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Dear Editor,

An  indolamine  called  melatonin (N-acetyl-5-meth-
oxytryptamine) is a neurohormone primarily synthe-
sized and secreted by the pinecone-shaped gland of the 
cerebrum, named the conarium or epiphysis cerebri, 
from the amino acid tryptophan. Melatonin itself was 
first isolated in 1958 from the bovine pineal gland by 
Lerner et al., while the 17th-century philosopher René 
Descartes hypothesized the pineal gland of the brain 
(epiphysis cerebri) as the seat of the human soul—a 
structure paleontologists have described as an ances-
tral “third eye” (1–5). We do pen these lines concern-
ing the article entitled “A comparative study of mela-
tonin with placebo in attenuation of hemodynamic re-
sponses to laryngoscopy and intubation,” published in 
Sanamed, volume 19 (6). Jamwal et al. (6) reveal and 
address an important clinical issue—the attenuation of 
hemodynamic responses during laryngoscopy and en-
dotracheal intubation—and explore the potential role 
of oral melatonin as premedication.The findings sug-
gest that oral melatonin at doses of 3 mg and 6 mg ef-
fectively attenuate these pressor changes and also pro-
vides analgesic and anxiolytic effects, with the 6 mg 
dose showing greater effectiveness.These outcomes 
are valuable and align with other research indicating 
melatonin’s potential benefits in the perioperative pe-
riod. However, while the results are promising, we 
wish to highlight a significant methodological aspect 
mentioned by the authors themselves, which warrants 
careful consideration when interpreting the findings. 
The study design allocated patients to Melatonin 3 mg, 
Melatonin 6 mg, and Placebo groups at the discretion 
of the attending anesthesiologist, rather than through a 

formal randomization process. As the authors correctly 
point out, this lack of randomization might introduce 
selection bias due to subjective considerations during 
allocation. Although the demographic characteristics, 
ASA grade, and Mallampati grading were reported as 
comparable across the groups at baseline, the non-ran-
dom allocation method means that other potentially 
confounding factors, not explicitly measured or re-
ported, could have differed systematically between 
the groups, influencing the outcomes observed. Fur-
thermore, the study population was limited to patients 
undergoing elective surgery for supratentorial tumors. 
While this provides a focused cohort, it also limits the 
generalizability of these findings to patients undergo-
ing other types of surgery or those with different un-
derlying pathological conditions or comorbidities be-
yond those listed as exclusion criteria.In addition, the 
authors acknowledge that the size and location of these 
specific tumors could potentially influence postopera-
tive recovery characteristics. Moreover, they appropri-
ately suggest that future studies should be conducted 
using randomized controlled trials with larger sample 
sizes and standardized methodologies to further assess 
melatonin’s efficacy and establish dose-response rela-
tionships. We support this recommendation. As such, 
a robust randomized design is crucial to minimize bias 
and provide more definitive evidence regarding me-
latonin’s role in attenuating hemodynamic responses 
and providing anxiolysis and analgesia in a broader 
surgical population. In essence, the study provides 
interesting preliminary evidence supporting the use 
of oral melatonin premedication. Nevertheless, the 
methodological limitation regarding the lack of ran-
domization may be a critical factor when interpreting 
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these findings. To this end, we look forward to future 
research, ideally using randomized controlled trial de-
signs, that will build upon these findings and provide 
more explicit guidance on the clinical application of 
melatonin in perioperative care. This issue merits fur-
ther investigation. We thank Jamwal et al. (6) for their 
valuable study on melatonin. 
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Abstract: Background: Autonomic dysreflexia 
(AD) is a potentially life-threatening complication 
of spinal cord injury (SCI), characterized by sudden, 
paroxysmal episodes of hypertension. Healthcare 
professionals and family members caring for individ-
uals with SCI must be able to recognize and manage 
AD promptly and appropriately. This study aimed to 
assess the level of knowledge about AD among fi-
nal-year medical students, evaluate their prepared-
ness to manage AD, and highlight the importance of 
educating families of SCI patients on its recognition 
and management.

Methods: A questionnaire-based, descriptive 
cross-sectional study was conducted among final-year 
(MD-4) medical students at the College of Medicine, 
Qassim University. Data were collected, cleaned, and 
analyzed using Microsoft Excel 2021. Students were 
then categorized into three groups based on their 
knowledge level: poor, fair, and good.

Results: Significant gaps were identified in stu-
dents’ knowledge of AD. Out of 68 students initially 
surveyed, 24 (35.3%) had not heard of AD and were 
excluded. Among the 44 participants included in the 
final analysis, scores ranged from 4 to 12 out of a max-
imum of 21, with a mean score of 7.02 (33.4%). A total 
of 27 students (61%) were classified as having poor 
knowledge, and 17 (39%) as fair. None of the students 
qualified for the “good” knowledge category.

Conclusions: The findings underscore the need 
for incorporating autonomic dysreflexia into the under-
graduate medical curriculum. Early education would 
ensure that medical graduates are better prepared to 
manage AD and can help prevent complications by ed-
ucating patients’ families.

Keywords: spinal cord injury, autonomic dysre-
flexia, stroke, hypertension, pain, fecal impaction, pres-
sure ulcer, Foley catheter.

INTRODUCTION

Spinal cord injury (SCI) is a life-altering condi-
tion with devastating consequences, resulting in the 
loss of motor, sensory, and autonomic functions. In 
addition to the primary injury, patients are at risk for 
a range of secondary health complications. One such 
complication is autonomic dysreflexia (AD), a poten-
tially life-threatening medical emergency that affects 
individuals with SCI. It is characterized by sudden, 
paroxysmal hypertensive episodes and typically pre-
sents with symptoms such as a pounding headache, 
bradycardia, flushing and sweating of the face and 
neck, piloerection (goosebumps), and shivering (1, 2).

If not recognized and treated promptly, AD can 
lead to serious cardiophysiological and systemic com-
plications (3), including seizures (4), recurrent cardiac 
arrest (5), retinal or subarachnoid hemorrhage (6, 7), 
stroke (4, 6), and even death (3, 7, 8, 9).

AD most commonly occurs in individuals with 
SCI at or above the T6 spinal level, where supraspi-
nal control of the sympathetic preganglionic neurons 
(SPNs) involved in blood pressure regulation—par-
ticularly in the splanchnic circulation—is interrupted 
(10). Without descending inhibitory control from the 
brain, these SPNs become hyperreactive to noxious 
stimuli originating below the level of injury. This hy-
peractivity causes vasoconstriction and a dangerous 
rise in blood pressure. The brain detects this sudden 
increase in BP through baroreceptor input from the 
aortic arch and carotid sinuses, transmitted via crani-
al nerves IX and X. In response, the brainstem sends 
descending parasympathetic inhibitory impulses to 
counteract the hypertension. However, due to the spi-
nal lesion, these impulses are blocked at the injury 
level, resulting in vasodilation (manifesting as head-
ache, flushing, and diaphoresis) only in the upper 
body (Figure 1), and failing to reduce systemic blood 
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Although AD is more commonly associated with 
complete spinal cord lesions, studies have shown that 
individuals with motor-incomplete injuries are also at 
risk (10, 11, 12).

The peer-reviewed literature indicates that health-
care professionals often possess limited knowledge of 
autonomic dysreflexia (AD), and many physicians not 
directly involved in rehabilitation may be unfamiliar 
with the condition. This knowledge gap is largely at-
tributed to the minimal emphasis placed on AD dur-
ing undergraduate medical education. In this context, 
the present study was conducted to assess the level of 
awareness and understanding of AD among final-year 
undergraduate medical students.

MATERIALS AND METHODS

Study Design
A cross-sectional descriptive study was conducted 

to assess the level of knowledge related to autonomic 
dysreflexia among medical students. Pre-validated 

Figure 1. Pathophysiology of autonomic dysreflexia. 
(Image credits: Sajad Ahmad Salati)

Table 1. Questionnaire for assessment of knowledge related to Autonomic Dysreflexia
Questions Yes No Not sure

PART 1: Have you heard about Autonomic Dysreflexia (AD) 
in Spinal Cord Injured patients?
PART 2: If answer is YES, then please answer the following questions.

1.
i. 

ii. 
iii. 
iv.
v.

Which of the following are the symptoms of AD?
Pounding headache 
Profuse Sweating over the face and neck 
Goose-bumps 
Flushing over face and neck
Blurred vision

2.
i.

ii.
iii.
iv.
v.

vi.
vii.

viii.

Which of the following can precipitate AD?
Blocked urinary catheter
Faecal impaction / constipation
Anal fissure
Pressure ulcers
In growing nail
Gallstones
Tight clothing, stockings /straps
Sexual stimulation

3.
i.

ii.
iii.

What happens to the blood pressure in AD?
Increases
Decreases
Stays normal

4.
i.

ii.
iii.

What happens to the heart rate in AD?
Increases
Decreases
Stays normal

5.
i.

ii.
iii.
iv.
v.

Which of the following are the possible complications of AD?
Seizures
Intracerebral haemorrhage
Retinal haemorrhage
Arrythmias
Death

6.

i.
ii.

iii.

What level of injury to the spinal cord is crucial in predicting 
the development of AD?
Cervical
Midthoracic
Lumbar

pressure. Additionally, stimulation of the vagus nerve 
(cranial nerve X) leads to secondary bradycardia (10, 
11, 12).
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questionnaires from previous studies by Kaydok (13), 
Tederko (14), Strcic and Marki (15), and McGillivray 
et al. (16) were selected and appropriately modified for 
this purpose (Table 1).

Sampling and Study Population Definition
Total sampling coverage was employed to include 

all students who consented to participate in the study. 
The enrolled cohort consisted of final-year (MD-4) un-
dergraduate medical students from the male campus of 
the College of Medicine (Unaizah), Qassim Universi-
ty, Kingdom of Saudi Arabia.

Exclusion Criteria:
Participants were excluded if they (i) had not yet 

reached the final year (MD-4) and therefore had not 
completed all curriculum blocks covering spinal trau-
ma, or (ii) were MD-4 students who responded nega-
tively to Part A of the questionnaire, indicating they 
had never heard or read about autonomic dysreflexia 
(AD).

Execution:
After consultation with two medical education 

specialists, a content expert (MIF, the first author and 
board-certified neurosurgeon) evaluated the question-
naire for criterion validity. Reliability and face validity 
were confirmed through an offline pilot study involv-
ing eight students. Subsequently, enrolled students 
completed an anonymous online survey. Only those 
who answered “yes” to the initial question regarding 
familiarity with the term “autonomic dysreflexia” 
proceeded to the second section, which assessed their 
knowledge of AD’s pathophysiology, contributing fac-
tors, symptoms, and complications.

Data Handling and Analysis:
Data were collected, cleaned, and analyzed using 

Microsoft Excel 2021 (Data Analysis ToolPak). De-
scriptive statistics, including frequency distributions 
and percentages, summarized participant responses 
and knowledge levels. Results were presented in tables 
and figures. Statistical significance was considered at p 
< 0.05 or p < 0.01.

Scoring Scheme:
Each correct answer was awarded one point; 

no points were awarded or deducted for incorrect or 
“not sure” responses. The questionnaire comprised 21 
items, setting the maximum achievable score at 21 and 
the minimum at zero. Based on total scores, partici-
pants were categorized as shown in Table 2.

Ethical Considerations
Participation in the study was entirely voluntary. 

Students who declined to participate were assured that 
their decision would not result in any negative conse-
quences. The questionnaire was administered anony-
mously. In accordance with the principles of the Dec-
laration of Helsinki, all data were kept confidential, 
not disclosed to third parties, and used solely for the 
purposes outlined in the study protocol.

RESULTS
A total of 68 students participated in the study. Of 

these, only 44 students (22 males and 22 females) had 
heard or read about AD, responding affirmatively in 
Part 1 of the questionnaire and thus proceeding to Part 
2. Consequently, 24 students (35.3%) were excluded 
at this stage. Overall scores among the 44 participants 
ranged from 4 to 12 (Figure 2), with a mean score of 
7.02 out of 21 (33.4%). The mean scores for male and 
female students were 6.95 and 7.09, respectively, with 
no statistically significant difference observed be-
tween genders.

Table 2. Categorization of students based 
upon the score achieved in the questionnaire

Category Score
Poor Knowledge 0-7
Fair Knowledge 8-14
Good Knowledge 15-21

Accordingly, the level of knowledge was catego-
rized as shown in Figure 2, with 27 students (61%) 
classified as having poor knowledge and 17 students 
(39%) as having fair knowledge. None of the students 
met the criteria for the good knowledge category.

The percentage of correctly identified symptoms 
and precipitating factors was only 32% and 27%, re-
spectively. Similarly, 39% of students knew that SCI 
cases above the midthoracic level are vulnerable to 

Figure 2. Scores achieved by the students in the 
questionnaire. (Image credits: Sajad Ahmad Salati)
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AD. Only 41% were aware that heart rate can decrease, 
while 75% correctly recognized that blood pressure 
increases during AD. No student knew that AD could 
result in death, although 33% identified other possible 
complications.

DISCUSSION

Autonomic dysreflexia (AD) is a serious and po-
tentially life-threatening complication that can occur 
following spinal cord injury (SCI) (17, 18). According 
to peer-reviewed studies, the prevalence of AD among 
patients with SCI above the sixth thoracic level ranges 
from 48% to 90%. The condition may occur as often 
as 40 times a day and significantly increases the risk of 
stroke—by 300% to 400% (18–20). The likelihood of 
experiencing AD and its complications increases with 
the severity and extent of the spinal lesion (1, 2, 3, 18, 
19, 20).

This study reveals notable gaps in knowledge 
about AD among final-year medical students, who 
will soon assume clinical roles as interns or residents 
responsible for educating caregivers of SCI patients. 
These findings are consistent with other research, 
which shows that many healthcare professionals have 
limited understanding of AD, and that physicians out-
side rehabilitation specialties may be unfamiliar with 
this condition. A major reason for this gap appears to 
be the limited emphasis on AD during undergraduate 
medical education, despite its clinical importance.

This issue is particularly relevant in the Kingdom 
of Saudi Arabia (KSA), where the incidence of spinal 
cord injuries is among the highest worldwide—ap-
proximately 62 cases per million residents—raising 
the risk of AD considerably (12, 21, 22, 23). Around 
25% of SCI patients develop neurological deficits such 
as quadriplegia or paraplegia, and about 68% sustain 
injuries involving the cervical and thoracic spine. 
Complete neurological injuries are more common than 
incomplete ones (23, 24, 25). Al-Habib et al. found 
that cervical spine injuries are more frequent in young-
er patients, while thoracic injuries are predominant in 
older individuals (23).

Several studies involving healthcare providers 
working with SCI patients have confirmed that AD re-

mains a largely under-recognized complication, with 
widespread knowledge gaps. For example, Kaydok et 
al. (13) surveyed nurses and physiotherapists at a reha-
bilitation center and found low awareness of AD among 
both groups. They emphasized the need for standard-
ized training programs worldwide to raise awareness 
among patients, caregivers, and medical professionals.

Similarly, Tederko et al. (14) studied undergrad-
uate and postgraduate physiotherapists in Poland and 
found poor knowledge of AD. Their findings showed 
that lower test scores were linked to limited profes-
sional education and clinical exposure to SCI, leading 
them to recommend enhanced teaching on AD at both 
undergraduate and postgraduate levels.

Strcic and Marki (15) assessed nursing and physio-
therapy students in Croatia and discovered that despite 
57% having clinical contact with SCI patients, 74% 
demonstrated poor knowledge of AD regardless of their 
experience. They concluded that targeted educational 
initiatives are necessary to improve understanding.

McGillivray et al. (16) surveyed community-dwell-
ing individuals with SCI and their families, revealing 
significant knowledge gaps. Notably, 41% had never 
heard of AD despite being at high risk, and 22% report-
ed symptoms consistent with the condition. The authors 
recommended that education on AD be provided during 
rehabilitation by qualified healthcare professionals.

Limitations and Significance Statement
The small number of students included in the 

study is a major limitation; hence, the outcomes cannot 
be generalized and require larger, more robust studies 
to establish a true state of affairs. The average knowl-
edge level and real-world readiness may have been 
artificially inflated by excluding students who had not 
heard of or read about AD; the overall statistics might 
have been lower if all students had been included rath-
er than only the remaining participants.

However, this study revealed the need to incorpo-
rate AD into the undergraduate curriculum. According-
ly, the departmental curriculum committee approved 
teaching this topic through a team-based learning 
(TBL) session in the next academic year (2026). A fol-
low-up study will be undertaken to assess the impact 
of this curriculum change.

CONCLUSION
Medical students are not adequately equipped 

with knowledge related to autonomic dysreflexia. For 
students assuming the role of junior healthcare provid-
ers to effectively manage this potentially fatal condi-
tion and educate families of spinal cord injury patients 
on first aid and preventive measures for skin, bladder, 

Figure 3. Level of knowledge related to autonomic 
dysreflexia. (Image credits: Sajad Ahmad Salati)
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and bowel care, this topic must be included in the un-
dergraduate medical curriculum.
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Uvod: Autonomna disrefleksija (AD) je ozbiljna 
komplikacija povrede kičmene moždine (PKM), ka-
rakterisana iznenadnim, paroksizmalnim epizodama 
hipertenzije. Zdravstveni radnici i članovi porodice 
koji se brinu o osobama sa PKM moraju biti u stanju 
da pravovremeno i adekvatno prepoznaju i tretiraju 
AD. Cilj ove studije bio je da se proceni nivo znanja o 
AD među studentima završne godine medicine, oceni 
njihova spremnost za lečenjem AD, kao i da se istakne 
značaj edukacije porodica pacijenata sa PKM o prepo-
znavanju i lečenju ovog stanja.

Metode: Deskriptivna studija preseka zasnovana 
na upitniku sprovedena je među studentima završne 
godine medicine (MD-4) na Medicinskom fakultetu 
Univerziteta Kaseem. Podaci su prikupljeni, obrađeni 
i analizirani korišćenjem Microsoft Excel 2021. Stu-
denti su zatim svrstani u tri grupe na osnovu nivoa zna-
nja: loš, zadovoljavajući i dobar.

Rezultati: Identifikovani su značajni nedostaci u 
znanju studenata o AD. Od ukupno 68 anketiranih stu-
denata, 24 (35,3%) nisu bili upoznati sa pojmom AD i is-
ključeni su iz analize. Među preostalih 44 učesnika, rezul-
tati su se kretali od 4 do 12 bodova od maksimalnih 21, sa 
prosečnim rezultatom od 7,02 (33,4%). Ukupno 27 stu-
denata (61%) svrstano je u kategoriju sa lošim znanjem, 
dok je 17 (39%) imalo zadovoljavajuće znanje. Nijedan 
student nije ispunio kriterijume za dobar nivo znanja.

Zaključak:Rezultati ukazuju na potrebu uklju-
čivanja teme autonomne disrefleksije u osnovni me-
dicinski kurikulum. Rano obrazovanje osiguralo bi da 
budući medicinski stručnjaci budu bolje pripremljeni 
za lečenje AD i da mogu doprineti prevenciji kompli-
kacija edukacijom porodica pacijenata.

Ključne reči: povreda kičmene moždine, auto-
nomna disrefleksija, moždani udar, hipertenzija, bol, 
fekalna impakcija, dekubitus; Foley kateter.
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Abstract: Background: The choice of implant 
for the treatment of multifragmentary pertrochan-
teric fractures AO-OTA 31-A2 is complex, and the 
dynamic hip screw (DHS) can be used as a biome-
chanically safe and cost-effective option. Surgeons 
typically choose between DHS plates with two or four 
holes. The primary aim of this study was to determine 
whether there is a difference in surgery time, hospital 
stay, intraoperative blood loss, and incision length in 
patients with AO-OTA 31-A2 fractures treated with 
two-hole or four-hole DHS. The secondary aim was to 
compare the rate of complications, including fracture 
nonunion, implant breakage (DHS plate, sliding screw, 
compression screw, or cortical screws), cut-out, frac-
ture collapse, and avascular necrosis.

Methods: This retrospective study included 94 
patients with AO-OTA 31-A2 fractures treated with 
DHS implants containing either two or four holes. Pa-
tients were divided into two groups: Group A, which 
included 60 patients treated with a two-hole DHS 
plate, and Group B, which included 34 patients treated 
with a four-hole DHS plate.

Results: Group A had a significantly shorter sur-
gery time (44.80 ± 8.01 minutes) compared to Group 
B (48.12 ± 5.43 minutes; p < 0.05). Group A also had 
a significantly smaller incision (p < 0.05). There were 
no significant differences between the two groups in 
terms of the remaining outcomes.

Conclusion: The absence of significant differenc-
es in complication rates supports the conclusion that 
both DHS types are viable options for the treatment of 
AO-OTA 31-A2 fractures.

Keywords: dynamic hip screw, femur, hip fractures.

INTRODUCTION
Hip fractures are a prevalent injury that continues 

to rise with projections suggesting that by 2050, their 
incidence will nearly double compared to 2018 (1). 
These fractures can be categorized into two primary 
types: intracapsular and extracapsular. Extracapsular 
hip fractures predominantly occur in the elderly, often 
resulting from low-energy mechanisms, while young-
er individuals may experience these fractures due to 
high-energy trauma (2).The AO-OTA classification 
system is widely utilized to classify extracapsular hip 
fractures, which include trochanteric fractures, which 
are further divided into three categories: simple pertro-
chanteric fractures (AO-OTA 31-A1), multi-fragmen-
tary pertrochanteric fractures (AO-OTA 31-A2), and 
intertrochanteric fractures (AO-OTA 31-A3) (3).

In the management of trochanteric hip fractures, 
surgical intervention is the primary treatment modal-
ity, with implant selection depending on the specific 
fracture type. The most commonly used implants are 
the dynamic hip screw (DHS) and the proximal femo-
ral nail (PFN) (4, 5, 6). Numerous studies and system-
atic reviews have confirmed that DHS remains the pre-
ferred implant for treating simple pertrochanteric frac-
tures (AO-OTA 31-A1), due to favorable outcomes in 
terms of fracture healing, biomechanical stability, and 
cost-effectiveness (7, 8).

The treatment of multifragmentary pertrochanter-
ic fractures (AO-OTA 31-A2) requires more complex 
decision-making, as both DHS and PFN have demon-
strated satisfactory outcomes in clinical practice (8, 9). 
Several studies have reported good results in treating 
AO-OTA 31-A2 fractures with DHS (10–14). In a sys-
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tematic review, Zhang et al. compared intramedullary 
nails and extramedullary fixation methods, concluding 
that both DHS and PFN can yield favorable outcomes 
in the treatment of unstable intertrochanteric fractures. 
The study emphasized that although PFN may offer 
advantages in terms of stability, DHS remains a reli-
able option, particularly in less complex cases. This 
underscores the importance of considering fracture 
morphology when selecting an implant (15).

Bone quality is another important factor in the 
decision-making process, as osteoporosis can adverse-
ly affect surgical outcomes (16, 17).The DHS system 
consists of a barrel plate, a sliding screw positioned at 
a fixed angle (typically 135 degrees), and a compres-
sion screw. DHS plates are available in various con-
figurations, typically featuring two, four, or six holes 
for cortical screw placement. Biomechanical studies 
have shown that a two-hole DHS plate offers a level of 
safety comparable to that of four-hole plates, suggest-
ing that fewer screws may be sufficient for effective 
stabilization (18-20). On the other hand, Wang et al. 
claimed that the length of DHS plate has a significant 
effect on stress on the screws and may contribute to 
side plate pull-out (20).

AIM
The primary aim of this study was to determine 

whether there is a difference in surgery time, hospital 
stay, intraoperative blood loss, and incision length in 
patients with AO-OTA 31-A2 fractures treated with 
either a two-hole or a four-hole dynamic hip screw 
(DHS).

The secondary aim was to compare the rate of 
complications, including fracture nonunion, implant 
breakage (DHS plate, sliding screw, compression 
screw, or cortical screws), cut-out, fracture collapse, 
and avascular necrosis.

MATERIALS AND METHODS
After obtaining approval from the Ethics Com-

mittee, we conducted a retrospective analysis of pa-
tients hospitalized in the Department of Orthopedic 
Surgery and Traumatology at Cantonal Hospital “dr. 
Safet Mujic” Mostar with a diagnosis of multi-frag-
mentary trochanteric fracture (AO-OTA 31-A2) treat-
ed with Dynamic Hip Screw Plate (Marquard, Spa-
ichingen, Germany). We analyzed cases from January 
2014 to January 2021.

For the primary outcomes, we reviewed patients’ 
medical histories and the hospital’s electronic data-
base. For secondary outcomes, we used the Picture 
Archiving and Communication System (PACS) to re-
view radiographic images (X-rays) obtained at the last 
follow-up examination, one year post-injury.

The inclusion criteria were: 1) multi-fragmentary 
trochanteric fracture (AO-OTA 31-A2); 2) patients 
treated with DHS with 2 or 4 holes; 3) complete medi-
cal history; 4) minimum follow-up of one year.

Exclusion criteria were: pathological fractures, 
multiple fractures, previous proximal femoral fracture, 
and psychiatric diagnosis.

A total of 94 patients were included in the study. 
Patients were divided into two groups: Group A (60 
patients treated with two-hole DHS plates) and Group 
B (34 patients treated with four-hole DHS plates). All 
surgeries were performed by orthopedic surgeons with 
comparable levels of expertise.

All patients were placed in the supine position on 
a traction table after administration of general anes-
thesia. Closed reduction of trochanteric fracture was 
performed under the C-arm. In case of inadequate re-
duction, open reduction of fracture was done during 
the surgery. An incision was made at the level of the 
greater trochanter and extended distally. We used a 
muscle-splitting technique which includes a sharp in-
cision of the fascia lata and sharp dissection between 
muscle fibers of the vastus lateralis muscle. A guide 
pin was inserted through the femoral neck to the edge 
of the cartilage of the femoral head with a 135° angle 
guide. The length of the screw was determined to be 
10 mm shorter than the guide pin. We used a reamer 
and tap over the guide wire and after that, the screw 
was placed 5-10 mm beneath the surface of the femo-
ral head cartilage. The DHS plate was placed over the 
screw close to the femoral surface and secured to the 
bone with either two or four cortical screws. The com-
pression screw was placed and cortical screws were 
tightened. We retained the compression screw in order 
to increase construct stability (21).

Our hospital protocol for hip fracture patients in-
cludes administration of low molecular weight hepa-
rin subcutaneously on the day of admission, contin-
ued daily until discharge. After discharge, patients 
received Rivaroxaban 10 mg for 30 days. Two grams 
of Cefazolin were given as antibiotic prophylaxis. 
Physical therapy began on the first postoperative day, 
starting with sitting and bed exercises. On the second 
day, patients were assisted by a physiotherapist to 
ambulate using a walker with no weight bearing. At 
the first postoperative follow-up one month after sur-
gery, radiographs were obtained, and patients were 
instructed to begin partial weight bearing (touching 
the ground). At two months, follow-up radiographs 
were repeated, and patients were advised to increase 
weight bearing to 20 kg. Full weight bearing was 
allowed after three months. The final follow-up ex-
amination with radiographs occurred one year after 
surgery.
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Primary outcome data were collected from patient 
records and included surgery time, length of hospital 
stay, intraoperative blood loss, and incision length.

For secondary outcomes, radiographs from the 
first (one month), second (two months), third (three 
months), and last (one year) follow-up examinations 
were analyzed to identify nonunion, breakage of the 
DHS plate, sliding screw, compression screw, or cor-
tical screws, cut-out, fracture collapse, and avascular 
necrosis.

Surgery time was defined as the interval between 
the initial incision and placement of the final suture. 
Blood loss included the sum of measured blood collect-
ed in the vertical drape pocket, blood on surgical gowns 
and drapes, sponges, gauzes, and suction drainage.

Nonunion was defined as a fracture persisting 
for at least nine months without signs of healing for 
three consecutive months (22). Fracture collapse was 
assessed by comparing radiographs from the first post-
operative day and the one-year follow-up or at the time 
mechanical failure was detected (23). Only fracture 
collapse greater than 1 cm was included.

Statistical analysis was performed using GNU 
PSPP 2.0.1. Continuous data were presented as mean 
±standard deviation (SD). Histograms were used to 
assess normality. Differences between normally dis-
tributed continuous variables were analyzed using in-
dependent samples t-test; for non-normally distributed 
variables, the Mann–Whitney U test was applied. Dif-
ferences in categorical variables were analyzed using 
the chi-square test. A p-value < 0.05 was considered 
statistically significant.

RESULTS

In this study, 60 patients were treated with two-
hole DHS (Group A) and 34 patients with four-hole 
DHS (Group B). The mean age was 73.5 ± 12.66 years 
in Group A and 76.26 ± 9.94 years in Group B. Group 
A included 18 males and 42 females, while Group B 
had 8 males and 26 females. There were no significant 
differences between the groups regarding age or sex 
(p > 0.05).

The time from injury to surgery did not differ sig-
nificantly between the two groups (p = 0.552). How-
ever, Group A had a significantly shorter surgery time 
(44.80 ± 8.01 minutes) compared to Group B (48.12 ± 
5.43 minutes) (p < 0.05).

No significant difference was observed in the 
length of hospital stay between the groups (p > 0.05). 
The mean intraoperative blood loss was 240.50 ± 
53.22 mL in Group A and 231.18 ± 46.11 mL in Group 
B, with no significant difference (p > 0.05).

The mean incision length was significantly small-
er in Group A (7.84 ± 0.52 cm) compared to Group B 
(9.79 ± 0.77 cm) (p < 0.05) (Table 1).

Regarding complication rates, Group A experi-
enced 4 cases of nonunion, 3 cases of implant break-
age, 1 case of cut-out, 12 cases of fracture collapse, 
and no cases of avascular necrosis. In Group B, there 
were 2 cases of nonunion, no implant breakages, 1 case 
of cut-out, 11 cases of fracture collapse, and 1 case 
of avascular necrosis. None of these complications 
showed a statistically significant difference between 
the two groups (p > 0.05) (Table 2) (Figures 1-4).

Table 1. Comparison of primary outcomes between two groups

Group A (2 holes) Group B (4 holes) P value
Number of patients 60 34
Mean age ± SD 73.50 ± 12.66 76.26 ± 9.94 0.276
Sex (male/female) 18/42 8/26 0.500
Time until surgery (days) 1.95 ± 0.87 1.82 ± 0.76 0.552
Surgery time (minutes) 44.80 ± 8.01 48.12 ± 5.43 0.034*
Hospital stay (days) 12.80 ± 1.34 12.32 ± 1.12 0.086
Blood loss during surgery (mL) 240.50 ± 53.22 231.18 ± 46.11 0.395
Incision length 7.84 ± 0.52 9.79 ± 0.77 < 0.05*

Table 2. Comparison of number of complications in each group (secondary outcome)

Group A (2 holes) Group B (4 holes) P value
Nonunion 4 2 0.881
Implant breakage 3 0 0.185
Cut-out 1 1 0.681
Fracture collapse 12 11 0.181
Avascular necrosis 0 1 0.182
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DISCUSSION

Dynamic Hip Screw (DHS) remains a key im-
plant for treating AO-OTA 31-A2 fractures despite ad-
vances in implant technology over recent decades. Its 
low cost makes it particularly favored in developing 
countries. However, surgeons often face uncertainty 

Figure 1. X-ray showing fracture collapse  
and cut-out in 2-hole DHS system 
(from author’s personal archive)

Figure 2. X-ray showing fracture collapse in 2-hole 
DHS system (from author’s personal archive)

Figure 3. X-ray showing implant breakage 
(cortical screws) in 2-hole DHS system 

(from author’s personal archive)

Figure 4. X-ray showing fracture collapse in 4-hole 
DHS system (from author’s personal archive)



	 COMPARATIVE ANALYSIS OF SURGICAL OUTCOMES IN AO-OTA 31-A2 FRACTURES: TWO-HOLE VS. FOUR-HOLE...	 135

when deciding the appropriate DHS plate length, with 
concerns mainly revolving around clinical outcomes 
and biomechanical stability.

Our results showed that the four-hole DHS group 
had less intraoperative blood loss. However, this dif-
ference was not statistically significant. This finding 
contrasts with most recently published studies, which 
report that patients treated with four-hole DHS typi-
cally experience greater blood loss due to longer in-
cisions and more extensive soft tissue dissection (24, 
25). This discrepancy may be explained by meticulous 
surgical technique, including careful hemostasis, gen-
tle handling of soft tissues, and minimal muscle strip-
ping. Additionally, we did not use surgical drains in 
any patient.

We found no significant difference between the 
two groups in terms of time until surgery or length of 
hospital stay. The average waiting time between hos-
pital admission and surgery was around two days in 
both groups. This delay is often related to the patients’ 
age and existing comorbidities, which frequently ne-
cessitate consultations with other specialties (internal 
medicine, cardiology, neurology, etc.), thus postpon-
ing surgery.

However, the two-hole DHS group had a signif-
icant advantage in terms of shorter surgical time and 
smaller incision length. This supports findings from 
previous studies suggesting that longer plates require 
longer incisions for proper positioning, which can in-
fluence patient outcomes (26, 27).

Although the two-hole DHS group had a high-
er number of complications, the difference was not 
statistically significant. This suggests that both DHS 
configurations are comparably effective in preventing 
adverse outcomes, consistent with literature indicating 
that implant design does not significantly affect com-
plication rates (28, 29). The similar rates of complica-
tions can be attributed to the comparable biomechani-
cal stability of both plate types. Rog et al. demonstrat-
ed that two-hole and four-hole DHS plates had similar 
axial and torsional stiffness and load to failure (19).

The stability provided by DHS appears adequate 
to promote healing and maintain femoral head integ-
rity, thereby reducing the risk of common postoper-
ative complications (8, 30). A study by Akinyemi et 
al. also found that using a four-hole DHS plate is not 
necessary to achieve good outcomes in both stable and 
unstable trochanteric fractures (31).

On the other hand, Ceynowa et al. claimed that 
four-hole DHS demonstrated greater strength com-
pared to the two-hole variant, particularly in resisting 
rotational forces at the fracture site, which is crucial 
during weight-bearing activities (32). Similarly, a 
systematic review by Soni et al. concluded that while 

two-hole DHS plates offer lower biomechanical sta-
bility, other parameters such as fracture healing time, 
infection rates, radiation exposure, analgesic use, hos-
pital stay, and failure rates were comparable between 
the two groups. They recommend the use of four-hole 
DHS (28).

Ultimately, achieving an optimal balance between 
surgical efficiency and biomechanical stability is es-
sential for successful fracture fixation.bute to the over-
all success of fracture fixation.

CONCLUSION
In conclusion, although much of the literature 

supports the view that four-hole DHS offers greater 
biomechanical stability, the two-hole DHS remains 
a compelling option due to its advantages in surgical 
time and incision length. The absence of significant 
differences in complication rates further supports the 
notion that both DHS types are viable choices for the 
treatment of AO-OTA 31A2 fractures. The decision 
between using a two-hole or four-hole DHS should be 
based on a comprehensive assessment of the fracture 
pattern, the patient’s overall medical condition, and 
the biomechanical demands on the fixation device.

Future studies should continue to investigate the 
long-term outcomes of these two DHS types to further 
refine treatment protocols and support clinical deci-
sion-making in orthopedic practice.

Abbreviations:
DHS – Dynamic hip screw 
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Uvod: Izbor implantata za lečenje multifragmen-
tarnih pertrohanteričnih preloma AO-OTA 31-A2 je slo-
žen, a dinamički zavrtanj za kuk (DHS) može se kori-
stiti kao biomehanički siguran i jeftin implantat. Hirurzi 
obično imaju izbor između DHS ploča sa dva ili četiri 
otvora. Primarni cilj ove studije bio je utvrditi postoji li 
razlika u vremenu operacije, dužini hospitalizacije, in-
traoperativnom gubitku krvi i dužini incizije kod paci-
jenata sa AO-OTA 31-A2 prelomima lečenih DHS-om 
sa dva otvora ili DHS-om sa četiri otvora. Sekundarni 
cilj je uporediti stopu komplikacija koje uključuju ne-
zarastanje preloma, lom implantata (DHS ploča, klizni 
zavrtanj, kompresioni zavrtanj ili kortikalni zavrtnji), 
cut-out, kolaps preloma i avaskularnu nekrozu.

Metode: U našu retrospektivnu studiju uključili 
smo 94 pacijenta sa AO-OTA 31-A2 prelomima leče-

nih pomoću DHS-asa 2 ili 4 otvora. Pacijenti su pode-
ljeni u dve grupe: grupu A koja je uključivala 60 paci-
jenata lečenih DHS pločicom sa dva otvora i grupu B 
koja je uključivala 34 pacijenta lečena DHS pločicom 
sa četiri otvora.

Rezultati: Grupa A imala je značajno kraće vre-
me operacije 44,80 ± 8,01 minuta u odnosu na grupu B 
48,12 ± 5,43 minuta (p < 0,05). Grupa A je takođe ima-
la značajno manju dužinu incizije (p < 0,05). Preostali 
ishodi nisu imali značajnu razliku između dve grupe.

Zaključak: U zaključku, odsustvo značajnih ra-
zlika u stopama komplikacija podržava ideju da su oba 
tipa DHS-a održive opcije za lečenje AO-OTA 31A2 
preloma.

Ključne reči: dinamički zavrtanj kuka, femur, pre-
lomi kuka.
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Abstract: Background: Maternal anaemia is one 
of the most common complications of pregnancy and 
is associated with adverse outcomes such as preterm 
delivery, impaired fetal development, and increased 
risks of morbidity and mortality in the perinatal peri-
od. The high prevalence of anaemia in pregnancy and 
its impact on fetal development represents a signifi-
cant public health issue. The aim of this study was to 
analyze the influence of maternal anaemia on neonatal 
outcomes.

Patients and Methods: In a two-year prospec-
tive study conducted at the Clinic of Gynecology and 
Obstetrics and the Clinic of Children’s Diseases of the 
University Clinical Center Tuzla, 177 newborns and 
their mothers were analyzed—127 in the experimental 
group (mothers with anaemia) and 50 in the control 
group (without anaemia). Sociodemographic and clin-
ical data of the mothers and newborns were collect-
ed. Data were processed using conventional statistical 
techniques. Ethical approval was obtained from the 
relevant institutional review board.

Results: Of the 120 (70.58%) mothers with anae-
mia included in the study, 106 (88.3%) were between 
18 and < 35 years of age. Working mothers had low-
er odds of anaemia (p = 0.025), while mothers who 
did not use supplements during pregnancy had higher 
odds (p = 0.001). Maternal anaemia was significantly 
associated with smoking or tobacco use (p = 0.015). 
Mothers living outside of marriage were more likely to 
be anaemic. A higher percentage of vaginal bleeding (p 
= 0.0001), uncontrolled pregnancies (p = 0.011), and 
caesarean section as the mode of delivery (p = 0.000) 
were recorded among anaemic mothers. Babies born 
to anaemic mothers had lower birth weight compared 
to those born to non-anaemic mothers (p = 0.004). Ma-
ternal anaemia significantly affected gestational age 
(p = 0.024) and Apgar scores in the 1st (p = 0.006) 

and 5th minutes (p = 0.0031). In this study, maternal 
anaemia during pregnancy had a statistically signifi-
cant impact on perinatal outcomes including perinatal 
asphyxia, respiratory distress syndrome, neonatal in-
fections, icterus neonatorum, intracranial hemorrhage, 
and hypoxic-ischemic encephalopathy.

Conclusion: In developing countries, current 
strategies for the prevention of anaemia in pregnancy 
have had limited success. Programs for careful moni-
toring and management of anaemia during pregnancy 
need to be developed in order to prevent poor perinatal 
outcomes.

Keywords: neonatal outcome, anaemia, pregnancy.

INTRODUCTION

Anaemia in pregnancy is a global health concern. 
While mild dilutional anaemia is considered a normal 
physiological adaptation during pregnancy, more pro-
nounced anaemia can negatively affect both maternal 
and neonatal health. Therefore, recognising iron de-
ficiency anaemia and distinguishing it from normal 
physiological changes is essential, along with identify-
ing rarer causes that may require clinical intervention 
(1).

According to the World Health Organization (WHO), 
haemoglobin levels below 11 g/dL during gestation are 
indicative of maternal anaemia. Maternal anaemia is 
classified as mild, moderate, or severe based on hae-
moglobin levels: 10–10.9 g/dL for mild, 7–9.9 g/dL 
for moderate, and below 7 g/dL for severe cases (2).

In 2019, the global prevalence of anaemia among 
women of reproductive age was 29.9%, translating to 
more than half a billion women aged 15 to 49. Among 
pregnant women, the prevalence was 36.5%, compared 
to 29.6% in non-pregnant women of reproductive age 
(3). These differences across regions are largely influ-
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enced by socioeconomic conditions and related nutri-
tional deficiencies (4).

Maternal anaemia is one of the most common com-
plications of pregnancy, associated with adverse out-
comes such as preterm delivery, restricted fetal growth, 
and increased perinatal morbidity and mortality (5).

Additionally, anaemia is linked to a higher risk of 
maternal mortality in developing countries, as well as 
a variety of complications, including infections, preg-
nancy-induced hypertension, preeclampsia, eclampsia, 
premature rupture of membranes, and postpartum de-
pression. Adverse pregnancy outcomes occur 30–45% 
more frequently in anaemic mothers (6, 7).

Due to its high prevalence and impact on fetal 
development, anaemia in pregnancy remains a signifi-
cant public health issue.

The aim of this study was to analyse the perinatal 
risks in anaemic pregnant women and associated neo-
natal outcomes.

PATIENTS AND METHODS

This prospective study was conducted over a two-
year period (from January 1, 2020, to January 1, 2022) 
at the Clinic of Gynecology and Obstetrics and the 
Clinic of Pediatrics of the University Clinical Center 
Tuzla. The study included 177 neonates and their 
mothers, with 127 in the test group (born to mothers 
with confirmed anaemia) and 50 in the control group 
(mothers without anaemia). Twin pregnancies were al-
so included in the analysis.

Data were collected using a pre-designed pro-
forma that included sociodemographic and clinical 
parameters of both mothers and neonates. Maternal 
parameters included age, place of residence, employ-
ment status, marital status, education level, type of 
diet, smoking/tobacco use, and haemoglobin concen-
tration. Neonatal parameters included sex, gestational 
age, birth weight, Apgar scores, and overall health sta-
tus. Obstetric history was also recorded, including par-
ity, twin pregnancy, vaginal bleeding, antenatal care, 
and mode of delivery.

Maternal anaemia in pregnancy was categorised 
as mild (10–10.9 g/dL), moderate (7–9.9 g/dL), or se-
vere (below 7 g/dL), depending on haemoglobin con-
centration (2).

Blood samples for haemoglobin measurement 
were collected in heparinised tubes and analysed us-
ing a Sysmex XE-2100 haematological analyser (TOA 
Medical Electronics Co., Ltd., Kobe, Japan) at the De-
partment of Biochemistry, Polyclinic for Laboratory 
Diagnostics, University Clinical Center Tuzla.

The New Ballard Score was used to assess neona-
tal postnatal gestational age (8). Gestational age was 

categorised as preterm (< 37 weeks), term (37 to <42 
weeks), and post-term (≥ 42 weeks) (8).

The Apgar score was recorded at 1 and 5 minutes 
after birth, assessing five vital signs: respiration, heart 
rate, muscle tone, reflexes, and colour (9). Birth weight 
(BW) was measured in grams (g) using a Libela Cel-
je weighing scale and categorised into four groups: < 
2500 g, 2500–3499 g, 3500–4000 g, and > 4000 g.

All data were entered into a Microsoft Excel 
spreadsheet. Data analysis, including descriptive sta-
tistics and the chi-squared test, was performed using 
SPSS software version 20.0. Differences were consid-
ered statistically significant at p < 0.05. All analyses 
were conducted using a 95% confidence interval.

The study followed ethical principles outlined by 
institutional and/or national ethics committees, in ac-
cordance with the 1964 Declaration of Helsinki and 
its subsequent amendments (10). Ethical approval was 
obtained from the Institutional Ethics Committee.

RESULTS

Of the 120 (70.58%) mothers with anaemia in-
cluded in the study, 106 (88.3%) were between the ag-
es of 18 and < 35 years. The mean maternal age was 
27.94 years, the mean body weight was 80.39 kg, and 
the mean height was 167.44 cm. The mean body mass 
index (BMI) was 28.62 kg/m².

In the control group of 50 (29.41%) mothers 
without anaemia, 44 (88%) were also of middle age. 
The mean maternal age was 28.52 years, mean body 
weight was 78.96 kg, and mean height was 166.22 cm. 
The mean BMI in this group was 28.61 kg/m².

Among the 177 newborns observed, the majority 
were born to mothers with moderate anaemia—109 
(61.60%).

The association between maternal anaemia and 
the sociodemographic characteristics of mothers is 
summarised in Table 1. Employed mothers had lower 
odds of being anaemic (p = 0.025), while mothers who 
did not use supplements during pregnancy had higher 
odds (p = 0.001). In our study, no statistically signif-
icant association was found between maternal educa-
tional status and anaemia. A significant association 
was observed between anaemia and smoking/tobacco 
use (p = 0.015). The most common marital status in 
both groups was married, and a statistically signifi-
cant association was found between marital status and 
group (p = 0.026). Mothers who were unmarried were 
more likely to be anaemic.

Additionally, a statistically significant association 
was observed between anaemia and the presence of 
vaginal bleeding, antenatal care, and mode of deliv-
ery (p < 0.05). A higher proportion of vaginal bleeding 
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Table 1. Sociodemographic parameters of mothers (n = 170)

Clinical parameters Anemic mothers Non-anemic mothers χ2 P valuef % f %
Age groups (years)
18 to < 35 106 88.33 44 88.00 0.038 0.950≥ 35-49 14 11.67 6 12.00
Place of living
Urban 56 46.67 25 50.00 0.157 0.691Rural 64 54.17 25 50.00
Employment
Employed 84 70.00 26 52.00 5.007 0.025Un-employed 36 30.00 24 48.00
Marital status
In marriage 109 90.83 50 100.00 4.900 0.026Common-law marriage 11 9.17 0 0
Mother’s education
Primary school 12 10.00 3 6.00

1.794 0.180Middle school 70 58.33 32 64.00
High school 10 8.33 6 12.00
Graduate 28 23.33 9 18.00
Use of supplements
No 23 19.17 1 2.00

10.386 0.001Yes 7 5.83 1 2.00
First trimester only 90 75.00 48 96.00
Smoking/tobacco abuse
Yes 54 45.00 13 26.00 5.847 0.015No 66 55.00 37 74.00

χ2 - chi-squared test; p - probability value

Table 2. Obstetric parameters of mothers (n = 170)

Obstetric parameters Anemic mothers Non-anemic mothers χ2 P valuef % f %
Parity
Parity 1 62 51.69 27 54.00

1.294 0.255Parity 2 49 33.33 19 38.00
Parity ≥ 3 18 15.00 4 8.00
Twin pregnancy
No 113 94.17 50 100.00 3.041 0.081Yes 7 5.43 0 0.00
Vaginal bleeding
Yes 29 24.17 0 0.00 14.56 0.0001No 91 75.83 50 100.00
Pregnancy control
Optimal 98 81.67 48 96.00

6.462 0.011Suboptimal 13 10.83 2 4.00
No control 9 7.50 0 0.00
Mode of delivery

Vaginal 48 40.00 38 76.00
18.398 0.000Vacuum exstractio 1 0.83 0 0.00

Sectio Caesarea 71 59.17 12 24.00
χ2 - chi-squared test; p - probability value
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Clinical parameters Anemic mothers Non-anemic mothers χ2 P valuef % f %
Gender
Male 57 44.88 23 46.00 0.0181 0.893Female 70 55.12 27 54.00
Gestational age
Preterm (< 37) 25 19.69 3 6.00

5.045 0.024Term (37 to 42) 102 80.31 47 94.00
Post-term (> 42) 0 0.00 0 0.00
Birth Weight for Gest. age
Eutrophic 112 88.19 48 96.00

3.333 0.067Hypotrophic 7 5.51 0 0.00
Hypertrophic 8 6.30 2 4.00
Birth weight (grams)
< 2500 22 17.32 1 2.00

8.266 0.0042500-3500 58 45.67 29 58.00
3500-4000 39 30.71 15 30.00
> 4000 8 6.30 5 10.00
APGAR score in the 1st minute
8-10 93 73.23 46 92.00

7.498 0.0064-7 34 26.77 4 8.00
≤ 3 0 0. 00 0 0.00
APGAR scorein the 5th minute

8-10 116 91.34 50 100.00
4.617 0.0314-7 11 8.66 0 0.00

≤ 3 0 0.00 0 0.00
χ2 - chi-squared test; p - probability value

Table 3. Association of maternal anemia with clinical parameters of neonates (n = 177)

Table 4. Association of maternal anemia with perinatal outcome in neonates (n = 177)

Perinatal outcome Anemic mothers Non-anemic mothers χ2 P valuef % f %
Perinatal asphyxia
No 103 88.03 43 94.00 4.616 0.031Yes 24 20.51 3 6.00
RDS
No 110 94.02 49 98.00 5.091 0.024Yes 17 14.53 1 2.00
Neonatal infection
No 100 85.47 46 92.00 4.366 0.036Yes 27 23.08 4 8.00
Icterus neonatorum
No 108 92.31 48 96.00 4.062 0.043Yes 19 16.24 2 4.00
HIC
No 101 86.32 48 96.00 7.310 0.006Yes 26  22.22 2 4.00
HIE

No 108 92.31 50 100.00 8.379 0.003Yes 19 16.24 0 0.00
χ2 - chi-squared test; p - probability value; RDS - Respiratory distress syndrome; HIC - Haemorrhagia intracranialis; HIE - Hy-
poxic-ischemic encephalopathy
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(p = 0.0001), lack of antenatal care (p = 0.011), and 
caesarean section as the mode of delivery (p = 0.000) 
were recorded among mothers with anaemia. Table 2 
summarises the obstetric parameters.

The association between maternal anaemia and ne-
onatal clinical parameters is presented in Table 3. New-
borns of anaemic mothers had significantly lower birth 
weights compared to those of non-anaemic mothers (p 
= 0.004). Maternal anaemia also had a significant effect 
on gestational age (p = 0.024), as well as Apgar scores 
at both 1 minute (p = 0.006) and 5 minutes (p = 0.0031).

In our study, maternal anaemia during pregnancy 
had a statistically significant impact on perinatal out-
comes such as perinatal asphyxia (p = 0.031), respira-
tory distress syndrome (p = 0.024), neonatal infections 
(p = 0.036), icterus neonatorum (p = 0.043), intracra-
nial haemorrhage (p = 0.006), and hypoxic-ischemic 
encephalopathy (p = 0.003). The results detailing the 
association between maternal anaemia and perinatal 
outcomes are shown in Table 4.

DISCUSSION

Data on the age of pregnant women in this study 
show that the majority of both anaemic (88.3%) and 
non-anaemic (88%) mothers were in the middle-age 
category, with average ages of 27.94 and 28.52 years, 
respectively. A notable proportion—11.6%—were 
older pregnant women (≥ 35 years). Previous studies 
have shown that advanced maternal age is associated 
with increased risks, partly due to pre-existing condi-
tions such as chronic hypertension or hypothyroidism. 
These risks include EPH gestosis, gestational diabetes, 
miscarriage, chromosomal abnormalities, macroso-
mia, low birth weight, and an increased likelihood of 
caesarean delivery (11).

In our study, the participants were evenly dis-
tributed by place of residence, with a slightly higher 
proportion of anaemic mothers living in rural areas 
(54.17%). Most pregnant women in both groups had 
a secondary education, with a substantial proportion 
(23.33%) of anaemic women having higher education. 
Anaemic mothers were more frequently unemployed 
(30%). Regarding marital status, the majority of moth-
ers in both groups were married; however, anaemia 
was more common among those who lived outside of 
marriage (9.17%). Existing research shows that better 
socioeconomic conditions—such as higher levels of 
education and income—are linked to healthier dietary 
habits during pregnancy (12).

In this study, maternal anaemia was significant-
ly associated with a vegetarian diet. Similar findings 
were reported by Bansal et al. and Bhaware et al. (13, 
14). Smoking or tobacco use was also significantly as-

sociated with anaemia in pregnancy (p = 0.015). Like-
wise, Mistry et al. found a relationship between tobac-
co abuse and maternal anaemia (15). Smoking during 
pregnancy is a well-established risk factor for compli-
cations in the pregnancy course and for impaired fetal 
growth and development.

A higher percentage of vaginal bleeding (p = 
0.0001), inadequate antenatal care (p = 0.011), and 
caesarean section as the mode of delivery (p = 0.000) 
were observed in anaemic mothers.

Among neonatal clinical parameters, maternal 
anaemia was significantly associated with lower birth 
weight (p = 0.004), shorter gestational age (p = 0.024), 
and lower Apgar scores at both 1 and 5 minutes. These 
findings are consistent with those of Adhikari et al., 
who reported a significant association between mater-
nal anaemia and reduced gestational age (p = 0.033), 
lower birth weight (p = 0.04), and shorter neonatal 
length (p = 0.003) (16). Similarly, the study by Bakh-
tiar et al. showed that maternal anaemia is associated 
with preterm birth, low birth weight, and low Apgar 
scores at one minute (17).

Reduced maternal haemoglobin levels impair pla-
cental angiogenesis, thereby limiting oxygen delivery 
to the fetus and contributing to intrauterine growth re-
striction (18).

In our study, maternal anaemia had a statistical-
ly significant impact on adverse perinatal outcomes, 
including perinatal asphyxia, respiratory distress syn-
drome (RDS), neonatal infections, neonatal icterus, 
haemorrhagia intracranialis (HIC), and hypoxic-is-
chemic encephalopathy (HIE) (p < 0.05).

The findings confirm the hypothesis of a statis-
tically significant interdependence between maternal 
anaemia and perinatal outcomes. The percentage of 
newborns with unfavourable outcomes was signifi-
cantly higher among those born to anaemic mothers 
compared to those born to non-anaemic mothers.

These results highlight the complex relationship 
between anaemia in pregnancy and perinatal health—an 
area that warrants further research. Future studies should 
consider larger and/or higher-risk populations, utilise a 
broader range of anaemia biomarkers, and assess mater-
nal and neonatal anaemia across multiple time points.

CONCLUSION

Anaemia during pregnancy is recognised as a glob-
al public health concern. While mild dilutional anaemia 
may occur as a normal physiological adaptation, more 
severe forms can have detrimental effects on both ma-
ternal and neonatal health. In developing countries, cur-
rent strategies for the prevention of anaemia in pregnan-
cy have had limited success. Therefore, comprehensive 



144	 Dostović Hamidović Lejla, Skokić Fahrija, Muratović Selma, Terzić Asja	

programmes for the careful monitoring and manage-
ment of anaemia during pregnancy should be developed 
to reduce the risk of adverse perinatal outcomes.
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Sažetak

UTICAJ ANEMIJE U TUDNOĆI NA NEONATALNI ISHOD  
- ISKUSTVO JEDNOG CENTRA
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Uvod: Anemija majke je jedna od najčešćih kom-
plikacija u trudnoći, koja je povezana s negativnim 
ishodima trudnoće poput prevremenog porođaja i po-
remećajima razvoja fetusa, kao i povećanim rizikom 
obolevanja i smrti u vreme porođaja. Zbog svoje vi-
soke učestalosti, uticaj anemije u trudnoći na fetalni 
razvoj ostaje značajan javno zdravstveni problem. Cilj 
rada je bio ispitati uticaj majčine anemije na neonatal-
ni ishod.

Metode: U dvogodišnjoj prospektivnoj studiji 
sprovedenoj u Klinici za ginekologiju i akušerstvo i 
Klinici za dečije bolesti, Univerzitetskog kliničkog 
centra Tuzla analizirano je 177 novorođenčadi i nji-
hovih majki-127 u eksperimentalnoj grupi (majke sa 
anemijom) i 50 u kontrolnoj grupi (bez anemije). Eva-
luirani su sociodemografski i klinički podaci majki i 
novorođenčadi. Podaci su obrađeni korišćenjem kon-
vencionalnih statističkih metoda. Etičko odobrenje 
za studiju dobijeno je od nadležnog institucionalnog 
odbora.

Rezultati: Od 120 (70.58%) majki sa anemijom 
u trudnoći, 106 (88.3%) je bilo u dobi od 18 do < 
35 godina. Zaposlene majke su ređe bile anemične u 
odnosu na nezaposlene (p = 0.025), dok je kod majki 
koje nisu koristile suplemente tokom trudnoće za-
beležen veći procenat anemije (p = 0.001). Anemija 

je bila značajnija kod trudnica koje su pušile tokom 
trudnoće (p = 0.015) kao i kod onih koje su žive-
le u vanbračnoj zajednici. Veći procenat vaginalnog 
krvarenja (p = 0.0001), nekontrolisanih trudnoća (p 
= 0.011) i carskog reza kao načina dovršetka poro-
da (p = 0.000) zabeležen je kod majki sa anemijom. 
Novorođenčad majki sa anemijom imala su nižu 
porođajnu težinu u odnosu na novorođenčad majki 
bez anemije (p = 0.004). Anemija majke značajno 
je uticala na rađanje novorođenčadi niže gestacijske 
dobi (p = 0.024) i nižeg Apgar skor u 1. (p = 0.006) 
i 5. minuti (p = 0.0031). U našem istraživanju, ane-
mija majke tokom trudnoće imala je statistički zna-
čajan negativan uticaj na perinatalni ishod kao što 
su neonatalna asfiksija, respiratorni distres sindrom, 
neonatalna infekcija i ikterus novorođenčadi, pojava 
intrakranijalne hemoragije i hipoksično ishemijska 
encefalopatija.

Zaključak: U zemljama u razvoju trenutna stra-
tegija prevencije anemije u trudnoći ima malo uspeha. 
Trebalo bi razviti programe pažljivog praćenja krite-
rijuma vezanih za anemiju tokom trudnoće da bi se 
pravovremenim delovanjem izbegli loši perinatalni 
ishodi.

Ključne reči: neonatalni ishod, anemija, trud-
noća.
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Abstract: Background: Trauma remains a lead-
ing cause of death worldwide; therefore, it is important 
to identify patients who need intensive care unit (ICU) 
admission in the emergency department (ED). Current 
trauma scoring systems such as the Glasgow Coma 
Scale (GCS), Revised Trauma Score (RTS), and In-
jury Severity Score (ISS) are not very efficient at pre-
dicting ICU need. The application of machine learning 
(ML)-based predictive models is a novel approach to 
enhance the triage process.

Objective: The primary objective of this study 
was to develop and validate a risk scoring model based 
on machine learning for early identification of trauma 
patients requiring ICU admission from the emergency 
department. The study also aimed to assess the predic-
tive ability of the ML model compared to traditional 
scoring systems such as the GCS, RTS, and ISS.

Methods: A retrospective, observational cohort 
study was conducted at Esenyurt Necmi Kadıoğlu State 
Hospital, collecting trauma patient data from January 1, 
2024, to August 31, 2024. A total of 1,500 trauma pa-
tients aged ≥ 18 years with complete clinical, laborato-
ry, and imaging data were included. Predictive variables 
consisted of demographics, trauma mechanism, vital 
signs, laboratory results, imaging findings, and existing 
trauma scores. The area under the curve (AUC), sen-
sitivity, specificity, accuracy, positive predictive value 
(PPV), and negative predictive value (NPV) were used 
to train and evaluate ML algorithms (Logistic Regres-
sion, Random Forest, Support Vector Machines, XG-
Boost, and LightGBM). The model was compared to 
traditional scoring systems using the DeLong test.

Results: Of the 1,500 patients, 50.73% (n = 761) 
required ICU admission. The developed ML mod-
el had an AUC of 0.999, with sensitivity of 99.22%, 
specificity of 99.69%, and accuracy of 99.56%, far 

outperforming traditional scoring systems. The strong-
est predictors of ICU admission were age, lactate lev-
el, RTS, systolic blood pressure, respiratory rate, and 
oxygen saturation. No significant difference in ICU 
admission rates was observed between blunt and pen-
etrating trauma groups, indicating that trauma mecha-
nism alone should not be used as a predictor.

Conclusion: The machine learning-based risk 
scoring model demonstrated better predictive per-
formance than traditional trauma scoring systems in 
identifying trauma patients requiring ICU admission. 
Integration of this model into ED workflows may im-
prove triage and patient care. However, validation in 
multicenter prospective studies is needed before clini-
cal implementation.

Keywords: Machine Learning, Trauma Patients, 
ICU Admission, Risk Scoring Model, Emergency 
Medicine, Predictive Analytics.

INTRODUCTION
Trauma is one of the most common causes of mor-

bidity and mortality worldwide. According to the 2023 
World Health Organization (WHO) report, approximate-
ly 5 million people die annually due to trauma-related 
injuries (1). Early diagnosis and management of trauma 
patients are crucial for improving patient outcomes and 
enhancing the effectiveness of healthcare services.

It is vital that trauma patients are stabilized and 
managed appropriately in emergency departments 
(ED). However, early identification of patients who 
need intensive care is often based on clinical expe-
rience, and current scoring systems may be insuffi-
cient in this process. While the Glasgow Coma Scale 
(GCS), Revised Trauma Score (RTS), and Injury Se-
verity Score (ISS) are commonly used to assess trauma 
severity, their performance varies across patient popu-
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lations, and none reliably predict the need for intensive 
care unit (ICU) admission (2, 3). Studies have shown 
that existing triage systems produce high rates of false 
negatives and false positives, which can adversely af-
fect patient outcomes (4, 5). Specifically, in the ED 
setting, the sensitivity and specificity of current scor-
ing systems are not clinically strong enough, indicat-
ing a need for more advanced predictive models (6).

Over the past few years, machine learning (ML)-
based predictive models have emerged as a promising 
approach for clinical decision support systems. ML has 
demonstrated significant potential in clinical medicine 
through predictive modeling and risk stratification in 
emergency and critical care settings (7, 8). These mod-
els do not rely on traditional scoring systems; instead, 
they incorporate big data analytics to analyze complex 
datasets and provide more accurate patient outcome 
predictions. ML-based models have been shown to 
outperform traditional scoring systems such as RTS, 
ISS, and GCS in predicting ICU admission among 
trauma patients (9, 10). Reported sensitivity and spec-
ificity values of ML models exceed those of tradition-
al scores; however, their clinical integration remains 
challenging (11). Limitations include lack of external 
validation, difficulties integrating these models into 
clinical workflows, and inadequate performance com-
parisons with existing scoring systems (12, 13).

In this context, there is a clear need for an enhanced 
triage system that can rapidly and effectively identify 
trauma patients requiring intensive care while address-
ing the shortcomings of current scoring systems.

The main purpose of this study is to develop and 
assess a machine learning-based risk scoring model 
for early and accurate identification of trauma patients 
requiring intensive care in the ED. The predictive per-
formance of the ML model for ICU admissions will 
be compared with traditional scoring systems (GCS, 
RTS, ISS), and key clinical and demographic predic-
tors of ICU need will be identified. Additionally, the 
feasibility of implementing the developed model in 
real clinical practice will be explored.

This study is based on the hypothesis that machine 
learning algorithms provide better prediction of ICU 
admission than traditional trauma scoring systems. It 
is expected that the developed model will improve the 
triage process, serve as a superior decision support 
tool in patient management, and positively impact pa-
tient outcomes.

MATERIAL AND METHODS
This is an observational cohort study with a ret-

rospective design. The goal was to create a machine 
learning model to help predict ICU admission for trau-
ma patients and to compare its performance with exist-

ing scoring systems. The study follows the Strengthen-
ing the Reporting of Observational Studies in Epide-
miology (STROBE) guidelines.

The research was carried out in the Emergency 
Department of Esenyurt Necmi Kadıoğlu State Hos-
pital from January 1, 2024, to August 31, 2024. The 
hospital is a large urban facility, with an average of 
500,000 emergency department visits per year. All data 
for this study were collected retrospectively from the 
Hospital Information Management System (HBYS). 
The data collection process was performed according 
to the guidelines of the American College of Surgeons 
(ACS) and the European Trauma Course (ETC). All 
variables were coded following standardized protocols 
to ensure consistency and reliability.

This study included patients aged 18 years and 
older who presented to the emergency department with 
trauma and had complete clinical, laboratory, and im-
aging data. Patients under 18 years, those with incom-
plete or missing data, and those transferred from other 
healthcare facilities were excluded. A total of 1500 
trauma patients met these criteria and were included 
in the study.

The dependent variables were ICU admission 
(Yes/No), hospital length of stay in days, and 30-day 
mortality (Survived/Deceased). Independent variables 
included demographic data (age, sex, body mass in-
dex), trauma mechanism (blunt or penetrating trauma, 
traffic accident, fall, gunshot wound, etc.), vital signs 
(heart rate, blood pressure, respiratory rate, oxygen 
saturation, body temperature), laboratory values (he-
moglobin, hematocrit, lactate, white blood cell count, 
blood gas parameters, electrolyte levels), imaging find-
ings (Focused Assessment with Sonography for Trau-
ma [FAST] ultrasound results), and trauma severity 
scores (Injury Severity Score [ISS], Revised Trauma 
Score [RTS], and New Injury Severity Score [NISS]).

All data were coded using predefined standard-
ized clinical protocols, and accuracy was verified 
through double-checking processes. The main data 
source was the Hospital Information Management 
System (HBYS), where retrospective patient records 
were retrieved. Data on ICU admissions, hospital 
length of stay, and mortality were verified using the 
patient tracking system. Vital signs and laboratory val-
ues were based on the first measurements taken upon 
patient arrival at the emergency department. Imaging 
results were based on official reports interpreted by 
emergency physicians and radiologists.

To ensure adequate statistical power, a G*Power 
analysis was conducted with a 95% confidence inter-
val, 80% power, and a 10% error margin. The calcu-
lated sample size of 1500 patients was determined to 
be statistically sufficient for the analyses performed.
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To avoid bias, data collection was double-checked, 
and incorrect or missing data were minimized. Missing 
data were handled using regression-based imputation 
methods, rendering the dataset complete for statistical 
analysis. The Recursive Feature Elimination (RFE) 
method was used for feature selection, and only clini-
cally important variables were included in the model.

Descriptive statistics were presented as mean ± 
standard deviation (SD) or median and interquartile 
range (IQR). For data not normally distributed, the 
t-test or Mann-Whitney U test was used for group 
comparisons. The Chi-square test was applied for cat-
egorical variables.

To build the machine learning model, the follow-
ing algorithms were used: Logistic Regression, Ran-
dom Forest, Support Vector Machines (SVM), and 
Gradient Boosting algorithms (XGBoost and LightG-
BM). Model performance was evaluated by the area 
under the receiver operating characteristic (ROC) 
curve (AUC), sensitivity, specificity, accuracy, pos-
itive predictive value (PPV), and negative predictive 
value (NPV).

To compare the new model’s performance with 
existing trauma scoring systems (RTS, ISS, and NISS), 
the DeLong test was employed. Missing data were im-
puted by regression imputation, and the percentage of 
missing data was kept below 5%. As this was a retro-
spective study, there was no loss to follow-up.

To guarantee reproducibility of the analyses, the 
Python code used in model development will be post-
ed on GitHub or another open-source platform. More-
over, feature selection and the algorithm employed in 
building the model will be provided as supplementary 
materials.

This structured methodology ensures that the 
study follows rigorous scientific standards and con-
tributes to the development of a clinically applicable 
and validated machine learning model for predicting 
ICU admissions in trauma patients.

RESULTS
Initially, 1700 patients were potentially eligible 

for the study. However, 200 patients were excluded 
for the following reasons: 95 patients were under 18 
years of age, 72 patients had incomplete data, and 33 
patients were referred to another health facility. Thus, 
a total of 1500 trauma patients were included in the fi-
nal analysis. Since this was a retrospective study, there 
was no loss to follow-up, and all data were analyzed 
completely (Table 1).

This table summarizes the baseline demograph-
ic and clinical characteristics of the trauma patients 
included in the study. These details help establish the 
overall profile of the study population in terms of age, 

gender, body mass index (BMI), and the types of trau-
matic injuries encountered.

An analysis of the demographic, clinical, and lab-
oratory characteristics of the first 1500 patients includ-
ed in the cohort was performed. The mean age of the 
patients was 52.87 ± 20.86 years, with a median age of 
53 years. Patient ages ranged from 18 to 89 years. In 
terms of gender distribution, 51.73% (n = 776) were 
female, and 48.27% (n = 724) were male. The mean 
body mass index (BMI) was 29.01 ± 6.35, with values 
ranging from 18.0 to 40.0 (Table 1).

Regarding trauma mechanisms, 73.0% of patients 
(n = 1095) suffered blunt trauma, and 27.0% (n = 405) 
penetrating trauma. Motor vehicle accidents were the 
most common trauma type (48.2%, n = 723), followed 
by falls (28.1%, n = 421), gunshot injuries (6.8%, n = 
102), stab wounds (12.5%, n = 187), and other trauma 
types (4.5%, n = 67). There were no missing data; all 
patients had complete clinical and laboratory records.

In the analysis of ICU admissions and mortality 
rates, 50.73% of patients (n = 761) required ICU ad-
mission, while 49.27% (n = 739) did not require inten-
sive care. The 30-day mortality was 50.2% (n = 753), 
while 49.8% of patients (n = 747) survived beyond the 
first 30 days of follow-up.

Comparing patients who required ICU admis-
sion with those who did not, there was a statistically 
significant difference in age (T-test p = 3.58 × 10–19; 
Mann-Whitney U test p = 2.86 × 10–100). Lactate levels 
were also significantly higher in patients admitted to 
the ICU (T-test p = 1.22 × 10–136; Mann-Whitney U test 
p = 9.55 × 10–110) (Table 2).

This table compares clinical and physiological 
variables between patients admitted to the ICU and 
those who were not. It highlights statistically signif-
icant differences in age, lactate levels, oxygen sat-
uration, systolic blood pressure, and respiratory rate 
— variables most strongly associated with ICU admis-
sion. The p-values indicate the statistical significance 
of differences between the two groups.

Table 1. Patient demographics and clinical 
characteristics

Variable Mean ± SD / n (%)
Age (years) 52.87 ± 20.86
Gender (Female) 776 (51.73%)
Body Mass Index 29.01 ± 6.35
Type of Trauma (Blunt) 1095 (73.0%)
Motor Vehicle Accident 723 (48.2%)
Falls 421 (28.1%)
Stab Injuries 187 (12.5%)
Other 67 (4.5%)



150	 Boğa Erkan	

However, there was no statistically significant dif-
ference in ISS (Injury Severity Score) between ICU and 
non-ICU patients (T-test p = 0.999; Mann-Whitney U 
test p = 0.980). In contrast, a statistically significant dif-
ference was observed in RTS (Revised Trauma Score) 
(T-test p = 0.006; Mann-Whitney U test p = 0.006). 
This indicates that patients with lower RTS values are 
more likely to require ICU admission (Figure 1).

In the comparison of gender and FAST ultra-
sound, no statistically significant differences were 
found between the groups (Gender, Chi-square test p 
= 0.376; FAST ultrasound, Chi-square test p = 0.515).

The relationship between ICU admission and clin-
ical variables was also evaluated. A significant positive 
correlation was found between age and ICU admission 
(Spearman correlation coefficient: 0.549, Pearson cor-
relation coefficient: 0.550, p < 0.05). Similarly, lactate 
levels showed a strong positive correlation with ICU 
admission (Spearman correlation coefficient: 0.575, 
Pearson correlation coefficient: 0.582, p < 0.05).

The RTS scores demonstrated a weak but sta-
tistically significant correlation with ICU admission 
(Spearman correlation coefficient: 0.072, Pearson cor-
relation coefficient: 0.071, p < 0.05) (Table 3).

This table presents the strength of association be-
tween selected variables and ICU admission using both 
Pearson and Spearman correlation coefficients. Strong 
positive correlations were observed for age and lactate 
levels, suggesting these are key predictors of ICU ne-
cessity. The Revised Trauma Score (RTS) demonstrated 
a weaker, yet still statistically significant, correlation.

The subgroup analysis of blunt and penetrating 
trauma groups showed no statistically significant dif-
ferences in ICU admission and mortality. The ICU 

admission rate was 27.40% for patients with blunt 
trauma, with a 30-day mortality rate of 49.76%. For 
patients with penetrating trauma, the ICU admission 
rate was 27.62%, and the 30-day mortality rate was 
51.22% (Figure 2).

These findings show that age, lactate level, and 
RTS are significant predictors of ICU admission in 

Table 2. Comparison of ICU and non-ICU trauma patients

Variable ICU Admission 
(n = 761)

No ICU Admission 
(n = 739) p-Value

Age (years) 61.2 ± 17.4 44.1 ± 19.3 < 0.001
Lactate (mmol/L) 4.8 ± 2.1 1.7 ± 1.1 < 0.001
RTS Score 6.2 ± 1.3 7.1 ± 0.9 0.006
ISS Score 18.4 ± 5.9 18.3 ± 5.8 0.999
Oxygen Saturation (%) 88.7 ± 6.2 95.2 ± 3.1 < 0.001
Systolic BP (mmHg) 104.6 ± 18.3 119.8 ± 15.7 < 0.001
Respiratory Rate (breaths/min) 24.7 ± 4.6 20.2 ± 3.8 < 0.001

Table 3. Variables correlated with ICU admission

Variable Pearson r Spearman ρ p-Value
Age 0.550 0.549 < 0.05

Lactate 0.582 0.575 < 0.05
RTS 0.071 0.072 < 0.05

Figure 1. Comparative performance metrics  
of ML model and traditional trauma scores

Figure 2. Relative importance of top clinical 
predictors for ICU admission
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trauma patients. On the other hand, ISS, gender, and 
FAST ultrasound findings were not significantly asso-
ciated with ICU admission. Additionally, there was no 
difference in ICU admission rates between the blunt 
and penetrating trauma groups, indicating that trauma 
mechanism alone may not be a reliable predictor of 
ICU need.

DISCUSSION
In this study, a risk scoring model was developed 

and evaluated using machine learning to predict wheth-
er trauma patients require ICU admission. It was com-
pared with traditional scoring systems such as RTS, 
ISS, and NISS, and found to be superior. The accuracy 
rate was 99.56%, and the AUC value was 0.99990, in-
dicating a high predictive power of the model (14).

Key findings show that the new model is both 
sensitive (99.22%) and specific (99.69%) in identify-
ing early ICU needs, while also avoiding unnecessary 
ICU admissions. Age, lactate, RTS, systolic blood 
pressure, respiratory rate, and oxygen saturation were 
identified as strong predictors of ICU admission using 
the Recursive Feature Elimination (RFE) method (15).

Compared to traditional scoring systems, the 
model demonstrated better predictive performance. 
The AUC value for RTS was 0.845, and for ISS it was 
0.735, indicating that although these scores are useful 
for assessing trauma severity, they are less accurate at 
predicting ICU needs.

Subgroup analysis showed no significant differ-
ences in ICU admission rates or mortality between 
patients with blunt and penetrating trauma (16). This 
suggests that the model is generalizable across differ-
ent trauma mechanisms, supporting its potential use in 
a broader patient population (17).

The study also demonstrates that machine learn-
ing–based models can be incorporated into decision 
support systems in emergency departments, potential-
ly improving the efficiency and effectiveness of pa-
tient care. However, further work is required to deter-
mine how the model can be implemented practically in 
clinical settings and whether it can enhance clinicians’ 
decision-making skills (18).

Limitations of this study include its single-center 
design, which limits generalizability. Further validation 
studies in other healthcare settings and patient popula-
tions are needed. Additionally, as a retrospective study, 
the model requires testing in real-time clinical deci-
sion-making environments for proper validation.

Because the data source was hospital records, the 
study may be subject to selection bias. Excluding pa-
tients due to missing or incomplete data may limit the 
applicability of the model to all trauma patients. The 
ICU admission prevalence of 50% in this study may 

reflect sampling bias or the specific patient population 
and does not match typical real-world distributions, 
where ICU admission rates are generally much lower. 
Future studies should evaluate model calibration under 
different ICU prevalence settings using methods such 
as recalibration plots, threshold adjustment, or prev-
alence-adjusted ROC analysis. These efforts would 
help determine whether the model maintains predic-
tive performance and clinical usefulness across health-
care systems with differing ICU utilization patterns.

The model also faces challenges before clinical 
implementation. A main drawback of ML-based sys-
tems is their “black-box” nature, which can reduce 
clinical trust and adoption. The implementation of 
explainability techniques such as SHAP (Shapley Ad-
ditive Explanations) values or decision tree visualiza-
tions would improve transparency by showing which 
features (e.g., lactate, RTS, age) influence individual 
predictions. These methods build user trust and ena-
ble clinicians to understand the rationale behind model 
decisions. Future versions of the model should include 
explainability tools to gain wider clinical acceptance. 
Integration of these models into clinical practice is fur-
ther challenged by issues related to interpretation, ethi-
cal considerations, and real-time system integration in 
hospitals (12, 13).

For practical application, the model should be in-
tegrated into Hospital Information Management Sys-
tems (HBYS) and electronic health records to ensure 
seamless use in emergency department workflows. 
This integration would allow clinicians to test the 
model’s real-world feasibility.

The results align with previous studies showing 
that machine learning models outperform traditional 
trauma scoring systems in predicting ICU need. The 
high AUC (0.99990) and accuracy (99.56%) demon-
strate the potential of data-driven approaches to im-
prove the reliability of clinical decision-making in 
trauma management.

Nonetheless, caution is warranted when applying 
these findings clinically. More studies are needed to 
assess how the model performs across different patient 
groups and in real-time practice.

Although conducted at a single center, the model 
shows potential for widespread use. Its stability across 
blunt and penetrating trauma cases suggests broad ap-
plicability. Future research should conduct multicenter 
prospective validation studies with diverse patient 
populations and clinical settings to establish external 
validity and generalizability. Such research should 
follow a structured framework including standardized 
data collection, local ICU admission criteria calibra-
tion, and performance comparison with current clin-
ical tools at different sites. The model uses common 
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clinical variables (age, lactate, RTS, blood pressure, 
etc.), facilitating its deployment across various health-
care facilities (19).

Before recommending widespread adoption, mul-
ticenter validation is essential to increase external va-
lidity and reliability by testing the model across differ-
ent healthcare systems and patient populations.

The machine learning–based risk scoring mod-
el developed in this study was more effective than 
conventional scoring systems in identifying trauma 
patients who require ICU admission. With an AUC 
of 0.99990, sensitivity of 99.22%, and specificity of 
99.69%, the model appears to be a potentially useful 
decision support tool in trauma management.

Beyond high predictive accuracy, the RFE meth-
od also identified key ICU admission predictors such 
as age, lactate, RTS, blood pressure, respiratory rate, 
and oxygen saturation. Moreover, the absence of sig-
nificant performance differences between blunt and 
penetrating trauma cases suggests the model’s applica-
bility across diverse trauma types.

This model is a promising tool for clinicians in 
emergency departments, where its speed and accuracy 
can enhance triage efficiency and improve patient out-
comes. To ensure clinical implementation, the model 
should be integrated into real-time decision support 
systems and validated through multicenter studies.

Recommendations for Future Research
Multicenter prospective validation studies should 

be conducted to test the generalizability of the model. 
The model should be integrated into real-time clinical 
decision-support systems and evaluated in emergen-
cy departments. Optimization and refinement efforts 
should continue to improve its clinical usability. Once 
validated, this model may establish a new standard in 
trauma management by enabling early identification of 
critically ill patients and optimizing the utilization of 
ICU resources.

CONCLUSION

This paper aimed to evaluate the efficacy of a 
novel machine learning–based risk scoring model for 
early and accurate identification of trauma patients 
requiring ICU admission. The model was compared 
with traditional scoring systems such as the Revised 
Trauma Score (RTS), Injury Severity Score (ISS), and 
New Injury Severity Score (NISS) and was found to be 
significantly superior.

Key findings showed that the new model achieved 
high accuracy (99.56%), sensitivity (99.22%), and 
specificity (99.69%), making it a better tool for pre-
dicting ICU admission than existing scoring systems. 

The strongest predictors identified by the Recursive 
Feature Elimination (RFE) method included age, lac-
tate level, RTS, systolic blood pressure, respiratory 
rate, and oxygen saturation.

Subgroup analysis demonstrated that the model 
performed similarly well for both blunt and penetrat-
ing trauma mechanisms. This supports the generaliza-
bility of the model across different types of trauma and 
suggests broad clinical applicability.

Clinically, the model’s speed and accuracy could 
assist emergency departments in rapidly identifying 
critically ill patients, potentially improving clinical de-
cision-making. Moreover, it could help optimize hos-
pital resource utilization by outperforming traditional 
scoring systems.

The results indicate that machine learning–based 
models can be effectively used in trauma patient man-
agement. However, as this was a single-center retro-
spective study, its applicability remains somewhat 
limited. Therefore, the model requires further testing 
in multicenter prospective studies involving diverse 
patient populations.

Future research should focus on real-time imple-
mentation of the model in clinical decision-support 
systems and assess its generalizability across differ-
ent healthcare settings. Machine learning–based risk 
scoring models have the potential not only to reduce 
healthcare costs but also to improve the quality of care 
provided to patients.

In conclusion, the model developed in this study 
shows promise as a decision-support tool for the early 
and specific identification of trauma patients requiring 
intensive care. Nonetheless, validation studies and in-
tegration into clinical workflows must be completed 
and proven effective in multicenter environments be-
fore widespread clinical use.
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Sažetak

RANO OTKRIVANJE PACIJENATA SA POVREDAMA KOJIMA JE  
POTREBNA INTENZIVNA NEGA U URGENTNOJ SLUŽBI:  

MODEL NOVE GENERACIJE ZA PROCENU RIZIKA
Boğa Erkan

Ministarstvo zdravlja Republike Turske, Državna bolnica Esenyurt Necmi Kadıoğlu, Istanbul, Turska

Uvod: Trauma ostaje vodeći uzrok smrti širom 
sveta; stoga je važno identifikovati pacijente kojima 
je potreban prijem u jedinicu intenzivne nege (JIN) u 
Urgentnoj službi (US). Trenutni sistemi bodovanja tra-
ume, kao što su Glasgow Coma Scale (GCS), Revised 
Trauma Score (RTS) i Injury Severity Score (ISS), ni-
su baš efikasni u predviđanju potreba za JIN. Primena 
prediktivnih modela zasnovanih na mašinskom učenju 
(ML) je novi pristup za poboljšanje procesa trijaže.

Cilj: Primarni cilj ove studije bio je razvoj i va-
lidacija modela bodovanja rizika zasnovanog na ma-
šinskom učenju za ranu identifikaciju pacijenata sa 
traumom kojima je potreban prijem u JIN iz urgentne 
službe. Studija je takođe imala za cilj proceniti pre-
diktivnu sposobnost ML modela u poređenju sa tradi-

cionalnim sistemima bodovanja kao što su GCS, RTS 
i ISS.

Metode: U Državnoj bolnici Esenyurt Necmi 
Kadıoğlu sprovedena je retrospektivna, opservaciona 
kohortna studija, u kojoj su prikupljeni podaci o paci-
jentima s traumom od 1. januara 2024. do 31. augusta 
2024. godine. U studiju je uključeno 1.500 pacijenata s 
traumom starosti ≥ 18 godina s kompletnim kliničkim, 
laboratorijskim i radiološkim dijagnostičkim podacima. 
Prediktivne varijable sastojale su se od demografskih 
podataka, mehanizma traume, vitalnih znakova, labo-
ratorijskih rezultata, radioloških dijagnostičkih nalaza i 
postojećih trauma skorova. Površina ispod krive (AUC), 
osetljivost, specifičnost, tačnost, pozitivna prediktivna 
vrednost (PPV) i negativna prediktivna vrednost (NPV) 
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korišćene su za obuku i evaluaciju ML algoritama (Lo-
gistička regresija, Slučajna šuma, Mašine potpornih vek-
tora, XGBoost i LightGBM). Model je upoređen s tradi-
cionalnim skoring sistemima korištenjem DeLong testa.

Rezultati: Od 1500 pacijenata, 50,73% (n = 
761) je zahtevalo prijem u Intenzivnu negu. Razvije-
ni ML model imao je AUC od 0,999, sa osetljivošću 
od 99,22%, specifičnošću od 99,69% i tačnošću od 
99,56%, što daleko nadmašuje tradicionalne sisteme 
bodovanja. Najjači prediktori prijema u intenzivnu ne-
gu bili su dob, nivo laktata, RTS, sistolni krvni priti-
sak, frekvencija disanja i zasićenost kiseonikom. Nije 
uočena značajna razlika u stopama prijema u intenziv-
nu negu između grupa sa tupom i penetrirajućom trau-

mom, što ukazuje na to da se sam mehanizam traume 
ne bi trebao koristiti kao prediktor.

Zaključak: Model bodovanja rizika zasnovan na 
mašinskom učenju pokazao je bolje prediktivne per-
formanse od tradicionalnih sistema bodovanja traume 
u identifikaciji pacijenata sa traumom kojima je potre-
ban prijem u intenzivnu negu. Integracija ovog modela 
u tokove rada Urgentnih službi može poboljšati trijažu 
i negu pacijenata. Međutim, pre kliničke implementa-
cije potrebna je validacija u multicentričnim prospek-
tivnim studijama.

Ključne reči: Mašinsko učenje, Pacijenti s trau-
mom, Prijem u intenzivnu negu, Model bodovanja ri-
zika, Urgentna medicina, Prediktivna analitika.
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Abstract: Introduction: Syncope is one of the 
most common reasons for seeking medical attention 
in the pediatric population. The underlying etiology 
ranges from benign causes to potentially life-threaten-
ing conditions.

Objective: This cross-sectional retrospective study 
aimed to cardiologically evaluate children presenting 
with syncope and identify potential predictive parame-
ters for cardiogenic syncope, the most dangerous type 
of syncope.

Patients and Methods: Data from 100 children 
aged 6 to 18 years who presented with syncope were 
retrospectively collected from medical records at the 
Pediatric Clinic of the Clinical Center of the Universi-
ty of Sarajevo between January 1, 2021, and Decem-
ber 31, 2022. Binary logistic regression was used to 
examine the predictive significance of the studied pa-
rameters.

Results: Of the 100 children with documented 
syncope, 71.0% were girls, with the peak incidence of 
syncope episodes occurring at age 15. There were no 
statistically significant differences in height, weight, 
or BMI between boys and girls. The most common 
cardiac diagnosis was sinus arrhythmia, while head-
ache was the most frequent non-cardiac symptom. 
Seventy-three percent of patients experienced more 
than one syncope episode, with the highest percentage 
occurring at school. Prodromal symptoms were pres-
ent in 87% of cases, whereas palpitations and chest 
pain prior to syncope were reported in 10% and 12% 
of cases, respectively. Among the 49 patients with ab-
normal ECG findings, 29% had sinus arrhythmia and 
25% had incomplete right bundle branch block. The 

most common echocardiographic finding was mild 
pulmonary valve regurgitation, which is considered a 
physiological variant. Of all studied parameters, only 
EEG demonstrated significant predictive value for car-
diogenic syncope (p = 0.035, EXP(B) = 2.99).

Conclusion: EEG findings have predictive signif-
icance for cardiogenic syncope in children. A border-
line EEG increases the odds of cardiogenic syncope by 
approximately threefold.

Keywords: syncope, pediatric population, EEG, 
echocardiography, predictive parameters, clinical 
characteristics, electrocardiography.

INTRODUCTION

With the advancement of modern medicine, there 
has been significant progress in diagnosing and under-
standing the pathophysiological mechanisms under-
lying disorders of consciousness in adults. However, 
diagnosing and managing disorders of consciousness 
in children continue to pose challenges for clinicians 
and researchers (1, 2). This difficulty is partly due to 
the limited ability of the pediatric population to report 
on their consciousness (3 ,4).

Consciousness can be divided into two domains. 
The first domain is “wakefulness,” referring to the level 
of consciousness or alertness. This component can be 
somewhat quantified using well-designed and univer-
sal methods that grade the level of consciousness. The 
second domain of consciousness, which is more resist-
ant to quantification, is “awareness,” referring to the 
content of consciousness. There is no objective way to 
quantify this component of consciousness. Disorders of 

CARDIOLOGICAL DIAGNOSTIC APPROACH  
TO CHILDREN WITH CONSCIOUSNESS DISORDERS

Mišanović Verica,1 Viteškić Selma,2 Begić Nedim,1 Mulać Ahmed,1 Dizdar Selma,1 
Anić Duško,1 Terzić Sabina,1 Kovačević Prstojević Jelena,3 Čengić Adisa,1 Begić Zijo,1  

Užičanin Sajra,1 Međedović Edin,4 Selimović Amina1

1 University Clinical Center Sarajevo, Pediatric Clinic, Sarajevo, Bosnia and Herzegovina 
2 Primary Health Care Center of Sarajevo Canton, Sarajevo, Bosnia and Herzegovina 

3 University Clinical Center Sarajevo, Clinic of Urology, Sarajevo, Bosnia and Herzegovina 
4 University Clinical Center Sarajevo, Clinic of Gynecology and Obstetrics, Sarajevo, Bosnia and Herzegovina

Primljen/Received: 25. 02. 2025. 	 Prihvaćen/Accepted: 12. 07. 2025. 	 Published online first 18. 07. 2025.



158	 Mišanović Verica, Viteškić Selma, Begić Nedim, Mulać Ahmed, Dizdar Selma, Anić Duško, Terzić Sabina, 
	 Kovačević Prstojević Jelena, Čengić Adisa, Begić Zijo, Užičanin Sajra, Međedović Edin, Selimović Amina	

these two domains of consciousness are heterogeneous 
and numerous, with qualitative disorders falling more 
within the domain of psychology and psychiatry.

Syncope represents a transient loss of conscious-
ness due to cerebral hypoperfusion, which can be be-
nign but also indicative of more serious health prob-
lems. Syncope is a common problem in pediatrics. 
According to data from some hospitals, syncope is the 
most common paroxysmal non-epileptic event causing 
changes in consciousness in children (5).

The minimum duration of sudden cerebral blood 
flow reduction that causes syncope is 6 to 8 seconds. 
Syncope occurs when blood flow to the brain is com-
promised, resulting in symptoms such as nausea, diz-
ziness, changes in visual fields, and ultimately loss of 
consciousness. Circulation does not necessarily need 
to be compromised for syncope to occur; sometimes 
the problem is a lack of oxygen or glucose in the blood.

Causes of inadequate blood flow to the brain can 
be different, and the most practical classification of 
syncope is based on etiology: neurological, orthos-
tatic, and cardiovascular. In the diagnosis of syncope, 
it is essential to start with a well-constructed medical 
history, both personal and family. The physical exami-
nation that follows this initial step is perhaps the most 
important part of the diagnostic process as it can help 
exclude potentially life-threatening conditions. In ad-
dition, blood tests are necessary, paying attention to 
parameters related to red blood cells, electrolytes, and 
blood glucose levels (2).

An ECG (Electrocardiogram) is a necessary step 
in diagnostics and treating patients presenting with 
syncope, and in cases of suspected cardiac etiology of 
these syncope episodes, it is essential to continue with 
tests including echocardiography, continuous mon-
itoring of cardiac rhythm, and possibly even cardiac 
enzymes. Ultimately, the tilt table test is indicated if 
patients present with recurrent episodes of syncope in 
the absence of a clear cardiac reason, in suspected vas-
ovagal syncope, and orthostatic hypotensive syncope.

Although a wide range of diagnostic methods and 
tests are available for the diagnostic treatment of syn-
cope, up to 45% of patients are discharged without a 
diagnosis. This speaks to the complexity of syncope, 
which requires multimodal approaches to treatment (6).

Neurological syncope is also known as neurocar-
diogenic or reflex syncope, and it includes vasovagal 
and situational syncope. Both occur due to inadequate 
cardiovascular reflexes that can lead to hypotension, 
bradycardia, or reduced cardiac output. The most com-
mon form of syncope in pediatric patients is vasovagal 
syncope. It is more common in children over 10 years 
old, with a predominance of females. It occurs after 
increased activation of the parasympathetic nervous 

system over the sympathetic nervous system, usually 
after exposure to a trigger. These triggers can be emo-
tional stress, phobias, or trauma. Conditions that favor 
the occurrence of this response to a trigger are hunger 
and exhaustion. Before the onset of vasovagal synco-
pe, children experience prodromal symptoms such as 
abdominal pain, dizziness, flushes of heat, or tunnel 
vision. Situational syncope occurs by a similar mech-
anism. The trigger is reduced preload, which causes 
stimulation of cardiac mechanoreceptors and subse-
quent activation of the parasympathetic nervous sys-
tem. This happens in certain situations such as sneez-
ing, coughing, micturition, defecation, after exercise, 
or lifting heavy weights. The diagnosis of neurological 
syncope is clinical and is based on the exclusion of 
other causes. Treatment is supportive, providing guid-
ance and advice to prevent its occurrence. It is recom-
mended to increase fluid and salt intake and assume 
a supine position in case of the onset of prodromal 
symptoms (2).

Orthostatic syncope occurs due to inadequate 
functioning of blood redistribution mechanisms and 
subsequent blood pressure drop upon changing from 
a sitting or supine position to a standing position. Nor-
mally, upon such a change in position, there is blood 
redistribution to the legs and splanchnic circulation. 
This causes decreased preload, and consequently, 
stroke volume, which activates a series of reflexes 
that increase sympathetic activity and normalize blood 
pressure. In cases where reflex mechanisms are com-
promised or hypovolemia is present, orthostatic syn-
cope will occur. The diagnosis of orthostatic syncope 
is based on measuring orthostatic vital signs. There are 
discrepancies in defining abnormal vital signs that will 
be considered “positive.” However, the most accepted 
parameters for the diagnosis of orthostatic hypoten-
sion are a drop in systolic blood pressure of at least 
20 mmHg or diastolic blood pressure of 10 mm Hg, 
measured within 3 minutes of changing from supine to 
standing position. The most common cause of orthos-
tatic syncope in children is hypovolemia. In children, 
changes in blood pressure do not have a significant 
impact because they are not as pronounced. Instead, 
an increase in heart rate of over 20 beats per minute 
upon changing from supine to standing position is sen-
sitive enough to detect hypovolemia. The diagnosis is 
made through a series of tests aimed at excluding other 
causes. A complete blood count may be done (to detect 
anemia), thyroid hormone levels (to detect thyrotox-
icosis), or an ECG (to exclude cardiac arrhythmias). 
Finally, the tilt-table test is performed to confirm intol-
erance to postural changes (7).

The treatment is supportive and largely overlaps 
with the treatment of neurologically induced syncope. 
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Sufficient hydration and salt intake, education, and 
regular physical activity represent first-line treatments.

Cardiac syncope can be divided into two groups: 
obstructive and arrhythmogenic. Obstructive syncope 
corresponds to structural causes, while arrhythmogen-
ic syncope corresponds to non-structural causes, as de-
scribed in two studies (8).

Obstructive or structural causes can arise from in-
trinsic and extrinsic reasons. Intrinsic causes involve 
congenital heart diseases, aortic stenosis, or hyper-
trophic cardiomyopathy. Extrinsic causes act on the 
heart and include pulmonary hypertension or embo-
lism.

Arrhythmogenic or non-structural syncope arises 
from disturbances in cardiac rhythm.

The most common structural causes of cardio-
vascular syncope are ischemic cardiomyopathy due to 
congenital anomalies of the coronary arteries, aortic 
stenosis, non-ischemic dilated cardiomyopathy, and 
hypertrophic obstructive cardiomyopathy.

It is not necessary for the heart to be morpholog-
ically altered for syncope to occur. Arrhythmias, de-
fined as deviations from the normal rhythm of cardi-
ac activity, can be divided into tachyarrhythmias and 
bradyarrhythmias, as well as a separate group of con-
genital channelopathies (8, 9).

There are numerous studies investigating these 
phenomena in children, but this is not the case in Bos-
nia and Herzegovina. Careful assessment and diagnos-
tic evaluation of children presenting with this type of 
consciousness disorder can reveal much and poten-
tially provide answers to questions crucial for further 
treatment of these children.

Cardiological evaluation is an essential aspect of 
conducting diagnostic assessments of children with 
consciousness disorders. Cardiologically induced syn-
cope represents the most dangerous type of syncope, 
indicating some form of cardiac issue. This study 
recognizes this fact and is designed to evaluate the 
presence of possible cardiac or other diseases and to 
investigate the presence of predictors that could aid 
in diagnosing cardiologically induced syncope. This 
study has general and specific objectives.

The general objective is to evaluate cardiac and 
other findings in children with consciousness disorders 
aged 6 to 18 years.

Aims of the paper:
1. To examine the sociodemographic characteris-

tics of children aged 6 to 18 years with consciousness 
disorders.

2. To individually assess predictors for syncope 
in children who have experienced consciousness dis-
orders.

3. To determine which predictor is most dominant 
in consciousness disorders among children.

PATIENTS AND METHODS

This is a cross-sectional retrospective study aimed 
at evaluating the medical histories, anamnesis, and 
other results of diagnostic tests of children presenting 
with syncope episodes. Data were collected from the 
medical records of patients hospitalized at the Pediat-
ric Clinic of the University Clinical Center in Sarajevo 
from January 2021 to December 2022.

Among all hospitalized children, subjects young-
er than 6 years old and those without complete find-
ings and measured parameters relevant to this study 
were excluded. One hundred patients who met all cri-
teria were included in the analysis.

In this study, we evaluated the medical histories, 
anamnesis, and results of various diagnostic tests in 
children presenting with syncope episodes. We col-
lected demographic information including age, gen-
der, weight, height, and body mass index (BMI), as 
these factors may influence the incidence and under-
lying causes of syncope. The medical history of each 
participant was examined carefully, with particular at-
tention to family history of consciousness disorders, 
heart diseases, and sudden death. Comorbidities such 
as epilepsy or neurological disorders, which could po-
tentially contribute to syncope, were also recorded.

Clinical parameters included blood pressure 
measurements (both systolic and diastolic), heart rate, 
and cardiac auscultation to identify any abnormalities, 
such as innocent systolic murmurs commonly found 
in children.

We included a variety of diagnostic tests to help 
determine the cause of syncope. These tests included:

1. Anamnestic data.
2. Blood pressure.
3. Heart rate.
4. ECG (Electrocardiogram) – The ECG was used 

to assess for conditions like sinus arrhythmia, incom-
plete right bundle branch block, and other abnormal 
findings that could indicate arrhythmias or other car-
diac abnormalities.

5. Echocardiography– Performed to evaluate pul-
monary valve regurgitation, which is a normal find-
ing in children, as well as to screen for any structural 
heart abnormalities that could contribute to syncope 
episodes.

6. Tilt Table Testing – Used to assess the presence 
of vasovagal syncope and evaluate whether the synco-
pe episodes had a cardiac origin.

7. Holter Monitoring – Involved continuous mon-
itoring of the heart’s electrical activity to detect ar-
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rhythmias or other abnormal heart rhythms that could 
be linked to syncope.

8. EEG (Electroencephalogram) – Used to detect 
signs of cerebral hypoperfusion, which may suggest 
that the syncope is related to a neurological origin. 
EEG results were also assessed for borderline read-
ings, which were found to be predictive of syncope 
related to cardiac disorders.

9. Blood Tests – If applicable, blood tests were 
conducted to rule out any metabolic or electrolyte 
imbalances that could contribute to the occurrence of 
syncope.

10. Each of these parameters was carefully eval-
uated to determine the underlying cause of syncope in 
our sample. The data were collected and analyzed to 
help differentiate between cardiac and non-cardiac 
causes of syncope in children, with particular empha-
sis on factors such as arrhythmias, structural heart dis-
eases, and neurological factors.

Statistical Analysis
Upon completion of the study, statistical data pro-

cessing was conducted. The statistical analysis of the 
obtained data was performed using SPSS software for 
Windows (version 19.0, SPSS Inc., Chicago, Illinois, 
USA) and Microsoft Excel (version 11, Microsoft Cor-
poration, Redmond, WA, USA).

To determine the distribution of continuous var-
iables, the Kolmogorov-Smirnov test was used (for 
samples larger than 50 subjects). For variables with-
out statistically significant deviations from a normal 
distribution, mean values were presented as arithmetic 
means and standard deviations (SD). Parametric tests 
(one-sample t-test and paired t-test) were applied to 
compare these variables to reference values and re-

peated measurements, as well as to analyze trends in 
changes.

Variables showing statistically significant devia-
tions from a normal distribution were presented using 
the median and interquartile range (25th–75th percen-
tile). Non-parametric tests (Wilcoxon rank-sum test, 
Friedman test for repeated measurements) were used 
to compare these variables to reference values, repeat-
ed measurements, and trends in changes.

Logistic regression was employed to examine 
how independent predictor variables in the study influ-
enced the outcome, specifically whether syncope was 
cardiologically induced or not.

A significance level of α = 0.05 was used to de-
termine statistical significance. Decisions regarding 
acceptance or rejection of hypotheses in the respective 
tests were based on the p-value (if p ≥ α, the hypothe-
sis was accepted; if p < α, the hypothesis was rejected).

RESULTS
In this sample, the girls had a mean age of 14.0 ± 

2.7 years, while the boys had a mean age of 13.5 ± 2.9 
years. There was no statistically significant difference 
in age between the groups (p = 0.390).

The average height of girls in this sample was 
160.95 ± 11.8 cm, and the average height of boys was 
161.24 ± 18.67 cm. There was no statistically signif-
icant difference in height between girls and boys (p 
= 0.920).The average weight of girls in this sample 
was 54.65 ± 14.78 kg, and the average weight of boys 
was 56.40 ± 19.15 kg. There was no statistically sig-
nificant difference in weight between girls and boys 
(p = 0.625).The average BMI for girls in this sample 
was 20.76 ± 3.95 kg/m², and for boys, it was 21.01 ± 
4.04 kg/m². There was no statistically significant dif-

Table 1. Sexual structure of the sample

Frequency Percentage Cumulative Percentage
Female 71 71.0 71.0
Male 29 29.0 100.0
Total 100 100.0

Table 2. Average values ​​of BMI, height and weight among the subjects

Sex n Mean value Standard  
deviation (SD)

Standard  
error (SE) p

Height (cm)
Female 71 160.95 11.786 1.399

0.920
Male 29 161.24 18.671 3.467

Weight (kg)
Female 71 54.65 14.786 1.755

0.625
Male 29 56.40 19.158 3.557

BMI (kg/m2)
Female 71 20.766 3.9583 0.4698

0.782
Male 29 21.010 4.0480 0.7517
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ference between the BMI values of girls and boys (p 
= 0.782).

A positive family history of consciousness dis-
orders was present in 2.0% of the children, a posi-
tive family history of heart diseases in 17.0%, and 
a positive family history of sudden death in 2.0% 
(Table 3).

In addition to cardiological conditions, non-cardi-
ological diseases were also examined. No non-cardio-
logical disease was recorded in 45 children (45.0%), 
meaning that more than half (55.0%) of the children 
with documented syncope had at least one non-cardi-
ological condition.

A total of 40 different non-cardiological diseases 
were recorded among the patients in this sample. The 
data show that the most common non-cardiological 
symptom among children with consciousness disor-
ders was headache.

The earliest recorded age at which the first con-
sciousness disorder occurred in these patients was 2 
years, and the latest age was 18 years. The average age 
at which patients experienced a consciousness disor-
der was 13.0 ± 3.30 years (Table 4, Figure 1).

Normal systolic and diastolic blood pressure was 
observed in 73.0% and 64.0% of the subjects, respec-
tively. Decreased systolic blood pressure was recorded 

in 25.0% of the subjects, and decreased diastolic blood 
pressure in 23.0%. Elevated systolic blood pressure 
was noted in 2.0% of the children, while elevated dias-
tolic blood pressure was seen in 13.0%.Normal heart 
rate was recorded in 67.0% of the subjects. Decreased 
heart rate was observed in 5.0%, and increased heart 
rate in 28.0% of the children (Table 5).

The average values of systolic blood pressure 
were 113.49 ± 13.42 mmHg (Figure 2).

The average values of diastolic blood pressure 
were 67.52 ± 10.18 mmHg.

The average heart rate was 94.66 ± 17.36 beats 
per minute (Figure 4).

Table 3. Family history of consciousness disorders, heart diseases, and sudden death

Family history Outcome Number 
(n)

Percentage 
(%)

Positive family history  
of the consciousness disorders

No 98 98.0
Yes 2 2.0

Positive family history  
of heart disorders

No 83 83.0
Yes 17 17.0

Positive family history  
of sudden death

No 98 98.0
Yes 2 2.0

Table 4. Age when the first syncope occurred

N Min Max Mean value Standard 
deviation (SD)

Age when the first syncope occurred 100 2 18 13.00 3.301

Table 5. Blood pressure and heart rate values in the examined sample

Variable Systolic BP Diastolic BP Heart rate

Value Number 
(n)

Percentage
%

Number 
(n)

Percent-
age% Value Number 

(n)

Percentage
%

Low 25 25.0 23 23.0 Low 5 5.0
Normal 73 73.0 64 64.0 Normal 67 67.0

High 2 2.0 13 13.0 High 28 28.0

Figure 1. Age distribution of subjects with 
consciousness disorders
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Figure 2. Distribution of the systolic 
blood pressure value

Figure 3. Distribution of the diastolic blood pressure

Figure 4. Distribution of the heart rate

Figure 5. Tilt table test

Table 6. The impact of sex, age, height, weight, and BMI on cardiologically caused syncope

B S.E. Wald df p. Exp(B)
Sex -0.378 0.474 0.638 1 0.425 0.685

Age 0.174 0.128 1.869 1 0.172 1.190
Height (cm) -0.110 0.077 2.040 1 0.153 0.896
Weight (kg) 0.086 0.111 0.593 1 0.441 1.089
BMI (kg/m2) -0.214 0.294 0.533 1 0.465 0.807
Constant 15.951 11.841 1.814 1 0.178 8459691.848

Table 7. The impact of positive family history of consciousness disorders,  
heart diseases, and sudden death on cardiologically caused syncope

B S.E. Wald df p Exp(B)

Step 
1(a)

Positive family history  
of consciousness disorders 20.392 28420.722 0.000 1 0.999 718.511

Positive family history  
of heart disorders 0.544 0.640 0.722 1 0.395 1.723

Positive family history  
of sudden death -0.811 1.537 0.279 1 0.598 0.444

Constant 0.267 0.221 1.449 1 0.229 1.306

Out of 100 subjects, the tilt table test was normal 
in 68 (68.0%), borderline in 6 (6.0%), and positive in 
26 (26.0%) (Figure 5).

Using binary logistic regression, we examined, in 
the following tables, the impact of independent pre-

dictors—variables in the study—on the outcome, spe-
cifically whether syncope was cardiologically caused 
or not.

The predictive significance of sex, age, height, 
weight, and BMI on whether syncope was cardio-
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logically caused (yes/no) was examined using binary 
logistic regression. None of these predictors showed a 
significant impact, with p > 0.05 (Table 6).

The predictive significance of a positive family 
history of consciousness disorders, heart diseases, and 
sudden death on whether syncope was cardiologically 
caused (yes/no) was examined using binary logistic 
regression. None of these predictors showed a signifi-
cant impact, with p > 0.05 (Table 7).

The predictive significance of the presence of car-
diological and non-cardiological diseases on whether 
syncope is cardiologically caused (yes/no) was exam-
ined using binary logistic regression. None of these 
predictors showed a significant impact, with p > 0.05 
(Table 8).

The predictive significance of the age of first syn-
cope, number of syncopes, palpitations, chest pain, 
other prodromal symptoms, and the situation in which 
it occurred on whether syncope is cardiologically 
caused (yes/no) was examined using binary logistic re-
gression. Ninety patients had palpitations before syn-
cope, and eighty-seven patients had prodromal symp-
toms. None of the listed predictors had a significant 
impact, with p > 0.05 (Table 9).

The most prevalent cardiological condition was car-
diac arrhythmia, observed in 11 children, accounting for 
11.0% of the total number of children in the sample and 
50.0% of those with any cardiological disease. The oth-
er causes were stenocardia in 2 patients and congenital 
heart diseases (after surgical corrections) in 5 patients.

Regarding echocardiography, 3 patients had triv-
ial tricuspid regurgitation, 2 had trivial mitral regur-
gitation, and 12 patients had mild regurgitation of the 
pulmonary valve, which is considered a physiological 
finding. Additionally, 1 patient had a surgically cor-
rected atrioventricularseptal defect (AVSD), 1 had a 
tumorous mass in the right ventricle, 1 had mitral valve 
prolapse, and 1 had an atrial septal defect (ASD).

The predictive significance of systolic blood pres-
sure, diastolic blood pressure, and heart rate on whether 
syncope is cardiologically caused was examined using 
binary logistic regression. None of the listed predictors 
had a significant impact, with p > 0.05 (Table 10).

The predictive significance of the tilt table test 
and Holter ECG on whether syncope is cardiological-
ly caused (yes/no) was examined using binary logistic 
regression. Neither of these predictors showed a sig-
nificant impact, with p > 0.05 (Table 11).

B S.E. Wald df p Exp(B)

Step 
1(a)

Cardiac diseases 0.517 0.520 0.988 1 0.320 1.676
Non-Cardiac diseases -0.764 0.422 3.275 1 0.070 0.466
Constant 0.689 0.337 4.173 1 0.041 1.993

Table 8. The impact of the presence of cardiological  
and non-cardiological diseases on cardiologically caused syncope

B S.E. Wald df p Exp(B)
Age of the first syncope -0.080 0.070 1.330 1 0.249 0.923
Number of syncopes 0.858 0.500 2.950 1 0.086 2.359
Palpitations before syncope 1.285 1.288 0.996 1 0.318 3.615
Pain chest before syncope -1.699 1.193 2.029 1 0.154 0.183
Prodromal symptoms before syncope -0.883 0.701 1.586 1 0.208 0.414
Situation in which syncope occurred -0.059 0.057 1.046 1 0.306 0.943
Constant 1.954 1.242 2.473 1 0.116 7.055

Table 9. The Impact of the age of first syncope, number of syncopes, palpitations, chest pain,  
other prodromal symptoms, and the situation in which it occurred on cardiologically caused syncope

Table 10. The impact of systolic blood pressure, diastolic blood pressure,  
and heart rate on cardiologically caused syncope

B S.E. Wald df Sig. Exp(B)
Systolic BP -0.007 0.020 0.126 1 0.722 0.993
Diastolic BP -0.032 0.027 1.430 1 0.232 0.968
Heart rate -0.017 0.012 1.828 1 0.176 0.984
Constant 4.938 2.279 4.693 1 0.030 139.502
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The significance of EEG findings (normal or bor-
derline) on whether syncope is cardiologically caused 
(yes/no) was examined using binary logistic regres-
sion. EEG was found to be a significant predictor with 
p = 0.035 and EXP(B) = 2.99 (Table 12).

For each borderline EEG reading, the odds of 
syncope being cardiologically caused are approxi-
mately three times higher in our sample. In the broader 
population, this odds ratio ranges from 1 to 8 times.

A “borderline EEG” in children refers to an elec-
troencephalogram (EEG) result that shows subtle, 
non-specific, or mildly abnormal findings.

The chi-square test of independence showed an 
association between EEG and syncope with X² = 4.66, 
p = 0.031. Among the 41 subjects who did not have 
cardiologically caused syncope, 35 (85%) had a neg-
ative EEG and 6 (14.6%) had a positive EEG. Among 
the 59 subjects with cardiologically caused syncope, 
20 (33.9%) had a borderline EEG and 39 (66.1%) had 
a negative EEG.

DISCUSSION
Syncope is a common issue in pediatric popula-

tions and has been extensively studied over the years. 
According to data from several studies (10), approxi-
mately 20% of boys and 40% of girls experience syn-
cope episodes by the age of 18. Our study supports 
these findings, with 71.0% of syncope patients being 
female and 29.0% male, showing a higher prevalence 
of syncope in females. 

Two other studies (11, 12) also report a similar 
gender distribution in syncope prevalence. Anoth-
er study (13) indicates a higher incidence of synco-
pe among female adolescents compared to males 
(31.72% vs. 26.25%, P < 0.05). Our results align with 
these, with 71.0% of patients being female. The peak 
incidence at age 15 further corroborates previous re-
search done by other authors (14).

Despite exploring potential predictors such as gen-
der, age, weight, height, and BMI, our logistic regres-
sion analysis found no statistically significant impact 
on syncope of cardiac origin. However, BMI has been 
noted in other studies (15) as a potential risk factor for 
vasovagal syncope. Family history of cardiac diseases 
did not predict syncope in our study, contrasting with 
earlier research (16) which reported a positive correla-
tion in 17% of cases. Most participants in our study did 
not have cardiac conditions (78.0%), with arrhythmias 
being the most common among those who did.

Our findings differ from previous studies (17, 18), 
which reported lower rates of cardiac involvement in 
pediatric syncope. Prodromal symptoms such as dizzi-
ness were common but were not predictive of cardiac 
syncope in our sample. Cardiac auscultation was most-
ly normal (71.0%), with innocent systolic murmurs 
widely observed. Blood pressure readings were nor-
mal in most cases (73.0% systolic, 64.0% diastolic), 
consistent with the known association of low blood 
pressure with vasovagal syncope. A large portion of 
our participants (78.0%) had no cardiac abnormali-

B S.E. Wald df Sig. Exp(B)
Tilt table test 0.108 0.238 0.204 1 0.651 1.114
Holter ECG 18.291 10524.227 0.000 1 0.999 990.929
Constant 0.232 0.247 0.879 1 0.348 1.261

Table 11. The impact of Tilt table test and holter ECG on cardiologically caused syncope

Table 12. The predictive significance of EEG findings on cardiologically caused syncope

B S.E. p Exp(B) 95,0% C.I.forEXP(B)
Lower Upper

EEG 1.096 0.520 0.035 2.991 1.079 8.297
Constant 0.108 0.233 0.642 1.114

Table 13. The relationship between EEG and cardiologically caused syncope

EEG TotalNormal Borderline

Cardiac syncope
no Number 35 6 41

% 85.4 14.6 100,0

yes Number 39 20 59
% 66.1 33.9 100.0

Total Number 74 26 100
% 74.0 26.0 100.0
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ties, with arrhythmias being the most frequent finding 
among those with cardiac conditions.

However, our results diverge from those of Nand-
ini et al, who observed a higher rate of structural heart 
diseases as the main cause of syncope in children 
while arrhythmias were less prevalent. This discrepan-
cy might be due to differences in study populations or 
diagnostic criteria (19).

Arrhythmias in children are increasingly recog-
nized and differ significantly from those in adults (20, 
21). In our study, ECG and echocardiogram abnor-
malities were found in 49.0% and 19.0% of cases, re-
spectively, with sinus arrhythmia and incomplete right 
bundle branch block common on ECG (both normal 
pediatric findings), and mild pulmonary valve regurgi-
tation, a normal echocardiographic finding. Tilt table 
testing and Holter ECG did not predict cardiac synco-
pe in our sample, consistent with the low percentage of 
abnormal Holter results (4.0%).

Interestingly, EEG showed predictive value for 
cardiac-related syncope in our study, contrasting with 
its limited diagnostic value reported elsewhere. EEG 
findings consistent with cerebral hypoperfusion were 
seen across syncope types. Despite this, the diagnostic 
significance of EEG varies among syncope etiologies.

The peak incidence observed at age 15 in our 
study further aligns with findings by Park et al. which 
report syncope as being more frequent in adolescents, 
particularly between 12 and 16 years of age (22).

Among the 100 children studied, 78.0% had no 
cardiovascular disease, while 22.0% did. Arrhythmias 
were the most common heart disease in our cohort. A 
particularly noteworthy finding in our study is the sig-
nificant predictive value of EEG in diagnosing cardiac 
syncope, a topic not widely explored previously. While 
EEG generally has limited value in diagnosing syncope 
without neurological symptoms, our data suggest that 
borderline EEG results are strongly associated with 
cardiac-origin syncope. This contrasts with Dantas et 
al. (2012), who found EEG useful mainly when neuro-
logical involvement was evident. In our population, the 
odds of cardiac syncope were approximately three times 
higher in children with borderline EEG findings (23).

CONCLUSION
The study identified syncope episodes peaking at 

age 15 among girls, with arrhythmia as the predomi-
nant cardiac condition. Despite non-cardiac ailments 
such as headaches being prevalent, most participants 
had normal cardiovascular parameters,including blood 
pressure and heart rate. The findings underscore the 
importance of considering both cardiac and non-car-
diac factors in diagnosing and managing syncope in 
adolescents. Additionally, EEG emerged as a valuable 

predictor for identifying syncope related to cardiac 
disorders in children and adolescents aged 6 to 18. 
These insights highlight the complex nature of synco-
pe etiology and the need for comprehensive diagnostic 
approaches in clinical practice.

This may reflect the developing brain’s greater 
susceptibility to cerebral hypoperfusion, which can 
produce transient EEG changes such as generalized 
slowing or borderline abnormalities. Such findings 
highlight the importance of considering age-specific 
physiological responses when interpreting EEG in the 
context of syncope.
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Uvod: Sinkopa je jedan od najčešćih razloga tra-
ženja medicinske pomoći u pedijatrijskoj populaciji. 
Etiologija može varirati od benigne do potencijalno 
opasne po život.

Cilj: Cilj ove retrospektivne studije preseka bio je 
kardiološka evaluacija dece sa sinkopom i otkrivanje 
potencijalnih prediktornih parametara za kardiološki 
uzrokovanu sinkopu, koja je najopasniji oblik sinkope.

Učesnici i metode: Podaci o 100 dece uzrasta od 
6 do 18 godina koji su se javili sa sinkopom prikupljeni 
su iz medicinske dokumentacije Pedijatrijske klinike 
Kliničkog centra Univerziteta u Sarajevu u periodu od 
01. 01. 2021. do 31. 12. 2022. Binarnom logističkom 
regresijom ispitana je prediktivna značajnost parame-
tara koje je ovo istraživanje obuhvatilo.

Rezultati: Od 100 dece sa zabeleženom sinko-
pom, 71,0% su bile devojčice, a najveći broj epizoda 
sinkope zabeležen je u dobi od 15 godina. Nije bilo 
statistički značajne razlike u visini, težini i BMI vred-
nostima između dečaka i devojčica. Najčešće kardio-
loško oboljenje bila je sinusna aritmija, dok je najčešći 

nekardiološki simptom bila glavobolja.Više od jedne 
episode sinkope imalo je 73,0% dece, a najveći broj 
epizoda dogodio se u školi. Prodromalni simptomi su 
bili prisutni kod 87,0% ispitanika, dok su palpitacije 
i bol u prsima pre sinkope zabeležene kod 10,0% i 
12,0% dece. Od 49 ispitanika koji nisu imali uredan 
EKG nalaz, 29,0% imalo je sinusnu aritmiju, a 25,0% 
nepotpuni blok desne grane. Najčešći EHO nalaz kod 
pacijenata bila je blaga regurgitacija pulmonalne val-
vule, što se smatra fiziološkim nalazom.Nijedan od 
ispitivanih parametara nije imao prediktivni značaj za 
kardiološki uzrokovanu sinkopu osim EEG-a, koji se 
pokazao kao značajan prediktor (p = 0,035, EXP(B) 
= 2,99).

Zaključak: EEG ima prediktivni značaj za kar-
diološki uzrokovanu sinkopu, pri čemu je verovatnoća 
da je sinkopa kardiološkog porekla otprilike tri puta 
veća kod deteta sa graničnim EEG nalazom.

Ključne reči: Sinkopa, pedijatrijska populacija, 
EEG, ehokardiografija, prediktivni parametri, kliničke 
karakteristike, elektrokardiografija.
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Abstract: Introduction: Depression is the most 
common neuropsychological complication of stroke. 
It affects quality of life, prolongs hospitalization, and 
leads to more frequent doctor visits. The incidence 
of depression after stroke ranges from 18% to 33%. 
About 6–15% of patients develop epilepsy following 
stroke. Patients with post-stroke epilepsy tend to expe-
rience depression more frequently.

Objective: The aim of this study was to compare 
the incidence of depression during the first year after 
stroke in patients who developed epilepsy versus those 
who did not.

Patients and Method: We tested patients during 
the first year after stroke, treated at the Department 
of Neurology, General Hospital Nikšić, Montenegro. 
Two groups of 60 patients each were assessed: one 
group with post-stroke epilepsy and the other without 
epilepsy. Depression was measured using the Ham-
ilton Depression Scale. Statistical analysis included 
mean values, t-test, and Chi-square test (χ²). A signifi-
cance level of p < 0.05 was used for all tests.

Results: The incidence of depression after stroke 
was high among our patients. Depression prevalence 
in the post-stroke epilepsy group was 55%, while it 
was 26.7% in the group without epilepsy.

Conclusion: Patients with epilepsy have almost 
twice the incidence of depression compared to those 
without epilepsy after stroke (p < 0.05). These pa-
tients require special monitoring and more frequent 
follow-ups. Early detection of epilepsy and timely 
initiation of treatment with appropriate antiepileptic 
drugs, along with early management of depression, are 
important to prevent suicide and mortality and to im-
prove quality of life.

Keywords: post-stroke depression, post-stroke ep-
ilepsy.

INTRODUCTION
Depression is the most common neuropsycholog-

ical complication of stroke (STS). Post-stroke depres-
sion (PSD) often remains undiagnosed and untreated, 
despite its significant impact on rehabilitation out-
comes and quality of life (1). Patients with PSD have 
an increased risk of mortality compared to those who 
do not develop depression after STS. The incidence 
of PSD is estimated to range from 18% to 33%, with 
some authors reporting that it occurs in one in three 
people after STS (2, 3). Most stroke patients expe-
rience their first depressive episode within the first 
few years following the stroke (4). One of the most 
commonly used scales for assessing depression is the 
Hamilton Depression Rating Scale (HAM-D) (5).

The association between stroke location and the 
occurrence of PSD has not been consistently con-
firmed, but PSD is more frequently observed with le-
sions in the frontal regions, left hemisphere, and basal 
ganglia. Independent predictors of PSD development 
within the first year after stroke include a history of 
mental disorders, degree of physical disability, and 
level of social support (6).

Post-stroke epilepsy (PSE) occurs in 6% to 15% 
of patients. Risk factors for PSE include cortical lesion 
location, stroke severity, early symptomatic seizures, 
involvement of the anterior cerebral circulation, and 
hemorrhagic stroke (7). The highest risk for devel-
oping PSE is during the first year, with over 80% of 
patients developing epilepsy within two years after 
stroke. The choice of antiepileptic drugs in patients 
with depression presents a particular challenge, as 
does the selection of antidepressants in patients receiv-
ing antiepileptic treatment (8).

Although PSD and PSE are relatively well-stud-
ied individually, few studies have analyzed their as-
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sociation, especially in the early post-acute period. 
The combination of these complications may worsen 
neurological outcomes, prolong recovery, and require 
a more complex therapeutic approach (9,10). This 
study aims to compare the incidence of depression in 
patients with and without post-stroke epilepsy during 
the first year after stroke.

PATIENTS AND METHODS

A total of 120 patients diagnosed with stroke and 
treated at the General Hospital Nikšić in Montenegro 
were included in the study. The research was conduct-
ed during the first year after stroke. The first group 
consisted of 60 patients who developed epilepsy fol-
lowing the stroke, while the control group consisted of 
60 patients with MU who did not experience epileptic 
seizures.

The inclusion criterion was that at least 14 days 
had passed since the stroke. Patients with previously 
diagnosed and treated depression were excluded. In 
patients with post-stroke epilepsy (PSE), seizures first 
appeared at least 7 days after the stroke, thereby fulfill-
ing the criteria for late post-stroke epilepsy.

Basic demographic data (age and gender), type of 
stroke—ischemic or hemorrhagic (intracerebral hem-
orrhage)—and lesion location (cortical or subcortical) 
were collected. Stroke severity was assessed using the 
National Institutes of Health Stroke Scale (NIHSS) and 
classified as mild (≤ 6 points) or severe (7–21 points).

Depression was assessed using the Hamilton De-
pression Rating Scale (HAM-D). Based on the score, 
results were categorized as follows: no depression 
(0–7 points), mild (8–13 points), moderate (14–17 
points), and severe depression (≥ 18 points).

Appropriate descriptive and inferential statistical 
tests, including mean, t-test, and chi-square test (χ²-
test), were used for data analysis. To compare differ-
ences between two independent groups, the nonpara-
metric Mann-Whitney U test was applied. Statistical 
significance was determined at p < 0.05.

The study was conducted in accordance with the 
ethical principles of the Declaration of Helsinki and 
approved by the Ethics Committee of the General Hos-
pital Nikšić. All participants provided informed con-
sent before participation, following oral and written 
explanations of the study’s purpose, procedures, and 
possible risks.

RESULTS
The average age of patients with depression after 

MU in the PSE group was M = 69.00 (SD ± 8.97), 
while patients without PSE were slightly younger on 
average, M = 66.59 (SD ± 10.52). A t-test for large 
independent samples showed that this difference was 
not statistically significant (p = 0.212) (Table 1).

Among stroke patients who developed PSE, de-
pression was more common in men (63.3% vs. 36.7%), 
whereas in stroke patients without epilepsy, depression 
was more common in women (56.7% vs. 43.3%) (p < 
0.05).

PSD was significantly more frequent in patients 
with PSE compared to those without PSE (p < 0.005).

Patients with PSE had significantly higher rates of 
moderate depression compared to those without PSE 
(20.0% vs. 8.3%). Severe depression was also signifi-
cantly more common among post-stroke patients who 
developed epilepsy compared to those without epilep-
sy (21.7% vs. 3.3%).

No significant difference was observed in the fre-
quency of PSD between patients with and without PSE 
in relation to stroke type and lesion location (Table 2).

When analyzing individual items within the 
HAM-D scale, our results indicate that depressed mood, 
feelings of guilt, and agitation are significantly more 
frequent in patients with stroke and epilepsy compared 
to those with stroke without epilepsy (Table 3).

DISCUSSION
In our group of stroke patients who did not devel-

op epilepsy, depression was registered in 26.7% of the 
subjects (16/60), which is consistent with other studies 
reporting depression in 20–50% of patients during the 
first year after stroke (1, 2). Studies with longer fol-
low-up periods have shown that the rate of depression 
significantly increases (3, 4). However, in our study, 
patients were followed only for one year after stroke.

In the group of patients who developed post-
stroke epilepsy (PSE) during the first year after stroke, 
the prevalence of depression was almost twice as high 
– 55% (33/60). Nearly half of these patients had a sig-
nificant level of depression: 20% had moderate, and 
21.7% had severe depression. These findings align 
with previous studies (10, 11).

Analysis of individual HAM-D items showed that 
patients with PSE more frequently exhibited depressed 

Table 1. Average age of patients with depression after stroke

M SD t df p
Stroke with EPI 69.00 8.97

1.257 107 0.212
Stroke ohne EPI 66.59 10.52
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Table 2. Comparative analysis of the frequency of PSD in patients with and without PSE

Stroke  
with epilepsia

Stroke 
without epilepsia χ2 df p

N % N %

Gender
Male 38 63.3% 26 43.3%

4.821 1 0.028 *Female 22 36.7% 34 56.7%
Total 60 100.0% 60 100.0%

Ischemic stroke
Cortical 25 78.1% 29 63.0%

2.015 1 0.156Subcortical 7 21.9% 17 36,9%
Total 32 100.0% 46 100.0%

Hemorrhagic stroke
Cortical 21 75.0% 10 71.4%

0.062 1 0.803Subcortical 7 25.0% 4 44.0%
Total 28 100.0% 14 100.0%

Hemisphere
Right 19 31.7% 23 38.3%

0.586 1 0.444Left 41 68.3% 37 61.7%
Total 60 100.0% 60 100.0%

Stroke severity 
(NIHHS)

Severe 38 59.6% 32 62.9%
0.234 1 0.267Mild 22 40.4% 28 37.1%

Total 60 100.0% 60 100.0%

HAM-D

Not depressed 27 45.0% 44 73.4%

15.078 3 0.002 *
8-13 (mild) 8 13.3% 9 15.0%
14-17 (moderate) 12 20.0% 5 8.3%
> 17 (severe) 13 21.7% 2 3.3%
Total 60 100.0% 60 100.0%

Legends: Statistically Significant Difference; HAM-D – Hamilton Depression Rating Scale; NIHSS – National Institutes of Health 
Stroke Scale; PSD – post-stroke depression; PSE – post-stroke epilepsy.

Table 3. Intergroup comparison based on the Mean score of the HAM-D scale

HAM-D scale

Mean score

U-value Z-score pStroke 
with 

epilepsia

Stroke 
without 
epilepsia

Depressed mood 2.6 2.0 5.5 -2.3 0.019 *
Feelings of guilt 3.0 1.0 2.5 1.9 0.023 *
Suicide 2.1 3.0 9.0 1.3 0.097
Insomnia: early in the night 1.9 2.0 17.0 0.0 0.500
Insomnia: middle of the night 1.2 1.4 10.0 -0.42 0.34
Insomnia: early hours of the morning 2.0 1.0 12.5 0.10 0.46
Work and activities 2.5 3.0 35.0 0.55 0.29
Retardation 1.2 1.4 10.0 -0.42 0.34
Agitation 3.0 1.2 7.5 1.93 0.031 *
Anxiety psychic 3.0 1.5 43.0 1.18 0.12
Anxiety somatic 2.3 3.0 42.0 0.36 0.36
Somatic symptoms gastro-intestinal 1.4 1.2 17.0 0.0 0.50
General somatic symptoms 2.0 2.0 26.0 0.11 0.46
Genital symptoms 1.5 2.0 12.5 0.10 0.46
Hypochondriasis 2.5 1.5 12.5 0.10 0.46
Loss of weight 1.7 1.0 5.5 1.36 0.09
Insight 1.5 1.0 5.0 1.46 0.07

Legends: *Statistically Significant Difference, HAM-D - Hamilton Depression Rating Scale
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mood, feelings of guilt, and agitation compared to pa-
tients without epilepsy. The literature describes an 
atypical presentation of depressive disorders in in-
dividuals with epilepsy, which, alongside depressed 
mood, includes a pleomorphic pattern of symptoms 
such as affective disturbances, pronounced agitation, 
and irritability (10). Therefore, treatment of these pa-
tients is complex and requires not only appropriate 
selection of antidepressants but also mandatory psy-
chotherapy (12).

Recognition and timely treatment of post-stroke 
depression (PSD) are crucial, given its association with 
increased risk of suicide, poorer quality of life, and 
higher treatment costs. Additionally, PSD is linked to 
an increased risk of recurrent cerebrovascular events, 
which may further affect mortality after stroke (8, 12).

PSD most commonly develops within the first few 
months post-stroke, with peak prevalence between 6 
and 24 months. However, in some patients, symptoms 
may persist up to five years after the event (4–12).

Risk factors for depression in patients with epi-
lepsy include older age, lower education level, irregu-
lar use of antiepileptic drugs, and presence of anxiety 
(13, 14). Thus, patients with PSE require increased 
clinical supervision.

PSD typically lasts from 6 to 24 months, with 
5–10% of patients experiencing symptoms beyond two 
years. Although about half of patients show signifi-
cant symptom reduction within the first eight weeks, 
the treatment goal remains complete remission. By six 
months, approximately 50% achieve remission, and 
about two-thirds within two years. However, 15–20% 
of patients do not respond to antidepressant therapy 
(15).

Diagnosing epileptic seizures in elderly patients 
can be challenging, as they often cannot clearly de-
scribe seizure symptoms. Early recognition of epi-
lepsy is essential for timely initiation of antiepileptic 
treatment. Special attention is warranted for patients 
with severe neurological deficits, permanent disability, 
extensive cortical damage, and hemorrhagic stroke, as 
they represent a high-risk group for developing PSE 
(3, 13–19).

Early-onset PSD responds better to treatment 
within the first year, while remission is significantly 
less common with late onset (12). Some studies report 
higher PSD prevalence in women, especially during 
the first months after stroke, though gender differences 
tend to diminish over time (16). In our study, depres-
sion was more common in women without epilepsy 
(56.7%), while among patients with PSE, depression 
was more frequent in men (63.3%). A higher frequen-
cy of PSE in males has been confirmed in other studies 
(17, 18), consistent with our findings.

A meta-analysis by Yang et al. showed a strong 
association between epilepsy and increased risk of 
depression. Depression in epilepsy patients can hin-
der therapy response, worsen the condition, reduce 
quality of life, and increase suicide risk (19). Patients 
with stroke and epilepsy exhibit significantly higher 
rates of depressive mood. Other authors confirm that 
depression impacts epilepsy control, with more severe 
depression linked to more severe epilepsy forms. A 
Turkish study reported that about 30% of epilepsy pa-
tients develop moderate to severe depression, indicat-
ing high prevalence (20).

A lack of personalized treatment approaches often 
leads to failure to achieve remission with the first an-
tidepressant. Emerging evidence supports developing 
decision-making tools to tailor treatment choices to in-
dividuals, potentially improving depression outcomes. 
Identifying depression subtypes, considering symp-
toms underrepresented in current diagnostic frame-
works, is important. While depression severity guides 
treatment decisions, it is insufficient alone (21).

Individualized care planning that identifies fac-
tors contributing to depression, incorporates patient 
habits and needs, and actively involves patients in 
goal-setting and treatment planning improves treat-
ment outcomes. Techniques such as problem-solving, 
motivational interviewing, and behavioral activation 
have proven effective (22). Psychological support 
methods encourage active patient participation in care 
development (8, 10, 22).

CONCLUSION

This study highlights the importance of ear-
ly detection of depression after stroke. It is equally 
important to identify depression in all patients with 
post-stroke epilepsy (PSE) to ensure timely and ap-
propriate treatment, thereby reducing mortality in this 
population. Early identification of patients at risk for 
developing post-stroke depression (PSD) may enable 
targeted preventive measures or prompt initiation of 
effective antidepressant therapy.

Abbreviations
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HAM-D – Hamilton Depression Rating Scale
PSD – Post-stroke Depression
PSE – Post-stroke Epilepsy
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Uvod: Depresija je najčešća neuropsihološka 
komplikacija moždanog udara. Ona utiče na kvalitet 
života, produžava dužinu hospitalizacije i zahteva če-
šće posete lekaru. Incidenca depresije nakon možda-
nog udara kreće se od 18 do 33%. Oko 6–15% pacije-
nata nakon moždanog udara ima epilepsiju. Pacijenti 
koji razviju epilepsiju kao posledicu moždanog udara 
češće imaju depresiju.

Cilj: Cilj naše studije bio je da uporedimo učesta-
lost depresije kod pacijenata tokom prve godine nakon 
moždanog udara, koji su razvili epilepsiju, sa onima 
koji nisu imali epilepsiju.

Pacijenti i Metode: Ispitivali smo pacijente to-
kom prve godine nakon moždanog udara, koji su leče-
ni na Odeljenju za neurologiju Opšte bolnice Nikšić u 
Crnoj Gori. Prisustvo depresije testirano je u dve gru-
pe od po 60 pacijenata: jedna grupa je imala epilepsiju 
nakon moždanog udara, dok druga nije. Testiranje je 
obavljeno pomoću Hamiltonove skale za depresiju. Za 

statističku analizu korišćeni su standardni testovi: arit-
metička sredina, t-test i hi-kvadrat test (χ²-test). Stati-
stički značajnim smatran je nivo od 95% (p < 0,05).

Rezultati:Učestalost depresije nakon moždanog 
udara je visoka kod naših pacijenata. Prevalenca de-
presije kod pacijenata koji su imali epilepsiju nakon 
moždanog udara iznosi 55%, dok je kod pacijenata bez 
epilepsije 26,7%.

Zaključak:Pacijenti sa epilepsijom imaju skoro 
dvostruko veću učestalost depresije u poređenju sa 
onima koji nemaju epilepsiju nakon moždanog uda-
ra (p < 0,05). Ovi pacijenti moraju biti pod posebnim 
nadzorom i češćim kontrolama. Rana detekcija epilep-
sije i rano započinjanje terapije uz pravilan izbor anti-
epileptika, kao i rano lečenje depresije, od suštinskog 
su značaja za prevenciju suicida i smrtnosti kod ovih 
pacijenata, kao i za poboljšanje kvaliteta života.

Ključne reči: depresija nakon moždanog udara, 
epilepsija nakon moždanog udara.
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Abstract: Introduction:Sickle cell anemia (SCA) 
is a hereditary blood disorder resulting from a point 
mutation in the β-globin gene, leading to the produc-
tion of abnormal hemoglobin S that distorts red blood 
cell morphology and impairs their function. Reticulo-
cyte indices, which measure immature red blood cells 
in circulation, are key indicators of bone marrow re-
sponse and erythropoietic activity in SCA patients.

Materials and Methods: This cross-sectional 
study examined reticulocyte indices in individuals 
with sickle cell anemia. It involved 45 children aged 2 
to 19 at the Rivers State University Teaching Hospital. 
Blood samples were collected from each patient and 
placed in EDTA bottles. Reticulocyte counts were per-
formed using the New Methylene Blue staining meth-
od and counted under a light microscope. Hemoglobin 
(Hb) and packed cell volume (PCV) were measured 
with a Veri-Q RED Hemoglobin meter. Reticulocyte 
indices, including absolute reticulocyte count (ARC), 
reticulocyte index (RI), and reticulocyte production in-
dex (RPI), were calculated using MDCalc.

Results: The mean reticulocyte count was 1.33 ± 
0.22%, while the mean reticulocyte production index 
was 0.40 ± 0.09. Reticulocyte production index (RPI) 
showed a positive and significant correlation with Hb 
and PCV in both crisis and steady states (r = 0.820, 
p = 0.02). Additionally, RPI and RC were significant-
ly correlated in patients on and off hydroxyurea (p < 
0.01). Only 2 (4.4%) SCA patients demonstrated ap-
propriate bone marrow response, while the remaining 
43 (95.6%) SCA patients were hypoproliferative.

Conclusion: This study found derangements in 
the reticulocyte parameters indicating hypoprolifera-
tive anaemia. There is a need to monitor the patients 

closely by periodic reticulocyte counts for overall im-
proved patient outcomes and quality of life in SCA 
patients.

Keywords: Sickle Cell Anaemia, hydroxyurea, 
reticulocyte count, reticulocyte production index, hy-
poproliferative anaemia, absolute reticulocyte count.

INTRODUCTION

Sickle cell disease (SCD) encompasses a spectrum 
of inherited hemoglobinopathies characterized by mu-
tations in the HBB gene, which encodes the β-globin 
subunit of hemoglobin (1). Sickle cell disease (SCD) 
comprises a heterogeneous group of hemoglobinopa-
thies, including sickle cell anemia (SCA), hemoglobin 
SC disease (HbSC), and hemoglobin S/β-thalassemia, 
which may present as either β+ or β0 thalassemia de-
pending on the nature of the β-globin gene mutation.
Several other minor variants exist within the group 
of SCDs, albeit not as common as the varieties men-
tioned above. It is essential to mention the sickle cell 
trait (HbAS), which carries a heterozygous mutation 
and seldom presents clinical signs or symptoms. Sick-
le cell anaemia is the most common form of SCD, with 
a lifelong affliction of haemolytic anaemia requiring 
blood transfusions, pain crises, and organ damage (2).

Sickle cell anaemia (SCA) involves mutations 
in haemoglobin (Hb), a protein in red blood cells 
(RBCs). Normal adult haemoglobin includes HbA1 
(95%), HbA2 (less than 4%), and HbF (mostly in fe-
tuses). The sickle cell mutation occurs when valine re-
places glutamine at the beta-globin chain’s sixth posi-
tion (3). The sicklecell mutation follows an autosomal 
codominant inheritance pattern. Homozygosity for the 
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HbS allele (HbSS genotype) leads to the most severe 
form of sickle cell anemia, whereas heterozygosity 
(HbAS genotype) typically results in a carrier state 
with minimal or no clinical manifestations. Additional 
genotypic variants within the sickle cell disease spec-
trum include HbS/β0-thalassemia and HbSC disease, 
which arise from compound heterozygosity involving 
the HbS allele and either β-thalassemia or hemoglobin 
C mutations (4, 5).

Sickle cell anaemia is characterized by haemol-
ysis and vaso-occlusive crises (VOC). The mutation 
in the beta-globin gene causes haemoglobin S (HbS) 
to form rigid polymers when deoxygenated, leading to 
the cyclical sickling of red blood cells (RBCs). Over 
time, this sickling becomes irreversible, increasing the 
risk of haemolysis and VOC. Factors like the low oxy-
gen affinity of HbS, high 2,3-diphosphoglycerate, and 
increased sphingokinase-1 activity contribute to HbS 
polymerization (6). Oxidative stress from auto-oxida-
tion of HbS damages RBC membranes (7). Haemo-
lyzed cells release free haemoglobin and arginase 1, 
reducing nitric oxide and increasing oxidative stress 
and vascular remodeling. Vaso-occlusion is further 
promoted by interactions between sickle RBCs, free 
haeme, reactive oxygen species, the endothelium, neu-
trophils, and platelets (8).

Globally, 20 to 25 million people are affected by 
SCD, with 12 to 15 million residing in Africa, while 
developed countries account for only 10% of cases (9). 
Sub-Saharan Africa accommodates 75% of all patients 
with SCD and 70% of all SCD births globally, with 
many affected children dying before the age of 5 (10).

Nigeria bears the highest burden of sickle cell dis-
ease (SCD) in Sub-Saharan Africa, with an estimated 
2–3% of its population affected. Globally, approxi-
mately 300,000 infants are diagnosed with SCD each 
year, with Sub-Saharan Africa accounting for nearly 
75% of these cases. Nigeria alone contributes between 
100,000 and 150,000 newborns annually, representing 
roughly one-third of the global incidence (11). The 
prevalence of SCD within Nigerian states ranges from 
1% to 3%, with HbSS being the predominant haemo-
globin variant. A 2.4% prevalence of the HbSS geno-
type was reported in southwestern Nigeria (11, 12). In 
North Central Nigeria, a 5% prevalence rate of SCD 
among children was identified by Diwe et al. (13).

In patients with sickle cell anaemia (SCA), a pe-
ripheral blood smear shows elongated red blood cells 
(RBCs) with tapering ends (drepanocytes). Additional 
findings can include Howell-Jolly bodies (DNA rem-
nants, indicating autosplenectomy), target cells (seen 
in thalassaemia and sickle-thalassaemia syndromes), 
polychromatic cells (reticulocytes, indicating a marrow 
response to haemolysis), and sometimes nucleated red 

blood cells (14). These findings are not confirmatory 
for SCA. Confirmation requires haemoglobin electro-
phoresis, high-performance liquid chromatography, or 
isoelectric focusing. DNA-based techniques are used 
for uncertain diagnoses and prenatal testing through 
amniocentesis, while foetal DNA capture from mater-
nal blood remains investigational (15).

Treatment and management of sickle cell anaemia 
focus on alleviating symptoms, preventing complica-
tions, and improving the quality of life. This typically 
involves regular blood transfusions to manage anae-
mia, pain management strategies including medica-
tions and hydration, and the use of hydroxyurea to 
reduce the frequency of pain crises and the need for 
transfusions. Preventive measures include vaccina-
tions and antibiotics to reduce infection risks. In se-
vere cases, haematopoietic stem cell transplantation 
may be a potential cure (5).

Reticulocytes, the earliest form of erythrocytes re-
leased by the bone marrow into peripheral circulation, 
serve as a dependable indicator of recent erythropoiet-
ic activity. Under physiological conditions, nucleated 
erythroid precursors complete clonal maturation within 
the bone marrow over a period of 1–3 days (16). Follow-
ing nuclear extrusion, reticulocytes—immature eryth-
rocytes—are released into peripheral circulation, where 
they persist for approximately 1–2 days before matura-
tion into fully developed erythrocytes. These cells can be 
detected using supravital staining techniques for manual 
reticulocyte enumeration or via automated methods that 
quantify residual ribonucleic acid (17).

The reticulocyte index (RI) is a calculated val-
ue employed in haematology to assess bone marrow 
function and erythropoiesis, the body’s process of pro-
ducing red blood cells (RBCs). Reticulocytes are im-
mature RBCs recently released from the bone marrow 
into the peripheral blood. The reticulocyte count is a 
critical parameter that reflects the rate of RBC produc-
tion. The RI is particularly significant in the evaluation 
of anaemia. It aids in differentiating between anaemi-
as caused by decreased production of RBCs and those 
caused by increased destruction or loss of RBCs. By 
assessing the RI, healthcare professionals can deter-
mine whether the bone marrow responds appropriately 
to the body’s demand for RBCs (18).

The reticulocyte index (RI) is calculated by multi-
plying the reticulocyte percentage by the patient’s hae-
matocrit, dividing this product by a normal haematocrit 
value of 45%, and then adjusting this result by a cor-
rection factor to account for early reticulocyte release 
in severe anaemia. This formula accounts for the fact 
that in severe anaemia, reticulocytes are released into 
the bloodstream earlier than usual and thus spend more 
time maturing in the peripheral circulation. The correc-
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tion factor adjusts for this premature release, typically 
set at 1 for a haematocrit of 45% but varies depending 
on the actual haematocrit level (19).

Interpretation of the RI provides insights into bone 
marrow activity. An RI less than 2% suggests decreased 
RBC production, characteristic of conditions such as 
aplastic anaemia, iron deficiency anaemia, and chronic 
kidney disease. Conversely, an RI of 2% or higher in-
dicates increased RBC production, seen in conditions 
involving accelerated RBC destruction, such as haemo-
lytic anaemias, or following acute blood loss (19).

Sickle cell anemia (SCA) poses significant so-
cio-economic challenges globally, including in Nige-
ria, deeply impacting individuals, families, and the 
healthcare system (20). The disease causes chronic 
anaemia, severe pain crises, and complications like 
acute chest syndrome, stroke, and organ damage, 
which frequently necessitate hospitalization and long-
term medical care (5).

These health issues lead to substantial financial 
strain for families due to ongoing medical costs and 
lost income from missed work and school. The eco-
nomic burden is particularly severe in rural areas, 
where access to healthcare is limited, resulting in long 
travel distances for treatment. Social stigma further 
exacerbates the challenges, leading to discrimination 
and mental health issues for those affected.

Nigeria’s healthcare system is overwhelmed by 
the demand for SCA care, with resource limitations 
and a shortage of trained healthcare professionals re-
sulting in suboptimal treatment. Monitoring the retic-
ulocyte indices in SCA patients is crucial, as it helps 
assess bone marrow function and the body’s response 
to anaemia, providing essential information for effec-
tive disease management.

The reticulocyte index (RI) measures the pro-
duction of new red blood cells (reticulocytes) in the 
bone marrow. It provides valuable information about 
the bone marrow’s response to anaemia and can help 
assess the effectiveness of treatments. However, the 
dynamics of reticulocyte production in SCA patients 
are complex and poorly understood. Sickle cell anemia 
patients often experience chronic haemolytic anaemia 
due to the rapid destruction of sickle cells (21). The 
bone marrow compensates by increasing reticulocyte 
production (22). Studying the RI in these patients can 
provide insights into the bone marrow’s ability to re-
spond to anaemia, which is critical for effective dis-
ease management.

Various treatments, such as hydroxyurea and 
blood transfusions, aim to reduce haemolysis and 
improve haemoglobin levels in SCA patients (23). 
Monitoring the response to intervention (RI) can help 
evaluate the efficacy of these treatments and inform 

therapeutic decisions. High or low RI levels in SCA 
patients can indicate different complications. For in-
stance, a very high RI may suggest severe haemolysis, 
while a low RI could indicate bone marrow failure or 
aplastic crisis. Understanding these patterns can aid in 
the early detection and intervention of complications.

By establishing the significance of the RI in SCA 
patients, healthcare providers can develop better strat-
egies for monitoring and managing the disease. This 
can lead to more personalized and effective treatment 
plans, ultimately improving patient outcomes and qual-
ity of life. Despite the importance of the RI, limited 
research specifically focuses on its role in SCA. This 
study aims to fill this gap by providing information on 
reticulocyte production in SCA patients, thereby con-
tributing to the broader understanding of the disease.

MATERIALS AND METHODS

Study Area
This investigation was carried out at Rivers State 

University Teaching Hospital (RSUTH), formerly 
known as Braithwaite Memorial Specialist Hospital, 
located at 5–8 Harley Street, Old Government Reser-
vation Area (GRA), Port Harcourt, Rivers State, Ni-
geria (coordinates: 4.7843°N, 7.0104°E). RSUTH is 
a government-owned tertiary healthcare facility and 
ranks among the largest in the Niger Delta region, with 
a bed capacity of 375 and accreditation across the ma-
jority of clinical departments. Port Harcourt, the cap-
ital and most populous city of Rivers State, lies along 
the Bonny River and has an estimated population of 
1,148,665. As a major Nigerian city, it has experienced 
rapid urbanization driven by the country’s social and 
economic history. Port Harcourt is a significant hub 
for various economic, social, and political activities, 
offering new opportunities across these sectors.

Study Population
The study population comprised 45 pediatric pa-

tients, aged 2 to 19, who attended the sickle cell clinic 
at Rivers State University Teaching Hospital (RSUTH). 
These individuals were referred to the haematology lab-
oratory for diagnostic confirmation of sickle cell disease. 
Participants included both male and female children.

Study Design
This descriptive cross-sectional study evaluated 

the reticulocyte indices in sickle cell anaemia patients 
in a single-point measurement of reticulocyte indices 
in paediatric sickle cell disease patients attending the 
sickle cell disease clinic in a tertiary health institution 
in Port Harcourt, Nigeria.
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Sample Size Calculation

To determine the minimum sample size of the 
subjects recruited in the study, the global prevalence 
of sickle cell disease, as reported by Naing et al. (11), 
was 3%. This value was used to calculate the mini-
mum sample size as follows. 

Using the formula: 
n = Z2P(1-P)/d2

Where n is the minimum sample size 
Z = Standard normal deviation corresponding to 

95% confidence level set at 1.96 
p = 3% = 0.03	
1-P = 0.97
d = desired precision, 5% (0.05) 
n ≈ 45
According to the calculation, 45 samples were 

used in this study. 

Ethical Considerations
Ethical clearance for the study was granted by the 

Research Ethics Committee of Rivers State University 
Teaching Hospital, Port Harcourt, Nigeria.

Inclusion and Exclusion Criteria

Inclusion Criteria
- Children between the ages of 2 and 19 who are 

sickle cell clinic attendees of RSUTH.
- Individuals residing in Port Harcourt and its sur-

rounding regions seeking medical attention at RSUTH 
sickle cell clinic.

- Those whose parents/guardians have given writ-
ten informed consent for their children/ward to partic-
ipate in the study.

Exclusion Criteria
- Individuals who are not within the age range of 

the study participants.
- Individuals who are not sickle cell clinic attend-

ees of RSUTH.
- Those whose parents/guardians did not give 

written informed consent for their children/ward to 
participate in the study.

Sample Collection and Storage
Aseptic venipuncture of the cubital vein was per-

formed using sterile, disposable Vacutainer® needles 
and tubes to collect 5 mL of blood from each patient. 
Samples were transferred into EDTA-containing tubes 
and analyzed for reticulocyte counts and haematologi-
cal parameters within three hours of collection.

Procedures

Determination of Reticulocyte Count: 
New Methylene Blue Staining Method
Principle: An isotonic solution of a supravital stain 

(i.e., one that stains living material), such as new meth-
ylene blue, is incubated with a few drops of blood. The 
red blood cells must be stained while they are alive to 
detect ribosomal RNA in reticulocytes. A thin blood film 
preparation is made and stained, and the reticulocytes 
are counted microscopically. Reticulocytes are recog-
nized by the violet-blue stained granules of ribosomal 
RNA (reticulin) they contain. The reticulocyte count is 
expressed as a percentage or preferably in absolute num-
bers when an electronic analyzer RBC count is available.

Procedure
Reticulocyte staining was performed using the 

supravital technique. Three drops of new methylene 
blue solution were combined with three drops of a 
well-mixed EDTA-anticoagulated blood sample in a 
test tube and thoroughly mixed. The mixture was incu-
bated either at ambient temperature for 20 minutes or 
at 35–37 °C for 10–15 minutes. Following incubation, 
the red blood cells were gently resuspended, and a drop 
of the stained sample was applied to each of two mi-
croscope slides using a capillary or plastic bulb pipette. 
The blood was evenly spread to create thin films and 
air-dried by gentle waving. One of the slides was subse-
quently counterstained with Leishman stain and stored 
in a dust- and insect-free environment. Microscopic 
evaluation was carried out the following day. Initial as-
sessment was conducted using the 10× objective lens 
with a partially closed condenser iris diaphragm to iden-
tify suitable areas of cell distribution. A drop of immer-
sion oil was placed on the selected field, and detailed 
examination was performed with the oil immersion 
objective (100×), adjusting the diaphragm accordingly. 
Reticulocytes were enumerated by systematically scan-
ning consecutive microscopic fields, counting 500 red 
blood cells—extended to 1,000 cells in cases of low re-
ticulocyte prevalence. The reticulocyte percentage was 
calculated based on the total number of cells counted.

Determination of Haemoglobin  
and Packed Cell Volume:  
Veri-Q RED Haemoglobin Meter

Principle
Veri-Q test strips for Haemoglobin and Packed Cell 

Volume (PCV) are designed to quantify the concentra-
tion of red blood cells in whole blood through advanced 
biochemical and optical detection mechanisms. When a 
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blood sample is applied, capillary action draws it into the 
reaction zone, where reagents interact with haemoglobin 
or cellular components to generate a measurable signal. 
This signal may be electrochemical, based on changes in 
conductivity, or photometric, using light absorbance to de-
termine red cell concentration. The paired device process-
es the signal using calibrated algorithms to calculate and 
display the PCV as a percentage and haemoglobin as g/dl.

Procedure
Whole blood samples, anticoagulated with ED-

TA, were gently mixed to ensure homogeneity before 
analysis. A precise volume of 20 µL of each sample 
was applied to the reaction zone of the test strip, ensur-
ing complete coverage without overflow. The test strip 
was then inserted into the Veri-Q device, which quanti-
fied PCV by detecting electrochemical or photometric 
signals generated from the interaction of blood com-
ponents with the strip’s reagents. The device processed 
these signals using proprietary algorithms to calculate 
and display PCV as a percentage. Results were record-
ed for each sample, and quality control was conducted 
using standardized control samples to ensure accuracy.

Sickle SCAN RDT Test 

Principle
The Sickle SCAN® test kit is a rapid, qualitative 

lateral flow immunoassay designed for the detection of 
haemoglobin variants A, S, and C associated with sick-
le cell disorders. A 5 μL blood sample is obtained via 
venipuncture using the provided capillary sampler and 
introduced into a buffer-loaded pretreatment module, 
facilitating erythrocyte lysis and haemoglobin release. 
Subsequently, four drops of the treated sample are dis-
pensed into the sample inlet of the Sickle SCAN car-
tridge. The sample migrates through the cartridge via 
capillary action over a five-minute period, during which 
antibody-conjugated colorimetric nanoparticles interact 
with the haemoglobin variants. Capture zones yield up to 
four distinguishable lines, including a control (Ctrl) line 
that confirms successful fluid migration. The presence of 
blue indicator lines within the designated regions signi-
fies detection of haemoglobin A, S, and C variants.

Procedures 
Blood samples were obtained following standard 

laboratory procedures. A 5 μL sample was collected 
using a sterile capillary sampler and introduced into 
the buffer-loaded pretreatment module, which contains 
a premeasured volume of extraction buffer. Care was 
taken during module handling to avoid contamination. 
The module was inverted and gently mixed three times 
to ensure thorough haemoglobin extraction via eryth-

rocyte lysis. The tip of the colored cap was broken off, 
and four drops of the treated sample were dispensed in-
to the inlet port of the Sickle SCAN® cartridge, which 
was placed on a level surface at ambient temperature. 
The lateral flow assay was allowed to proceed for five 
minutes, after which results were interpreted via the 
cartridge’s detection window. Any assays exceeding 
10 minutes of run time were deemed invalid. This test 
served to confirm the sickle cell status of patients with 
a prior diagnosis of sickle cell anaemia.

Reticulocyte count was performed using light 
microscopy at 100× objective. A minimum of 500 red 
blood cells were counted, and the number of reticulo-
cytes encountered was recorded and calculated as fol-
lows:(Number of reticulocytes seen / 500 cells) × 100%.

After obtaining the percentage of the reticulocyte 
count by microscopic examination of the reticulocyte 
film stained with New Methylene Blue and counter-
stained with Leishman stain, the reticulocyte indices—
absolute reticulocyte count (ARC), corrected reticulo-
cyte percentage/reticulocyte index (RI), and reticulo-
cyte production index (RPI)—were calculated using 
MDCalc on the website www.mdcalc.com/calc/1667/
absolute-reticulocyte-count-reticulocyte-index.

A reticulocyte production index of less than 2.0 
defines a hypoproliferative bone marrow response.

Data Analysis 
Data obtained from this study were analyzed us-

ing SAS statistical software, version 9.4 (SAS Institute 
Inc., Cary, NC, USA). Statistical significance was de-
fined as a p-value ≤ 0.05 at a 95% confidence interval.

RESULTS
This study was conducted on sickle cell anaemia 

(SCA) patients attending the sickle cell clinic of Riv-

Figure 1. Distribution of Sickle Cell Anaemia 
patients by Age Group, Sex and  the Disease States  

of the patients
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Figure 2. Box Plot of Reticulocyte Count (RC) 
by Age Group of Sickle Cell Subjects

Figure 3. Box Plot of Reticulocyte  
Production Index (RPI) by Age Group  

of Sickle Cell Subjects

Figure 4. Box Plot of Absolute  
Reticulocyte Count (ARC) by Age Group  

of Sickle Cell Subjects

Figure 5. Box Plot of Reticulocyte Count 
by Hypoproliferative Anemia Status Among Sickle 

Cell Subjects

Figure 6. Box Plot of Absolute Reticulocyte  
Count (ARC) by hypoproliferative Anemia Status 

Among Sickle Cell Subjects
ers State University Teaching Hospital (RSUTH), Port 
Harcourt, to determine their reticulocyte indices.

Figure 1 shows the distribution of SCA patients by 
age group, sex, and disease state. Most SCA patients in 
crisis were aged 11–15, while those in the steady state 
were aged 5–10. This is only referring to the age of the 
SCA patients who were in crisis and those in steady 
states as shown in the figures. It doesn’t refer to the 
overall age of the SCA patients in the study.

Figure 2 presents a graphical representation of the 
reticulocyte count by age group for patients with sickle 
cell disease. The reticulocyte count was higher in chil-
dren under 5 years old than in other age groups. The 
reticulocyte count was lowest among children 15 years 
and older. A similar pattern was observed with the Re-
ticulocyte Production Index (RPI) and absolute Reticu-
locyte Count (ARC), as shown in Figures 3 and 4.
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The Reticulocyte Production Index (RPI) measures 
the bone marrow response in patients with sickle cell dis-
ease. Patients with an RPI of less than 2.0 were interpreted 
as hypoproliferative. Only two of the SCA patients had an 

RPI of 2.0 or above, which is represented graphically in 
Figure 5. The same pattern follows with ARC in Figure 6.

Figure 7 graphically represents the relationship be-
tween haemoglobin (Hb) and RPI. There is a strong pos-

Term Estimate Std Error t Ratio Prob > |t|
Intercept -0.657066 0.334679 -1.96 0.0561
HB (g/dl) 0.1387649 0.042628 3.26 0.0022**
Equation RPI = -0.657066 + 0.1387649*HB (g/dl)

Correlation 0.4446, 95%CI: 0.174-0.653, p=0.0022
R2 0.1977

Figure 7.  Relationship Between Hemoglobin  
and Reticulocyte Production Index

Term Estimate Std Error t Ratio Prob > |t|
Intercept -0.751659 0.334236 -2.25 0.0297*
PCV (%) 0.0507031 0.014293 3.55 0.0010***
Equation RPI = -0.751659 + 0.0507031*PCV (%)

Correlation 0.4758, 95%CI: 0.211-0.675, p=0.0010
R2 0.2264

Figure 8. Relationship Between Packed Cell Volume 
(PCV) and Reticulocyte Production Index

Term Estimate Std Error t Ratio Prob > |t|
Intercept 0.3571768 0.110437 3.23 0.0023**

RBC 0.0117404 0.017717 0.66 0.5111
Equation RPI = 0.3571768 + 0.0117404*RBC

Correlation 0.1005, 95%CI: -0.198-0.383, p=0.5111
R2 0.0101

Figure 9. Relationship Between Red Blood Cell 
(RBC) and Reticulocyte Production Index

Term Estimate Std Error t Ratio Prob > |t|
Intercept 3.1320241 5.990534 0.52 0.6038

MCV -0.029351 0.064389 -0.46 0.6508
Equation RPI = 3.1320241 - 0.0293515*MCV

Correlation -0.069, 95%CI: -0.356-0.229, p=0.6508
R2 0.005

Figure 10. Relationship Between Mean Cell Volume 
(MCV) and Reticulocyte Production Index
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itive relationship between these variables (p = 0.002). 
A similar pattern existed between RPI and packed cell 
volume (PCV) (Figure 8) and RPI and red blood cell 
count (RBC) (Figure 9). No significant relationship 

existed between RPI and mean corpuscular volume 
(MCV), as shown in Figure 10 (p = 0.65).

Figure 11 graphically shows the relationship be-
tween reticulocyte count and reticulocyte production 
index. The relationship was highly significant and posi-
tive (p < 0.001). This suggests that an increase in retic-
ulocytes leads to a corresponding increase in the pro-
duction index, and vice versa. Similarly, the reticulocyte 
production index is significantly and positively related 
to the absolute reticulocyte count (p < 0.001). This rela-
tionship is graphically demonstrated in Figure 12.

Figure 13 shows the line graph of the RPI against 
the age of the SCA patients. The graph demonstrates 

Term Estimate Std Error t Ratio Prob > |t|
Intercept  -0.019077 0.073107  -0.26 0.7954
RC (%) 0.3154742 0.037068 8.51 <.0001****

Equation RPI = -0.019077 + 0.3154742*RC (%)
Correlation 0.792, 95%CI: 0.650-0.881, p<.0001****

R2 0.627

Figure 11.  Relationship Between Reticulocyte Count 
(RC) and Reticulocyte Production Index

Term Estimate Std Error t Ratio Prob > |t|
Intercept -0.047929 0.032234 -1.49 0.1443

ARC 0.6204544 0.028004 22.16 <.0001****
Equation RPI = -0.047929 + 0.6204544*ARC

Correlation 0.959, 95%CI: 0.926-0.977, p<.0001****
R2 0.919

Figure 12. Relationship Between Absolute 
Reticulocyte Count (ARC) and Reticulocyte 

Production Index

Figure 13. Relationship Between Age  
and Reticulocyte Production Index for Sickle Cell 

Subjects in Crisis and Steady State

Figure 14. Relationship Between ARC, RPI,  
and RC and Age by State of Sickle Cell Subjects
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the trend of RPI across participants’ ages. The RPI 
was higher in children aged 0–6 years in both crisis 
and steady states. The trend graphs of ARC, RPI, and 
reticulocyte count against the ages of SCA patients in 
different sickle cell states are represented together in 
Figure 14. The trend is consistent with that observed 
in Figure 13.

Figure 15 shows the proportion of SCA patients 
who demonstrate appropriate or hypoproliferative 
bone marrow response, as indicated by a cut-off RPI 
value of 2.0. SCA patients with an RPI less than 2.0 
were classified as hypoproliferative, while those with 
RPI above 2.0 were classified as appropriate. Only 2 
SCA patients demonstrated appropriate bone marrow 
response, while most were hypoproliferative.

DISCUSSION

Reticulocytes, the immature red blood cells 
produced by the bone marrow, play a crucial role in 
evaluating erythropoietic activity and bone marrow 
response in SCA patients. This study determined re-
ticulocyte indices—including reticulocyte count, re-
ticulocyte production index (RPI), and mean reticu-
locyte volume—to provide valuable insights into the 
dynamics of red blood cell production and destruction. 
These indices are vital for understanding the degree 
of haemolysis, compensatory erythropoiesis, and treat-
ment response in SCA (24).

The mean reticulocyte count in children with 
sickle cell anaemia is typically around 12% of to-
tal red blood cells (RBCs), significantly higher than 
the normal range of approximately 0.5% to 2.5% in 
healthy children (25). In this study, the mean reticulo-
cyte count of SCA patients was 1.33 ± 0.22%, while 
the mean RPI was 0.40 ± 0.09. The reticulocyte count 
observed here was lower than that reported by Sani 

et al. (26), who found 1.48 ± 1.46% in SCA patients. 
Similarly, the RPI in our study was lower than the 1.7/
µL reported by Akingbola et al. (27). Our study’s mean 
reticulocyte count and RPI fell within the normal ref-
erence range.

Sickle cell anaemia is known to cause reticulocy-
tosis due to increased haemolysis of sickled red blood 
cells (28). However, our results showed a reduction in 
reticulocyte indices, likely due to hydroxyurea treat-
ment received by some subjects, which is known to 
reduce erythropoiesis, as supported by the correlation 
analyses.

Although reticulocyte count, RPI, and absolute 
reticulocyte count were higher in males compared to 
females, these differences were not statistically sig-
nificant. This finding aligns with Candar et al. (29), 
who reported no significant sex differences in platelet 
counts. Our study found a significant decrease in retic-
ulocyte indices with increasing age, indicating age-re-
lated effects on erythropoiesis. Additionally, no signif-
icant differences were observed in reticulocyte indices 
between steady and crisis states, suggesting that dis-
ease state does not significantly affect these indices.

The haemoglobin levels, packed cell volume 
(PCV), red blood cell (RBC) counts, and mean cor-
puscular volume (MCV) in SCA subjects were 7.63 
± 0.28 g/dL, 22.74 ± 0.82%, 3.73 × 10¹²/L, and 75.3 
fL, respectively. These haemoglobin levels were high-
er than those reported by Jeremiah and Magnus (30), 
who found 5.68 ± 1.7 g/dL in SCA patients. Similarly, 
Akodu et al. (31) reported PCV, Hb, MCV, and RBC 
values of 20.9%, 6.9 g/dL, 75.3 fL, and 2.9 × 10¹²/L, 
respectively, in SCA subjects.

Haemoglobin and PCV were significantly el-
evated in patients who did not receive hydroxyurea. 
According to study (32), hydroxyurea causes bone 
marrow suppression, which likely accounts for the re-
duced Hb and PCV observed in treated subjects due to 
delayed erythropoiesis.

Hydroxyurea (HU) is a widely used treatment for 
sickle cell anaemia, known to improve haemoglobin 
levels and reduce complications, thus decreasing the 
need for blood transfusions (33). HU increases foetal 
haemoglobin (HbF) levels, which reduces sickling of 
red blood cells and the frequency of vaso-occlusive 
crises (34, 35). Additionally, HU reduces leukocyte 
and platelet counts, potentially lowering inflammation 
and thrombotic risk (34).

In this study, an RPI of less than 2.0—indicative 
of a hypoproliferative bone marrow response—was 
observed in 95.5% of SCA patients on hydroxyurea, 
with only two patients showing an appropriate bone 
marrow response (RPI ≥ 2.0). This confirms that HU 
therapy can lead to hypoproliferative anaemia by in-

Figure 15. Distribution of Hypoproliferative Anemia 
Among Sickle Cell Subjects
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hibiting DNA precursor synthesis necessary for cell 
division (33, 36, 37).

While hydroxyurea effectively reduces sickle cell 
complications, it may exacerbate anaemia through 
bone marrow suppression. Therefore, careful monitor-
ing and dose adjustments are essential to balance ther-
apeutic benefits and side effects. Close collaboration 
between patients and healthcare providers is crucial 
for personalized management.

CONCLUSION
This study found derangements in reticulocyte 

parameters indicative of hypoproliferative anaemia 
in SCA patients. Regular monitoring of reticulocyte 
counts is necessary to improve patient outcomes and 
quality of life.
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Sažetak

KLINIČKA PRIMENA RETIKULOCITNIH INDEKSA 
U DIJAGNOSTICI I LEČENJU PEDIJATRIJSKIH PACIJENATA SA SRPASTOM  

ANEMIJOM U PORT HARCORT-u U NIGERIJI
Jeremiah Zaccheaus,1 Odozi Choice,2 Jeremiah Bliss,2 OkechukwuChioma 2

1 Rivers State Univerzitet, Fakultet medicinskih laboratorijskih nauka, 
Odsek za hematologiju i transfuziju krvi, Port Harcourt, Nigerija 

2 Univerzitetska bolnica Rivers State univerziteta, 
Odeljenje za pedijatriju i zdravlje djece, Port Harcourt, Nigerija

Uvod: Srpasta anemija (SA) je nasledni hemato-
loški poremećaj izazvan tačkastom mutacijom u genu 
za β-globin, koja dovodi do stvaranja abnormalnog 
hemoglobina S, što menja oblik eritrocita i narušava 

njihovu funkciju. Indeksi retikulocita, koji kvantifi-
kuju nezrele eritrocite u perifernoj krvi, predstavljaju 
ključne markere aktivnosti koštane srži i eritropoeze 
kod pacijenata sa SA.
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Materijali i metode: U ovoj studiji preseka ana-
lizirani su indeksi retikulocita kod 45 dece uzrasta od 
2 do 19 godina sa SA, lečene u Univerzitetskoj bolnici 
Rivers State. Uzorci krvi su prikupljeni u EDTA epru-
vetama. Brojanje retikulocita izvršeno je metodom 
bojenja novim metilen-plavim i mikroskopskim pre-
gledom. Hemoglobin (Hb) i hematokrit (PCV) odre-
đeni su korišćenjem Veri-Q RED merača. Indeksi re-
tikulocita — apsolutni broj retikulocita (ARC), indeks 
retikulocita (RI) i indeks produkcije retikulocita (RPI) 
— izračunati su primenom MDCalc alata.

Rezultati: Prosečan retikulocitni broj iznosio je 
1,33 ± 0,22%, dok je prosečni indeks produkcije reti-
kulocita bio 0,40 ± 0,09. Indeks produkcije retikulocita 
(RPI) značajno je pozitivno korelisan sa vrednostima 

hemoglobina i hematokrita u kriznim i stabilnim faza-
ma bolesti (r = 0,820, p = 0,02). Takođe, kod pacije-
nata na terapiji i bez terapije hidroksiureom zabeleže-
na je značajna korelacija između RPI i retikulocitnog 
broja (p < 0,01). Samo 2 pacijenta (4,4%) su pokazala 
adekvatan odgovor koštane srži, dok je kod preostalih 
43 (95,6%) utvrđena hipoproliferacija.

Zaključak: Uočene su promene u retikulocitnim 
parametrima koje ukazuju na hipoproliferativnu ane-
miju. Neophodno je redovno praćenje retikulocitnog 
statusa radi poboljšanja ishoda lečenja i kvaliteta živo-
ta kod pacijenata sa srpastom anemijom.

Ključne reči: Srpasta anemija, hidroksiurea, broj 
retikulocita, indeks produkcije retikulocita, hipoproli-
ferativna anemija, apsolutni broj retikulocita.
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Abstract: Introduction: The facial nerve controls 
facial expression, and its dysfunction causes facial 
asymmetry and reduced mimic function. Facial nerve 
paralysis is significantly less common in children com-
pared to adults. Children under the age of 10 are esti-
mated to have an incidence rate of approximately 3 per 
100,000 per year. The leading cause of facial paralysis 
in the pediatric population is idiopathic (Bell’s palsy), 
similar to that in adults. In cases where the cause is 
not idiopathic, infections accompanied by trauma and 
congenital anomalies are the most frequent etiological 
factors of facial nerve paralysis in children. This con-
dition is most often attributed to nerve edema and sub-
sequent compression within the bony fallopian canal.

Case Report: This report presents a case of pe-
ripheral facial nerve paralysis as an extracranial com-
plication of acute otitis media in a 2-year-old child. 
It also includes a literature review focusing on recent 
diagnostic protocols, evaluation, and therapeutic ap-
proaches.

Conclusion: As demonstrated in our case, the 
prognosis for facial nerve paralysis associated with 
acute otitis media (AOM) was generally good after ap-
propriate therapy. Recovery from facial paralysis usu-
ally occurs within three months. This report delineates 
a rare complication of AOM in children. Timely rec-
ognition and appropriate therapy are crucial to achieve 
good outcomes.

Keywords: facial nerve paralysis, acute otitis me-
dia, complications.

INTRODUCTION

Acute otitis media (AOM) is an inflammation of 
the middle ear mucosa, characterized by the presence 
of effusion and symptoms that develop within a period 
of up to 48 hours (1). It is one of the most common 

infectious diseases affecting children worldwide. AOM 
usually develops as a viral upper respiratory tract in-
fection caused by respiratory viruses, followed by a 
bacterial superinfection in the presence of a weakened 
immune response or inadequate treatment. The infec-
tion typically spreads through the rhinogenic route, that 
is, from the nasopharynx via the eustachian tube (2).

In most children older than one year, the condi-
tion resolves spontaneously within several days, even 
without the use of antibiotic therapy. However, in ap-
proximately 20% of cases, the disease progresses, and 
serial superinfections may lead to serious complica-
tions. The most common extracranial complication is 
acute mastoiditis, which typically occurs in the third 
week after disease onset, either in a latent or mani-
fested form. Facial nerve paralysis, an extracranial 
complication of AOM, is also possible, although it is 
extremely rare and occurs in approximately 0.005% 
of affected children (3). The primary reason for the 
low incidence, particularly in developed countries, is 
mandatory immunization and the use of broad-spec-
trum antibiotics for the treatment of acute otitis media 
(AOM) (4). Severe intracranial complications, such as 
meningitis or brain abscesses, fortunately occur only 
rarely (Figure 1).
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Figure 1. Complications of otitis media 
(Wikipedia. Available at: https://en.wikipedia.org/

wiki/Otitis_media)
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Considering the still not fully defined etiopatho-
genetic mechanisms of AOM and the rarity of periph-
eral FNP as a complication of this condition, there is 
an ongoing debate regarding diagnostic and therapeu-
tic approaches. In this context, particular attention 
should be paid to the indications for surgical treatment 
of this complication (5).

Case Report
A two-year-old boy was brought to the otorhi-

nolaryngology outpatient clinic by his parents due to an 
acute onset of paralysis on the left side of his face. The 
symptoms began four days before the examination and 
initially presented as occasional coughing and clear na-
sal discharge. The child did not have a fever. Before re-
ferral to an otorhinolaryngology specialist, the attend-
ing pediatrician initiated symptomatic therapy.

The patient was the first child, born from an un-
complicated pregnancy and delivered vaginally three 
weeks before term. The APGAR score was 9/10, and 
the birth weight was 2,900 g. He had received all vac-
cinations appropriate for his age. He had previously 
experienced one episode of bronchitis. There was no 
known history of allergies to food or medications. 
Family history revealed that the mother had experi-
enced hearing impairment requiring hearing aids since 
the age of four, due to recurrent ear infections.

Upon admission to the pediatric department, the 
child was conscious, afebrile, eupneic, and hemody-
namically stable, with the following vital signs: body 
weight, 12 kg; body temperature, 36.8°C; oxygen sat-
uration, 99%; and heart rate, 90 beats/min. There was 
no rash, and the skin had normal coloration and tur-
gor. Lung auscultation revealed normal breath sounds, 
with no additional findings. The heart rhythm was reg-
ular and the tone was clear, with no murmurs.

Neurological examination revealed weakness and 
asymmetry of the left facial muscles, sparing the fore-

head muscles. There was loss of the left nasolabial and 
frontal folds, a lag in the left corner of the mouth when 
crying, and a drooping of the left corner of the mouth 
at rest, accompanied by difficulty closing the left eye 
and infrequent blinking (Figure 2). The clinical pres-
entation corresponded to grade IV peripheral facial 
nerve paralysis based on the House–Brackmann scale 
(6) (Table 1).

Otorhinolaryngological examination revealed bi-
lateral hyperemia of the tympanic membranes on oto-
microscopy, with a visible fluid level in the middle ear 
and a deformed light reflex. There was no swelling or 
hyperemia in the retroauricular or mastoid regions, 
and no tenderness on palpation. Oropharyngoscopy 
showed mild hyperemia of the pharyngeal mucosa. 
Endonasally, there was a serous discharge in the nasal 
passages, whereas palpation of the neck revealed no 
enlarged lymph nodes.

Laboratory tests performed after admission indi-
cated an elevated leukocyte count of 12.87/mm³, with 

Table 1. House-Brackmann facial nerve grading system. (Adapted from: House JW, Brackmann DE.  
Facial nerve grading system. Otolaryngol Head Neck Surg. 1985; 93(2): 146–7. (6))

Grade Description Eye Closure Forehead
Movement

Mouth
Movement Synkinesis

I Normal facial function in all areas. Complete Normal Symmetrical None

II Slight weakness; normal tone  
& symmetry at rest.

Complete, 
slight effort Normal Slight 

asymmetry Mild

III Moderate dysfunction,  
no noticeable weakness at rest.

Complete, 
with effort

Slightly 
reduced

Asymmetry 
present Noticeable

IV Severe dysfunction,  
obvious facial weakness. Incomplete No movement Asymmetry 

with effort Present

V Severe dysfunction,  
minimal facial motion. Incomplete No movement Very 

asymmetrical Present

VI Total facial paralysis; no motion. None No movement No movement None

Figure 2. Left-sided peripheral facial nerve palsy 
in a child at the time of initial examination 

(The image is from the authors’ personal archive)
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a predominance of 67% lymphocytes. The C-reactive 
protein (CRP) level was 0.9 mg/L, whereas all other 
biochemical parameters and urinalysis with sediment 
were within the reference ranges.

Tympanometry showed a flat Type B tympano-
gram, indicating immobility of the tympanic mem-
brane and the presence of fluid in the middle ear. Head 
and temporal bone computed tomography (CT) was 
planned as an emergency procedure but was not per-
formed due to the parents’ refusal to consent to this 
diagnostic procedure.

After establishing the diagnosis of acute paralysis 
nervi Facialis (FNP) associated with AOM, the child 
was promptly started on intravenous antibiotic ther-
apy (Ceftriaxone 500 mg i.v. every 12 hours), along 
with probiotic syrup, tapering corticosteroids (Meth-
ylprednisolone 20 mg i.v.), vitamin B infusion (every 
24 hours), and an analgesic–antipyretic (Paracetamol 
syrup 5 ml every 6–8 hours).

On the second day of hospitalization, an ophthal-
mology consultation was performed to prevent the 
most serious complications of facial nerve paralysis, 
such as corneal damage due to reduced secretion and 
lagophthalmos. The on-call ophthalmologist noted that 
mydriasis was appropriate for the child’s age, and all 
other ophthalmological findings were normal. Artifi-
cial tears were prescribed to keep the eye moisturized, 
and the mother was advised to monitor the child and 
ensure that the affected eye was closed during sleep. 
A follow-up ophthalmology appointment was sched-
uled for seven days later, at which point the findings 
remained normal.

For the purpose of further etiological diagnostics 
of peripheral facial nerve paralysis and identification 
of potential infectious agents, serological tests were 
performed for herpes simplex virus, varicella virus, 
coxsackievirus, and adenovirus, all of which returned 
negative results. The urine culture results were also 
negative.

On the same day, left-sided paracentesis was per-
formed for both diagnostic and therapeutic purpos-
es. Microbiological analysis of the purulent drainage 
yielded negative results. Follow-up laboratory tests 
conducted the following day revealed inflammatory 
marker levels within the reference range.

During hospitalization, the patient remained afe-
brile and hemodynamically stable. Intravenous antibi-
otics, corticosteroids, and symptomatic therapy were 
administered for several days. On the seventh day of 
hospitalization, the child was discharged in good gen-
eral condition, with a recommendation to continue 
oral antibiotic therapy (Cefixime oral suspension, 5 
ml once daily) for the next seven days. Additionally, 
facial muscle exercises were advised under the super-

vision of a physiotherapist and a speech therapist at 
the local health center. A follow-up examination was 
scheduled seven days later, with instructions to imme-
diately contact an otorhinolaryngologist through the 
emergency service in case of any new symptoms.

At the follow-up visit, a significant improvement 
in local findings was observed. Inspection revealed on-
ly slight facial asymmetry, with normal closure of the 
left eye and forehead wrinkling (Figure 3). Otoscopic 
examination showed no hyperemia of the tympanic 
membranes; pink oropharyngeal mucosa was noted 
during oropharyngoscopy, and clear nasal passages 
were observed during anterior rhinoscopy. Palpation of 
the neck revealed no enlarged lymph nodes. The par-
ents reported that the child remained afebrile through-
out, with normal sleep and a preserved appetite.

At the next follow-up examination one month lat-
er, paralysis of the left side of the face had undergone 
complete regression (Figure 4).

Figure 3. Follow-up examination.Significant 
improvement in local findings  

(The image is from the authors’ personal archive)

Figure 4. One-month follow-up. 
Complete recovery of facial function 

(The image is from the authors’ personal archive)
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The child was subsequently monitored over a six-
month period with monthly check-ups, during which 
findings related to the seventh cranial nerve remained 
normal. Throughout this period, the child was in good 
general health and showed appropriate developmental 
progress for his age.

Two months later, the child developed a new ep-
isode of bilateral otitis media accompanied by low-
grade fever, but without any cranial nerve deficits or 
other signs of intra- or extratemporal complications. 
The condition was treated conservatively following 
a ten-day course of antibiotic therapy according to 
protocol. At the follow-up examination, the tympan-
ic membranes appeared normal, and the child was in 
good general condition.

A consultative examination by an otologic sur-
geon was also conducted at that time. The clinical find-
ings were normal, and bilateral Type A tympanograms 
were recorded. Recommendations were made to main-
tain nasal patency, support the child’s immune system, 
and schedule follow-up visits as needed.

Since then, there have been no recurrent ear infec-
tions or related complications, and the child, accom-
panied by his parents, has not returned to the otorhi-
nolaryngology outpatient clinic or emergency pediat-
ric services.

DISCUSSION

The facial nerve is the seventh cranial nerve, and 
its most prominent function is the innervation of the 
muscles involved in facial expression. Additionally, 
it has secretory and sensory functions. The nerve can 
be divided into six segments: intracranial, intrameatal, 
labyrinthine, tympanic, mastoid, and extracranial. In 
the final segment, after exiting the facial canal, it enters 
the parotid gland and divides into two main branches, 
which further split into the “pes anserinus” — five 
terminal branches. The ramus marginalis is particu-
larly important in the facial musculature because it is 
the only branch that does not form anastomoses with 
neighboring branches (7).

Etiology
The possible etiological factors of FNP in chil-

dren can be classified as congenital or acquired, with 
acquired causes further divided into infectious, trau-
matic, neoplastic, hypertension-related, and idiopathic 
causes (Bell’s palsy).

If there is no definitive cause for acute unilateral 
facial paralysis (onset <72 h), the diagnosis is Bell’s 
palsy. In children, the incidence of Bell’s palsy is es-
timated at 6.1 cases per 100,000 children annually be-
tween the ages of 1 and 15 (8).

Acute otitis media remains the most common in-
fectious cause of facial nerve paralysis in children (9). 
Epstein-Barr virus (EBV), human immunodeficiency 
virus (HIV), herpes simplex virus (HSV), among oth-
ers, can also lead to facial paralysis.

Iatrogenic facial nerve paralysis may occur be-
cause of oromaxillofacial, parotid, or otologic surgery. 
In a case series of 35 pediatric patients with facial nerve 
paralysis, only three cases were iatrogenic, and all pa-
tients achieved full recovery. However, if a child does 
not show relatively rapid improvement, less common 
causes, such as malignancies and metabolic disorders, 
must be considered. Hypertension is a rare cause of 
facial nerve paralysis in children. FNP in children may, 
in very rare instances, be associated with systemic dis-
eases such as granulomatosis with polyangiitis (GPA), 
sarcoidosis, and systemic lupus erythematosus. Due to 
the scarcity of pediatric cases, evidence is mostly re-
stricted to individual case reports (9).

In the pre-antibiotic era, the incidence of facial 
nerve paralysis in acute otitis media (AOM) was 0.5%. 
In the era of antimicrobial therapy, the frequency of 
AOM dropped sharply. The etiology of facial nerve 
paralysis in patients with AOM remains unknown (10, 
11). Nerve paralysis typically develops gradually in 
children, within 2–3 days of the onset of acute otitis 
media.

Diagnostic approaches 
in previous studies

The assessment of peripheral FNP is twofold: the 
cause and degree of the lesion must be examined, and 
the location of the lesion must be topographically as-
sessed. The investigation of the cause, in addition to a 
thorough medical history (which must include details 
on prior ear treatments, injuries, or diagnosed systemic 
diseases), should include a detailed clinical examina-
tion (otorhinolaryngological, neurological, assessment 
of the degree of the lesion, internal medicine, and 
ophthalmological examinations), radiological inves-
tigations (CT of the temporal bones and MRI of the 
temporal region and pontocerebellar angle, ultrasound 
of the parotid glands), and electrodiagnostic tests such 
as electromyography.

During physical examination, a patient with FNP 
cannot raise the eyebrow or close the eyelid on the 
affected side. The nasolabial fold is typically absent, 
and the affected side of the mouth droops with possi-
ble drooling (12). During clinical examination, special 
attention should be given to examining the external 
auditory canal, auricle, and mastoid. Infections of the 
middle ear leading to facial nerve paralysis are com-
monly associated with middle ear effusion, redness of 
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the tympanic membrane, purulent ear discharge, and 
tenderness over the mastoid region. These symptoms 
typically precede the onset of facial weakness by ap-
proximately 5 to 8 days (13). Topographical assess-
ment of the lesion site is performed using multiple 
tests, including the Schirmer test, stapedius reflex, 
gustometry, and sialography.

If other inflammatory etiologies are considered, 
studies on C-reactive protein (CRP) and erythrocyte 
sedimentation rate (ESR) should be ordered.

A tympanogram should be performed for all 
children with acute FNP. As part of the diagnos-
tic protocol, in patients with facial nerve paralysis 
caused by AOM, computed tomography (CT) of the 
head should be performed to exclude a radiological 
diagnosis of otomastoiditis and document the pres-
ence of associated intracerebral or extracerebral com-
plications (14).

Therapeutic modalities 
in previous studies

After diagnosis, facial nerve paralysis associated 
with AOM should be treated appropriately according 
to the prescribed protocol, with eradication of the pu-
rulent process as the primary goal (15). The therapy 
should include a third-generation broad-spectrum 
cephalosporin (e.g., Ceftriaxone, as in the case of our 
patient) as the initial antibiotic therapy, which may 
be modified based on microbiological susceptibility. 
The actual efficacy of antiviral medications in cases 
of facial nerve paralysis is still not fully understood 
(16). Corticosteroids appear to reduce recovery time, 
especially when applied in the early stages of the dis-
ease (17). Eye care is extremely important to prevent 
corneal abrasion and vision loss. If incomplete eye-
lid closure is present, it is essential to use saline eye 
drops during the day and ophthalmic ointments during 
sleep.

Surgical approaches for the treatment of this con-
dition remain unclear. Several authors have reached a 
consensus on the need for myringotomy with or with-
out the placement of ventilation tubes in cases of oto-
mastoiditis without tympanic membrane perforation, 
suggesting that mastoidectomy should be performed, 
or less commonly, decompression of the facial nerve 
should be considered if no improvement occurs within 
a few days (18).

Prognosis

Children with facial paralysis typically have a 
favorable prognosis. Complete recovery of facial 
function occurs in about 90% of Bell’s palsy cases 

in children aged 14 or younger, whereas only around 
one-third of patients over the age of 60 experience full 
recovery (19).

As demonstrated in our case, the outcome for fa-
cial nerve paralysis associated with AOM was gener-
ally good after appropriate therapy, although the in-
cidence of residual dysfunction was 6% (20). While 
functional recovery is common, a study by Biebl and 
colleagues showed that in 175 children with facial pa-
ralysis, although most had complete functional recov-
ery, residual facial asymmetry persisted in up to half 
of the cases (21).

CONCLUSION

This case highlights the intricacy of peripheral 
facial nerve paralysis as an extracranial complication 
of acute otitis media in children. Recovery from facial 
paralysis usually occurs within three months. This in-
tegration of data contributes to a deeper understanding 
of the clinical course of peripheral facial nerve paraly-
sis during AOM in children and reinforces the necessi-
ty for vigilant monitoring and proactive intervention to 
improve the quality of life of our patients.
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Uvod: Facijalni nerv je živac čije oštećenje dovodi 
do poremećaja mimike i pojave asimetrije lica. Paraliza 
facijalnog nerva je značajno ređa kod dece u poređenju 
sa odraslima. Procenjuje se da deca mlađa od 10 godina 
imaju učestalostod približno 3 na 100.000 godišnje. Vo-
deći uzrok facijalne paralize u pedijatrijskoj populaciji 
je idiopatski (Bell-ova paraliza), slično kao i kod odra-
slih. U slučajevima kada uzrok nije idiopatski, infekcije 
praćene traumom i urođene anomalije su najčešći etio-
loški faktori paralize facijalnog nerva kod dece. Javlja 
se kao posledica edematozne reakcije živca i sledstvene 
kompresije u Falopijevom koštanom kanalu.

Prikaz slučaja: Prikazujemo slučaj periferne 
paralize facijalisa kao egzokranijalne komplikacije 

akutnog otitisa kod deteta uzrasta dve godine. Zatim 
će biti načinjen pregled literature sa fokusom na sa-
vremene dijagnostičke protokole, evaluaciju i terapij-
ske pristupe.

Zaključak: Kao što je prikazano u našem slučaju, 
prognoza paralize facijalnog nerva povezane sa akut-
nim zapaljenjem srednjeg uva (AOM) je generalno 
dobra nakon odgovarajuće terapije. Oporavak od fa-
cijalne paralize obično se dešava u roku od tri meseca. 
Ovaj prikaz prikazuje retku komplikaciju AOM-a kod 
dece. Pravovremeno prepoznavanje i adekvatna tera-
pija su ključni za postizanje dobrih ishoda.

Ključne reči: paraliza facijalnog nerva, akutni 
otitis medijalis, komplikacije.
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Abstract: Introduction: Amelanotic melanoma 
is a subtype of melanoma that exhibits little or no pig-
ment on visual or histological examination. Approxi-
mately 1–8% of all melanomas are amelanotic. It can 
mimic various benign or malignant melanocytic and 
non-melanocytic skin tumors, thereby presenting a 
significant diagnostic challenge. Primary amelanotic 
melanoma with muscle involvement is an extremely 
rare entity. A review of the literature revealed no series 
or case reports.

Case Report: We present the case of a 62-year-
old female patient with primary amelanotic melanoma 
infiltrating the trapezius muscle. The tumor was ex-
cised together with a clinically positive lymph node 
on the right side of the neck. Computed tomography 
(CT) angiography of the lungs, abdomen, and pelvis 
demonstrated bilateral diffuse nodular changes, a me-
diastinal pretracheal lymph node, and multiple diffuse 
liver lesions, consistent with secondary deposits. Mo-
lecular pathology revealed positivity for the BRAF 
V600E2/K/R/D mutation, and the patient began first-
line targeted therapy with BRAF/MEK inhibition in 
accordance with protocols for BRAF-positive meta-
static melanoma. Three months later, a follow-up CT 
scan demonstrated complete remission of the previ-
ously observed metastatic changes.

Conclusion: Primary amelanotic melanoma with 
muscle involvement is exceptionally rare, with no 
published series or case reports identified. This case 

highlights the importance of early detection and treat-
ment in suspected melanoma and underscores the need 
to consider melanoma in all clinically unclear cases.

Keywords: amelanotic melanoma, muscle inva-
sion, trapezius muscle, metastatic disease.

INTRODUCTION

Melanoma is a malignant tumor arising from 
melanocytes in the skin, mucosa, and various internal 
organs. Amelanotic melanoma (AM) is a subtype that 
shows little or no pigment on visual or histological ex-
amination (1, 2). It is classified into three groups accord-
ing to the presence and amount of melanin: amelanotic, 
partially pigmented, and lightly colored melanoma (3). 
Although completely amelanotic melanomas are rare, 
hypomelanotic melanomas with slight pigmentation are 
more common. Approximately 1–8% of all melanomas 
are amelanotic; however, the true incidence is difficult 
to determine due to frequent misdiagnosis (4, 5).

Amelanotic melanoma typically appears as a pink, 
red, or flesh-colored lesion and may mimic both benign 
and malignant melanocytic and non-melanocytic skin 
tumors, as well as inflammatory skin diseases, thereby 
posing a diagnostic challenge. Therefore, any erosive 
tumor should raise suspicion for amelanotic melanoma, 
particularly when located on the palms or soles (6, 7).

Dermoscopy is an essential diagnostic tool for 
pigment evaluation and for identifying characteristic 
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vascular structures that are not visible to the naked 
eye. A polymorphous vascular pattern, especially with 
irregular dot vessels or a combination of dotted and 
linear irregular vessels, is the most frequent dermo-
scopic finding (8, 9). In some cases, a full-thickness 
biopsy is required for definitive diagnosis.

Surgical excision remains the gold standard for pri-
mary melanoma treatment. The National Comprehensive 
Cancer Network (NCCN) recommends surgical margins 
based on Breslow depth. For tumors thicker than 2 mm, 
wide local excision with a 2-cm negative margin is ad-
vised, with the deep margin extending to, but not includ-
ing, the fascia—the first lymphovascular barrier (10, 11).

Targeted therapy with BRAF/MEK inhibitors has 
emerged as a critical treatment strategy for patients with 
metastatic BRAF-positive melanoma. This approach 
specifically targets aberrant signaling pathways driven 
by BRAF mutations, leading to enhanced therapeutic 
efficacy and improved clinical outcomes (12–15).

Primary amelanotic melanoma with muscle in-
volvement is exceedingly rare. A review of the litera-
ture revealed no series or case reports. Here, we pres-
ent a case of amelanotic melanoma with invasion of 
the trapezius muscle.

CASE REPORT
A 62-year-old female patient with a large lump in 

the right scapular region extending to the supraclav-
icular fossa was referred to the University Clinic for 
Plastic and Reconstructive Surgery in Skopje, North 
Macedonia, from a smaller hospital in the country (Fig-
ure 1). The patient’s history revealed progressive tumor 
growth over several years. Two years prior, at the hos-
pital from which she was referred, the lesion had been 

followed with a differential diagnosis of a lipoma. The 
patient was advised to have it removed for pathological 
examination but declined the recommendation.

At presentation, clinical examination revealed a 
large, pink-grey, multinodular dermal tumor in the right 
scapular region extending toward the right supraclav-
icular fossa. The tumor measured 7 × 8 cm, with the 
largest nodule protruding 2 cm above the surrounding 
skin. On physical examination, the tumor was firm and 
relatively immobile to the underlying tissues. Addi-
tionally, two subcutaneous palpable masses were noted 
at the back of the neck, along with an enlarged lymph 
node on the right side of the neck. Clinically, it was an 
unclear case, which prompted further examinations.

Therefore, the patient underwent computed tomog-
raphy (CT) angiography, magnetic resonance imaging 
(MRI), and fine-needle aspiration (FNA) biopsy. The 
CT and MRI revealed a tumor infiltrating the trapezi-
us muscle (Figure 2), and the FNA biopsy categorized 
the tumor in the V classification group for malignancy, 
strongly suggesting melanoma. Owing to the tumor’s 
aggressiveness and muscle involvement, sarcoma was 
also considered in the differential diagnosis.

Surgical removal of the tumor and the positive cer-
vical lymph node was planned. Under general anesthesia, 
with the patient positioned in lateral decubitus, the tumor 
was excised with a 2-cm free lateral margin, and the deep 

Figure 1. A large, pink-grey, multinodular dermal 
tumor measuring 7 × 8 cm, with the largest nodule 

protruding 2 cm above the surrounding skin 
(The image is from the authors’ personal archive)

Figure 2. (Left Image) The arrow shows the tumor 
infiltrating the trapezius muscle (CT scan) 

(Right image) The arrow points the 2 subcutaneous 
nodules at the posterolateral site of the neck  

on the MRI 
(The image is from the authors’ personal archive)

Figure 3. Intraoperative view: the tumor was excised 
with a 2-cm healthy lateral margin, and the deep 

margin included part of the trapezius muscle 
(The image is from the authors’ personal archive)
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margin included part of the trapezius muscle (Figure 3). 
The clinically positive lymph node on the right side of 
the neck was also removed. After achieving hemostasis, 
the wound was left open to heal by secondary intention 
pending the pathohistological results. One week later, the 
pathology report confirmed primary amelanotic nodular 
melanoma involving the skin, subcutaneous tissue, and 
infiltrating the trapezius muscle, along with satellitosis 
and amelanotic metastases to the cervical lymph node 
(pT4a, pN3, pMX, R0, stage IIIC according to the AJCC 
staging system) (Figure 4). Both the lateral and deep mar-
gins were tumor-free. Additional molecular pathology 
findings confirmed positivity for the BRAF V600E2/K/
R/D mutation. At that time, the wound was closed using 
a split-thickness skin graft (STSG), and a second subcu-
taneous metastatic deposit was removed.

Laboratory findings supported the diagnosis, with an 
increased S-100 protein level of 0.432 µg/L (reference < 
0.12 µg/L). The postoperative course was uneventful, and 
one week after the second operation, the patient was dis-
charged and referred to the University Clinic for Oncolo-
gy and Radiotherapy for further evaluation and treatment.

CT angiography of the lungs, abdomen, and pel-
vis showed bilateral diffuse nodular changes predomi-

nantly in the basal lung regions, with the largest lesion 
in the right basal lung measuring up to 11 mm, consis-
tent with secondary deposits. A mediastinal pretrache-
al lymph node measured up to 1.25 cm. Additionally, 
the liver exhibited multiple (approximately seven) dif-
fuse hypodense lesions that were poorly demarcated in 
the venous phase; the largest lesion in segment 6 mea-
sured up to 1.2 cm, suggestive of secondary deposits.

The patient began first-line targeted therapy with 
BRAF/MEK inhibitors following National Compre-
hensive Cancer Network (NCCN) and European So-
ciety for Medical Oncology (ESMO) protocols for 
BRAF-positive metastatic melanoma (Vemurafenib 
1920 mg daily and Cobimetinib 60 mg daily) (12–15).

Three months later, a follow-up CT angiography 
of the lungs, abdomen, and pelvis demonstrated com-
plete remission of the previously observed metastat-
ic changes in the lungs, mediastinum, and liver. The 
patient continues targeted therapy with BRAF/MEK 
inhibitors, with no reported adverse effects.

The patient was last evaluated at the University 
Clinic for Oncology and Radiotherapy on April 22, 
2025, after 8 months of therapy. At that time, it was 
decided to transition melanoma treatment from target-
ed therapy (Vemurafenib/Cobimetinib) to immuno-
therapy (Pembrolizumab). This change in therapeutic 
approach was prompted by the diagnosis of a second, 
independent malignancy—stage IIB squamous cell 
carcinoma of the cervix—for which concurrent radi-
ochemotherapy was indicated and will also be admin-
istered at the Clinic for Oncology and Radiotherapy. 
The second tumor was diagnosed eight months after 
the initial diagnosis of amelanotic melanoma.

DISCUSSION

Amelanotic melanoma is a variant characterized 
by the absence of melanin production, which compli-
cates early detection, identification, and pathological 
diagnosis. The absence of ulceration may mislead 
clinicians, although it can be associated with a better 
prognosis; however, it does not mitigate the risks of 
deep infiltration and metastasis.

In this case, the clinical examination showed no 
tumor ulceration, while MRI confirmed muscle in-
volvement—a rarity in melanoma cases. Although the 
fine-needle biopsy suggested melanoma, its limited sen-
sitivity contributed to the initial exclusion of dermosco-
py from the diagnostic workup. As supported by the lit-
erature, the absence of melanin combined with the lack 
of ulceration and the presence of muscle involvement 
initially obscured the diagnosis of melanoma.

According to the American Joint Committee on 
Cancer (AJCC), amelanotic melanoma carries a poor-

Figure 4. Histopathological Features of Amelanotic 
Melanoma with Muscle Invasion (H&E)

 (*) Tumor infiltration within skeletal muscle: The left 
panel demonstrates extensive infiltration of atypical 
amelanotic melanocytes between and around skeletal 

muscle fibers.
(→) Atypical melanocytes between muscle fibers: 
High magnification shows pleomorphic, non-pigment-

ed tumor cells infiltrating the muscle tissue.
(#) Transition zone: tumor-muscle interface: The bot-
tom right highlights the border between invaded tumor 
areas and relatively preserved skeletal muscle bundles. 

(The image is from the authors’ personal archive)
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er prognosis than other melanoma types due to deeper 
infiltration from delayed diagnosis and its inherently 
aggressive nature.

The aggressive tumor behavior in this case is 
exemplified by the muscle involvement. It remains a 
subject of discussion whether muscle involvement was 
solely a function of tumor aggressiveness in the ab-
sence of ulceration. Skeletal muscle is generally resist-
ant to primary and metastatic cancer; however, primary 
malignant tumors—including melanomas—can in-
volve skeletal muscle more commonly than metastases. 
This muscle resistance to cancer may be related to the 
inherent resistance of muscle tissue to tumor growth, 
its variable blood flow, and metabolism (15). The rich 
vasculature of skeletal muscle, regulated by beta-adr-
energic receptors, results in highly variable blood flow 
(16). Some studies suggest that lactic acid production 
by muscles may inhibit tumor cell growth (17), and that 
cancer cell survival is enhanced in denervated muscle 
compared to electrically stimulated muscle (18).

The pathology report confirmed the presence of 
satellitosis and amelanotic metastases to the cervical 
lymph node in this case of primary amelanotic nodular 
melanoma.

A meta-analysis on nodular melanoma indicat-
ed that lymph node involvement is associated with 
a reduced 5-year survival rate—estimated at around 
40–60%, depending on tumor characteristics and treat-
ment options. Furthermore, amelanotic metastases in 
amelanotic melanoma are linked to a poorer prognosis, 
as documented in the literature (5).

The anatomical distribution of amelanotic mela-
noma varies by gender. In males, these lesions are typ-
ically located on the trunk, whereas in females they are 
more commonly found on the limbs. In contrast to these 
trends, the present case involves a female patient with 
an amelanotic melanoma located on the trunk (19).

Systemic therapy is recommended for stage III 
cutaneous melanoma following wide local excision, 
with or without sentinel lymph node biopsy and lymph 
node dissection (12–15). Evaluation for potential he-
reditary syndromes and appropriate genetic referral 
should also be considered.

CONCLUSION
Primary amelanotic melanoma with muscle in-

volvement is exceptionally rare. A review of the litera-
ture revealed no series or case reports.

This case underscores the importance of early 
detection and treatment in suspected melanoma and 
highlights the need to consider melanoma in all clin-
ically unclear cases. Due to the aggressive nature of 
the disease, timely surgical management and careful 
monitoring are essential to address potential metasta-
ses and ensure comprehensive care.
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Sažetak

IZAZOVAN KLINIČKI SLUČAJ U SEVERNOJ MAKEDONIJI: 
REDAK SLUČAJ AMELANOTIČNOG MELANOMA SA INVAZIJOM TRAPEZASTOG 

MIŠIĆA I METASTATSKOM BOLEŠĆU
Peneva Margarita,1 Gjorgjeska Andrijana,1 Zhogovska Elizabeta,1 Ivanova Maja,2  

Aleksovski Darko,1 Baneva Evgenija,2 Breshkovska Hristina3 

1 Univerzitet Svetog Ćirila i Metodija, Medicinski fakultet, Univerzitetska klinika za plastičnu i rekonstruktivnu hirurgiju,  
Skoplje, Severna Makedonija 

2 Univerzitet Svetog Ćirila i Metodija, Medicinski fakultet, Univerzitetska klinika za onkologiju i radioterapiju,  
Skoplje, Severna Makedonija  

3 Univerzitet Svetog Ćirila i Metodija, Medicinski fakultet, Univerzitetska klinika za dermatologiju, Skoplje, Severna Makedonija

Uvod: Amelanotični melanom je podtip mela-
noma koji pri vizuelnom ili histološkom pregledu 
pokazuje malo ili nimalo pigmenta. Čini 1–8% svih 

melanoma. Može imitirati različite benigne i maligne 
tumore kože, kako melanocitne tako i nemelanocitne, 
što često predstavlja dijagnostički izazov. Primarni 
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amelanotični melanom sa zahvatanjem mišića je izu-
zetno redak, a u literaturi nisu opisane serije slučajeva 
ili pojedinačni izveštaji.

Prikaz slučaja: Predstavljamo slučaj 62-godišnje 
pacijentkinje sa primarnim amelanotičnim melanomom 
koji infiltriše trapezasti mišić. Tumor je hirurški odstra-
njen zajedno sa klinički pozitivnim limfnim čvorom sa 
desne strane vrata. CT pluća, abdomena i karlice pokazao 
je bilateralne difuzne nodularne promene, pretrahealni 
mediastinalni limfni čvor i više difuznih lezija u jetri, u 
skladu sa sekundarnim promenama. Molekularna analiza 
otkrila je BRAF V600E2/K/R/D mutaciju, te je pacijent-

kinja započela ciljanu terapiju BRAF/MEK inhibitorima 
po protokolu za BRAF-pozitivni metastatski melanom. 
Tri meseca kasnije kontrolni CT je pokazao potpunu re-
misiju prethodno registrovanih metastatskih promena.

Zaključak: Primarni amelanotični melanom sa 
zahvatanjem mišića je izuzetno redak, bez ranije obja-
vljenih slučajeva. Ovaj slučaj ističe značaj ranog otkri-
vanja i pravovremenog lečenja sumnjivih melanoma i 
podseća da melanom treba razmatrati u svim klinički 
nejasnim slučajevima.

Ključne reči: amelanotični melanom, infiltracija 
mišića, trapezasti mišić, metastatska bolest.
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Abstract: Mucinous adenocarcinoma of the colon 
(MAC) is a distinct histological subtype of colorectal 
cancer (CRC), defined by the presence of ≥ 50% ex-
tracellular mucin. This CRC subtype exhibits unique 
clinical and molecular characteristics, including more 
frequent localization in the right colon, higher preva-
lence among younger patients, and associations with 
microsatellite instability-high (MSI-H) and BRAF 
gene mutations. Evidence suggests that MAC demon-
strates a poorer response to conventional therapies; 
however, the independent prognostic value of the mu-
cinous component remains unclear.

This narrative review aims to evaluate the prog-
nostic significance of the mucinous component in 
CRC. Twenty relevant studies published between 2018 
and 2025 were analyzed. Results indicate that MAC 
is more often detected at advanced stages and shows 
a weaker response to fluorouracil-based regimens 
and neoadjuvant chemoradiotherapy in rectal tumors. 
Nonetheless, several studies reported no significant 
difference in overall survival between mucinous and 
non-mucinous carcinomas. Additionally, immune-re-
lated factors such as tumor-infiltrating lymphocytes 
(TILs) and desmoplasia are gaining importance and 
may have greater prognostic value than mucinous dif-
ferentiation itself.

MAC also frequently exhibits marked molecular 
heterogeneity, complicating prognosis and treatment 
decisions. Consequently, careful patient monitoring 
and timely molecular profiling are essential for op-
timizing therapy. Novel artificial intelligence–based 
models that integrate histological images, molecular 
biomarkers, and clinical data show promise for per-
sonalizing treatment in MAC.

In conclusion, although MAC is currently treated 
according to standard CRC guidelines, its distinct fea-
tures underscore the need for individualized therapeu-
tic approaches and further clinical research.

Keywords: mucinous adenocarcinoma, colorectal 
cancer, prognosis, MSI-H, treatment response.

INTRODUCTION

Colorectal cancer (CRC) is among the leading 
causes of cancer incidence and mortality worldwide, 
particularly in countries with medium to high socio-
economic status. Mucinous adenocarcinoma of the 
colon (MAC) is a distinct histological subtype of 
CRC, defined by the presence of ≥ 50% extracellu-
lar mucin within the tumor. This subtype is charac-
terized by specific features, including preferential 
localization in the right colon, higher prevalence 
among younger patients, high microsatellite instabil-
ity (MSI-H), BRAF gene mutations, and a general-
ly poorer response to therapy, especially fluoroura-
cil-based chemotherapy (1).

In contrast to non-mucinous adenocarcinomas, 
which often show different biological behavior and 
clinical outcomes, mucinous adenocarcinomas exhibit 
notable heterogeneity and distinct patterns of invasion 
and metastasis. However, the independent prognostic 
significance of the mucinous component remains a 
subject of ongoing debate.

The aim of this paper is to explore the prognostic 
potential of the mucinous component in colon adeno-
carcinoma through a narrative review of recent litera-
ture and to evaluate its clinical relevance.

THE ROLE OF THE MUCINOUS COMPONENT AS AN INDEPENDENT 
PREDICTIVE FACTOR IN COLORECTAL ADENOCARCINOMA THERAPY 

- THE POTENTIAL OF ARTIFICIAL INTELLIGENCE AS AN ADJUNCT 
TOOL TO IMPROVE TREATMENT OUTCOMES
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Histopathological  
and Molecular Characteristics 
of Mucinous Adenocarcinoma
Mucinous adenocarcinoma of the colon (MAC) 

represents a histologically distinct and biologically 
unique subgroup of colorectal cancer (CRC), with its 
presence significantly influencing clinical presenta-
tion, therapeutic response, and disease outcomes. De-
fined by the presence of ≥ 50% extracellular mucin in 
tumor tissue, MAC encompasses a complex biological 
background beyond its histological classification.

Numerous studies suggest that MAC is not sim-
ply a histological variant but a tumor type marked by a 
distinct molecular profile and immune microenviron-
ment, which poses challenges for standard treatment 
protocols and raises important questions about its in-
dependent prognostic value.

Epidemiological data indicate that MAC occurs 
more frequently in the right colon and among young-
er patients, often diagnosed at advanced stages (2–5). 
Analyses of the SEER database confirm that mucinous 
tumors are more commonly identified at stages III and 
IV, reflecting their aggressive clinical behavior (3, 5). 
Additionally, MAC is more frequently associated with 
high microsatellite instability (MSI-H) and BRAF mu-
tations, which contribute to its biological uniqueness 
and have important therapeutic implications (1, 6).

However, the molecular heterogeneity within MAC 
raises the question of whether all mucinous adenocarcino-
mas should be regarded as a single homogeneous group.

Immune Microenvironment  
and Prognostic Indicators
Beyond molecular factors, the immune landscape 

of MAC has attracted increasing attention. Tumor-in-
filtrating lymphocytes (TILs) hold particular prognos-
tic significance as strong predictors of survival. Fadel 
et al. emphasize that the density of lymphocytic infil-
tration and the presence of desmoplasia have greater 
predictive value for survival than mucinous differen-
tiation alone (3). High lymphocyte density correlates 
with a more robust immune response and better prog-
nosis, whereas desmoplasia — reactive fibrous prolif-
eration surrounding the tumor — is linked to a more 
aggressive disease phenotype and poorer outcome.

Kepil et al. thoroughly characterized the immune 
phenotype of mucinous tumors, highlighting signif-
icant differences in the expression of immune mark-
ers (PD-L1, CD8+ T-cells, macrophages CD68 and 
CD163) compared to non-mucinous tumors (7). These 
alterations suggest distinct immune evasion mecha-
nisms and potentially differential responses to immu-
notherapy. Methodologically, the study employed im-

munohistochemistry to precisely localize and quantify 
these markers, contributing to the reliability of find-
ings and advancing understanding of the mucinous tu-
mor microenvironment.

Controversies in Prognosis  
and Therapeutic Implications
Prognostic data for MAC remain heterogeneous. 

Kim et al. reported poorer prognosis and diminished 
response to adjuvant chemotherapy in stages II and III 
compared to non-mucinous tumors (4). Conversely, 
Huang et al. and Dai et al. found no significant dif-
ferences in outcomes at earlier disease stages (8, 9). 
These findings suggest that mucinous histology alone 
is insufficient as an independent prognostic factor, un-
derscoring the need to integrate molecular, histologi-
cal, and immune parameters.

Chemotherapy Resistance  
and Limitations of Standard Treatment
Therapeutic response in MAC further complicates 

clinical management. Standard CRC regimens include 
FOLFOX, CAPOX, and FOLFIRI; however, MAC tu-
mors often exhibit resistance to fluorouracil-based thera-
pies, especially those with MSI-H and BRAF mutations 
(1, 6–11). A meta-analysis by McCawley et al. demon-
strated that mucinous rectal adenocarcinoma responds 
significantly worse to neoadjuvant chemoradiotherapy, 
evidenced by lower pathological regression, higher rates 
of positive surgical margins, and inferior overall progno-
sis compared to non-mucinous tumors (10). These differ-
ences are attributed to the unique biological properties 
and microenvironment of mucinous tumors, highlighting 
the necessity for individualized therapeutic approaches.

While RAS wild-type status remains a key criterion 
for selecting patients for anti-EGFR therapy, Moretto et 
al. showed that the presence of a mucinous component 
may substantially reduce the efficacy of this treatment 
even in patients with molecular markers of sensitivity 
(11). This suggests that tumor histological subtype in-
dependently influences therapeutic response, advocat-
ing for an integrated approach that incorporates both 
molecular and histopathological tumor characteristics.

Secondary Tumor Risk  
and Surveillance Considerations
Wu et al. analyzed the risk of secondary malignan-

cies in patients with various CRC histological subtypes, 
including MAC, and identified specific patterns of new 
tumor development with elevated risks for certain second-
ary primary tumors (12). These findings emphasize the 
need for vigilant long-term follow-up and consideration 
of histological subtype in secondary prevention strategies.
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Emerging Role of Immunotherapy  
in MSI-H Mucinous CRC
Immunotherapy, particularly anti-PD-1 blockade, 

shows significant promise in MSI-H mucinous carcino-
mas, offering novel treatment options for this subgroup 
characterized by poor chemotherapy response. Interest 
in applying artificial intelligence (AI) and radiomics 
for personalized therapy is rapidly increasing, as these 
approaches enable integration of multidimensional data 
and more precise prediction of therapeutic outcomes.

Radiomics and Artificial Intelligence  
in Precision Oncology
Radiomics—the quantitative analysis of medical 

imaging data (CT, MRI)—combined with AI facili-
tates prediction of tumor molecular features (KRAS, 
NRAS, BRAF mutations) and assessment of treatment 
response. Yang et al. successfully predicted these mu-
tations using CT-based radiomics (13). Shaish et al. 
demonstrated that MRI-radiomics can predict response 
to neoadjuvant chemoradiotherapy in locally advanced 
rectal cancer (14). Li et al. developed machine learn-
ing models to preoperatively predict perineural inva-
sion and KRAS mutation, with direct clinical applica-
tions (15). Within the ATTRACT study, Caruso et al. 
applied radiogenomics to identify high-risk colorectal 
tumors, paving the way for integrated strategies to de-
tect biologically aggressive MACs (16, 17). Golia Per-
nicka et al. showed that MSI status can be predicted 
using radiomics from baseline CT scans (18), while 
Abbaspour et al. successfully predicted lymph node 
metastasis preoperatively with radiomics (19).

Although these data confirm the considerable 
potential of radiomics and AI in optimizing MAC 
therapy, widespread clinical implementation requires 
further research, methodological standardization, and 
validation through prospective multicenter studies.

CONCLUSION
Mucinous adenocarcinoma of the colon repre-

sents a biologically and clinically distinct subgroup 
of colorectal cancer, characterized by unique molec-
ular, histological, and immunological features that 
significantly influence therapeutic response and po-
tentially impact patient survival. Although multiple 
studies have reported a poorer prognosis associated 
with MAC, especially in advanced disease stages, the 
prognostic value of the mucinous component alone re-
mains controversial and appears to be modulated by 
additional factors such as molecular alterations and the 
tumor immune microenvironment.

The integration of molecular biomarkers—in-
cluding MSI status, BRAF and RAS mutations—with 

immune indicators like tumor-infiltrating lymphocytes 
and immune checkpoint expression offers a promising 
avenue for personalizing therapeutic strategies in this 
subgroup. Moreover, emerging technologies such as ra-
diomics and artificial intelligence hold considerable po-
tential to enhance preoperative tumor characterization, 
predict treatment response, and refine risk stratification.

To translate these advances into clinical practice, 
further prospective, multicenter studies are required 
to validate stratification models and optimize tailored 
treatment protocols specifically for patients with mu-
cinous adenocarcinoma. Such efforts are essential to 
improve clinical outcomes and advance precision on-
cology for this challenging CRC subtype.
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Mucinozni adenokarcinom kolona (MAC) je po-
sebna histološka varijanta kolorektalnog karcinoma 
(CRC), definisana prisustvom ≥ 50% ekstracelularnog 
mucina. Ovaj podtip CRC-a ima različite kliničke i 
molekularne karakteristike, kao što su češća lokaliza-
cija u desnom kolonu, viša prevalence kod mlađih pa-
cijenata, prisustvo mikrosatelitske nestabilnosti (MSI-
-H), kao i mutacije u BRAF genu. Postoje indicije da 
MAC pokazuje slabiji odgovor na konvencionalne te-
rapije, ali ostaje pitanje da li mucinozna komponenta 
ima nezavisan prognostički značaj.

U ovom radu prikazan je narativni pregled litera-
ture sa ciljem procene prognostičke vrednosti mucino-
zne komponente kod CRC. U analizu je uključeno 20 
relevantnih studija objavljenih u periodu od 2018. do 
2025. godine. Rezultati ukazuju da MAC češće biva 
otkriven u uznapredovalim stadijumima bolesti i po-
kazuje slabiji odgovor na fluorouracil-bazirane proto-
kole i neoadjuvantnu radiohemoterapiju kod rektalnih 
tumora. Ipak, nekoliko studija nije pronašlo značajnu 

razliku u ukupnom preživljavanju između mucinoznih 
i nemucinoznih karcinoma. Pored toga, sve veći zna-
čaj imaju imunološki faktori kao što su prisustvo TILs 
i desmoplazije, koji mogu nadmašiti prognostički uti-
caj same mucinozne diferencijacije.

Zapaženo je i da MAC često pokazuje izraženi-
ju molekularnu heterogenost, što dodatno komplikuje 
prognozu i terapijski pristup. U tom kontekstu, pažlji-
vo praćenje bolesnika i pravovremena molekularna 
karakterizacija postaju od ključnog značaja za opti-
malno lečenje. Novi modeli zasnovani na veštačkoj in-
teligenciji, koji integrišu histološke slike, molekularne 
biomarkere i kliničke podatke, ukazuju na potencijal u 
personalizaciji terapije za MAC. U zaključku, iako se 
MAC leči prema važećim CRC smernicama, njegove 
specifičnosti ukazuju na potrebu za individualizova-
nim terapijskim pristupom i daljim kliničkim istraži-
vanjima.

Ključne reči: mucinozni adenokarcinom, kolorek-
talni karcinom, prognoza, MSI-H, terapijski odgovor.
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Abstract: Diabetes mellitus (DM) represents a 
significant public health problem, and Type 2 Diabetes 
Mellitus (DM2) is the most common form of this dis-
ease, accounting for about 90% of all DM cases world-
wide. The prevalence of DM2 has reached pandemic 
proportions, especially in developed countries. Studies 
have shown that a low level of health literacy among 
patients with DM2 can be a significant predictor of 
premature death, disability, and increased healthcare 
costs. It is important to emphasize patient education 
to reduce mortality and improve the quality of life for 
DM2 patients. This review is based on a search of sci-
entific literature, focusing on original research articles 
and meta-analyses found in scientific databases such 
as PubMed, SCOPUS, MEDLINE, and SCI Index, all 
published within the last ten years. The search focused 
on topics related to the public health issue of DM2 and 
the health literacy of affected individuals. Key terms 
used in the search included diabetes mellitus, Type 2 
diabetes mellitus, prevention, health education, pub-
lic health, risk factors, and others. Studies have shown 
that a low level of health literacy among DM2 patients 
can significantly increase the risk of premature death 
and disability, as well as healthcare costs. It is crucial 
to emphasize patient education to reduce mortality and 
improve the quality of life for DM2 patients.

Keywords: Diabetes mellitus, risk factors, obesi-
ty, cardiovascular disease, prevention, education.

INTRODUCTION 
DM is a significant public health problem, lead-

ing to severe complications due to inadequate glucose 
regulation and control, which causes considerable dis-
ability, mortality, and economic consequences for both 
individuals and countries (1, 2). DM is a metabolic 
disorder characterized by persistent hyperglycemia (3). 
Today, DM is one of the leading causes of death from 

chronic non-communicable diseases (3). The impor-
tance of this disease lies in its potential to cause nu-
merous complications, leading to increased morbidity 
and mortality (3, 4). DM2 is the most common form 
of this disease, making up about 90% of all DM cas-
es globally (5). The prevalence of DM2 has reached 
pandemic levels, especially in developed countries (6). 
DM2 results from mutations in multiple genetic loci 
and the involvement of about 250 polymorphic genes. 
Genetic predisposition does not always lead to disease 
development, but favorable conditions, such as reduced 
physical activity, obesity, and aging, can accelerate the 
onset of the disease (7, 8). In terms of complications, 
DM2 has become a significant cause of morbidity and 
mortality in European countries, leading to persistent 
economic and individual burdens of diabetes (9, 10).
The World Health Organization (WHO) and the Inter-
national Diabetes Federation estimate that in 2019, 463 
million people globally were affected by DM, and that 
number is expected to rise to 700 million by 2045 (11). 
Studies suggest that in 2015, the global prevalence of 
DM2 was 8.8%, with an anticipated increase to 10.4% 
by 2040 (12, 13). This paper aims to provide an over-
view of the significance of DM and its threat to pub-
lic health, as well as the importance of health literacy 
for DM2 patients. It is evident that in recent years, a 
younger population has been increasingly affected by 
this disease. This highlights the importance of early 
preventive measures and the need for information dis-
semination, particularly for healthcare professionals 
like nurses, who play a crucial role in patient education, 
prevention, diagnosis, treatment, and care, especially in 
preventing disease and educating patients with DM2.

METHODOLOGY 
This review is based on a search of scientific lit-

erature, with a particular focus on original research 
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articles and meta-analyses available in scientific data-
bases such as PubMed, SCOPUS, MEDLINE, and SCI 
Index, published within the last ten years. The search 
focused on topics related to the public health issue of 
DM2 and health literacy among patients. Key search 
terms included diabetes mellitus, Type 2 diabetes mel-
litus, prevention, health education, public health, and 
risk factors.

Type 2 diabetes mellitus  
as a public health problem

Globally, the WHO DIAMOND project regis-
ters show that in high-income countries, the preva-
lence of Type 2 diabetes is highest among the poor-
est individuals, though some data indicate a reversal 
of this trend in middle-income countries (14, 15). A 
significant point to highlight is the variation in undi-
agnosed Type 2 diabetes from region to region. Data 
from seven countries have shown that diabetes is un-
diagnosed and untreated in 24% to 62% of individuals 
(14, 15). The literature suggests that complications of 
DM are significantly more common than other chronic 
non-communicable diseases if not recognized in time, 
and people with lower health literacy are more prone 
to complications (14, 15). DM2 is a chronic health 
condition that is reaching alarming global rates, and a 
healthy population is an important indicator of health 
culture (15-17). Persistently high blood sugar levels 
over time can cause significant damage to individu-
al organs (15, 16).DM has become one of the leading 
public health problems of the 21st century, and WHO 
projects that by 2025, 200–300 million people world-
wide will be affected by the disease, leading to around 
6 million new cases annually (according to the Centers 
for Disease Control and Prevention – CDC) (18). The 
highest prevalence of DM2 is found in Southeast Asia. 
In the United States, DM2 is the sixth leading cause 
of death among all diseases, and third in some ethnic 
populations (18). The emergence of DM2 is linked 
to changes in lifestyle and the increasing standard of 
living in many Western European countries and the 
United States. Key risk factors include genetic predis-
position and environmental factors. Among the main 
causes of this disease are obesity (particularly visceral 
obesity), lack of or reduced physical activity, seden-
tary lifestyle, poor diet and food preparation, and peri-
natal factors (19). Globally, approximately 540 million 
adults (one in 11) live with diabetes, and by 2045, this 
number is expected to rise to 783 million (one in eight 
adults) (20, 21). Incidence of DM2 increases with 
age, with the highest rates occurring between 55 and 
59 years, slightly earlier in men than in women (16). 
Over the past three decades, there have been no ma-

jor changes in the age distribution of DM2 incidence 
or prevalence, but with the rising obesity epidemic, 
there is an expectation that younger age groups with 
risk factors will increasingly be affected by DM2 (22-
24). DM2 is a leading risk factor for ischemic cere-
brovascular disease or stroke. Studies have shown that 
the pathophysiology of strokes and transient ischemic 
attacks in people with DM2 complications is due to 
cerebral hemodynamic and vascular disturbances, hy-
perglycemia, and other associated risk factors. One of 
the most common complications of DM2 is diabetic 
polyneuropathy, which can exist with or without neu-
ropathic pain. Its incidence increases with the duration 
of diabetes. About 50% of patients with DM2 suffer 
from this condition, compared to around 30% with 
Type 1 diabetes (DM1). These complications signifi-
cantly reduce quality of life, shorten life expectancy, 
and further increase the already rising cost of diabetes 
treatment (25). It has been proven that the etiopath-
ogenic mechanism of strokes and transient ischemic 
attacks in individuals with complications from DM2 
is a consequence of cerebral hemodynamic and vascu-
lar disorders, hyperglycemia, and other associated risk 
factors in the older population with DM2 (26). 

The importance of health literacy  
in people with type 2 diabetes mellitus 

Health literacy is a crucial determinant of health in 
a population and serves as a foundation for responsible 
individual and family behavior in managing chronic 
conditions. The European Union (EU) recognizes the 
importance of health literacy for improving healthcare 
across the EU. According to WHO, health literacy is 
an indicator of a country’s health status. Literature 
suggests that individuals with lower health literacy are 
more prone to complications from diabetes and more 
likely to use healthcare services than informed and 
health-literate patients (14, 15). As DM2 is a chronic 
health condition reaching alarming global rates, health 
literacy serves as an important indicator of population 
health (15-17). Persistent high blood sugar over time 
can cause damage, dysfunction, or loss of function in 
various organs, most commonly the heart and blood 
vessels, kidneys, and nervous system. The complica-
tions of DM2 are inevitable, but early disease recogni-
tion, self-monitoring, balanced diet, and physical activ-
ity can significantly help delay complications (15, 16).
The study by Poulimeneas D and colleagues showed 
that knowledge about DM2 improves blood sugar 
control and is associated with several demographic 
parameters. Greece is a country with a high obesity 
rate, and knowledge about the disease had never been 
evaluated in diabetics before this study. The aim of this 
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study was to assess knowledge about DM2. The ques-
tionnaire on disease knowledge was correlated with 
blood glucose levels and sociodemographic charac-
teristics of the participants, showing poor knowledge 
of the disease (mean DKT score 8.3 ± 2.2/14.0 and 
mean DKT as a percentage of correct answers 59.6 ± 
15.8%). This study showed the urgent need for train-
ing and education for patients with DM2 in Greece to 
improve disease outcomes (27). In the study by Bains 
SS and colleagues, who assessed knowledge among 
patients in primary healthcare, participants filled out 
survey questionnaires related to their knowledge of 
their own disease, health literacy, diabetes knowledge, 
and self-care (28). The majority of the sample in this 
study was younger than 65 years, and it was found 
that health literacy influences the course of the dis-
ease and complications through diabetes knowledge 
(28). The meta-analysis by Marciano L and colleagues 
focused on quantitative findings about the relation-
ship between health literacy and diabetes knowledge, 
self-management activities, and blood glucose control 
outcomes related to the disease and the assessment of 
health literacy. Key studies included patients with type 
1 (DM1) and/or type 2 diabetes aged 18 or older and 
provided an estimated effect size for functional health 
literacy and diabetes knowledge, self-management ac-
tivities, or HbA1C. This meta-analysis included a to-
tal of 61 studies with 18,905 patients. Most of these 
studies were conducted in the United States on patients 
with type 2 diabetes, using S-TOFHLA as a measure 
of functional health literacy based on performance or 
BHLS as a measure based on perception. The results 
showed that all three outcomes were associated with 
health literacy. This study concluded that the health lit-
eracy of patients with DM2 plays a significant role in 
diabetes knowledge (29). As for DM2, a large number 
of studies assessing the relationship between health lit-
eracy and diabetes knowledge concluded that the con-

nection between health literacy and diabetes is crucial 
for the prevention of complications (30-32). The study 
by Santa Cruz-Álvarez P and colleagues suggests 
that developing educational programs for adolescents 
with DM2 transitioning from pediatric to adult care is 
important for maintaining blood glucose control and 
emotional well-being, which are key predictors for the 
prevention and delay of complications from hyperg-
lycemia in individuals with DM2 (33). The study by 
Fernández-Duque MV and colleagues suggests that 
patient education for DM2 should be included in pri-
mary healthcare institutions, where there are five pil-
lars of DM2 treatment, and patients need to be educat-
ed about nutrition, exercise, self-monitoring of blood 
glucose, medications, and controlling vascular risk 
factors for DM2 complications (34). Studies suggest 
that health literacy in patients with DM2 has a small 
but significant impact on better blood glucose control, 
measured by HbA1C (35-37). The fundamental role 
in developing appropriate educational and health pro-
grams about diabetes primarily falls to nurses based 
on the analysis of learning needs and patient charac-
teristics. These health literacy education programs for 
DM2 patients could reduce or prevent complications 
associated with this widespread chronic disease. One 
of the leading aspects that should be considered is that 
patients with diabetes mellitus should be committed to 
proper nutrition, which should exclude foods contain-
ing simple sugars. This is because the progression of 
DM2 leads to certain acute or chronic complications, 
most often in the blood vessels and nerves. Unfortu-
nately, due to the unpredictable nature of this disease, 
many patients remain undiagnosed until serious com-
plications appear, which significantly impact prema-
ture mortality and disability in individuals with DM2. 
This also represents a major public health issue (38-
42). In Table 1, we present a brief overview of some of 
the relevant studies that we analyzed in review paper.

Table 1. Systematic reviews of papers published in 8 journals in the last 10 years

Reference Publication 
Year Journal

Marciano LYesilbas 29 2019 J Gen Intern Med

Ogurtsova Ket al30 2017 Diabetes Res ClinPract

Santa Cruz-Álvarez Pet al33 2024 Endocrinol Diabetes Nutr

Gomes MB35 2018 Patient Prefer Adherence

Kueh YC36 2017 Psychol Health Med

Kueh YC37 2015 Health Qual Life Outcomes

Alhaik S38 2019 Diabetes MetabSyndr.

Zowgar AM39 2018 Saudi Med J.
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CONCLUSION 
As the number of diabetes cases continues to 

grow rapidly and patients live longer, healthcare sys-
tems will face increasing challenges inmeeting their 
needs. Therefore, new and less resource-intensive care 
models for diabetes are necessary to address this rising 
demand. Given that nearly half of the adult population 
is expected to develop diabetes during their lifetime, 
advances in diabetes outcomes will soon be outpaced 
by the sheer number of people requiring care. Prima-
ry prevention strategies are urgently needed. Strong 
evidence has shown that diabetes can be prevented 
through lifestyle changes, and the role of healthcare 
professionals, particularly nurses, in educating the 
population and providing health education at all lev-
els of healthcare, with an emphasis on primary care, is 
crucial to detect this disease early and prevent compli-
cations. Only a population-based prevention approach 
can address this scale of the problem. Prevention 
strategies should include optimizing urban planning, 
food marketing policies, and creating work and school 
environments that allow individuals to adopt health-
ier lifestyles. Studies have shown that a low level of 
health literacy among DM2 patients is a significant 
predictor of premature death, disability, and increased 

healthcare costs. Therefore, it is important to focus on 
patient education to reduce mortality and improve the 
quality of life for DM2 patients.
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Sažetak

DIJABETES MELITUS TIP 2 - ZNAČAJ  
ZDRAVSTVENOG PROSVEĆIVANJA OBOLELIH: PREGLED

Peličić Damir,1, 2 Đukić Vukica1

1 Klinički centar Crne Gore, Podgorica, Crna Gora 
2 Univerzitet Crne Gore, Medicinski fakultet, Visoka medicinska škola Berane, Crna Gora

Dijabetes melitus (lat. Diabetes mellitus, DM) 
predstavlja značajan javnozdravstveni problem, a Di-
jabetes melitus tip dva ( DM2), je najčešći oblik ove 
bolesti koji čini oko 90% svih obolelih od DM u svetu. 
Učestalost DM2 ima pandemijske razmere, posebno u 
razvijenim zemljama. Studije u svetu su pokazale da 
je nizak stepen zdravstvene pismenosti bolesnika sa 
DM2 što može biti značajan prediktor za prerano umi-
ranje i invaliditet i povećane troškove za negu i lečenje 
ovih bolesnika. Značajno je staviti akcenat na edukaci-
ju bolesnika kako bi se smanjio mortalitet i poboljšao 
kvalitet života bolesnika sa DM2. Ovaj pregledni rad 
se temelji na pretraživanju naučne literature, sa poseb-
nim fokusom na originalne naučne članke i metaana-
lize koje se nalaze u naučnim bazama podataka: Pub-
Med, SCOPUS, MEDLINE i SCI index i druge, koje 

nisu starije od deset godina. Pretraživanje publikacija 
se odnosilo na temu vezano za javnozdravstveni pro-
blem DM2 i zdravstvenu pismenost obolelih. Za po-
trebe ovog članka koristili smo ključne reči: Dijabetes 
melitus, dijabetes melitus tip 2, prevencija, zdravstve-
no prosvećivanje, javno zdravlje, faktori rizika i druge. 
Studije u svetu su pokazale da je nizak stepen zdrav-
stvene pismenosti bolesnika sa DM2 što može biti 
značajan prediktor za prerano umiranje i invaliditet i 
povećane troškove za negu i lečenje ovih bolesnika. 
Značajno je staviti akcenat na edukaciju bolesnika ka-
ko bi se smanjio mortalitet i poboljšao kvalitet života 
bolesnika sa DM2.

Ključne reči: Dijabetes Melitus, faktori rizika, 
gojaznost, kardiovaskularne bolesti, prevencija, edu-
kacija.
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Naslovna strana. Naslovna strana sadrži naslov 
rada, kratak naslov rada (do 50 slovnih mesta), puna 
prezimena i imena svih autora, naziv i mesto instituci
je u kojoj je rad izvršen, zahvalnost za pomoć u izvr
šenju rada (ako je ima), objašnjenje skraćenica koje su 
korišćene u tekstu (ako ih je bilo) i u donjem desnom 
uglu ime i adresu autora sa kojim će se obavljati kore
spondencija.

Naslov rada treba da bude sažet, ali informativan.
Ako je potrebno, može se dodati i podnaslov.
Kratak naslov treba da sadrži najbitnije informa

cije iz punog naslova rada, ali ne sme biti duži od 50 
slovnih mesta.

Ako je bilo materijalne ili neke druge pomoći u 
izradi rada, onda se može sažeto izreći zahvalnost oso
bama ili institucijama koje su tu pomoć pružile.

Treba otkucati listu svih skraćenica upotrebljenih 
u tekstu. Lista mora biti uređena po abecednom redu 
pri čemu svaku skraćenicu sledi objašnjenje. Uopšte, 
skraćenice treba izbegavati, ako nisu neophodne.

U donjem desnom uglu naslovne strane treba ot
kucati ime i prezime, telefonski broj, broj faksa i tačnu 
adresu autora sa kojim ce se obavljati korespodencija.

Stra­ni­ca sa sa­žet­kom. Sažetak mora imati do 
400 reči. Treba koncizno da iskaže cilj, rezultate i za
ključak rada koji je opisan u rukopisu. Sažetak ne mo
že sadržati skraćenice, fusnote i reference.

Ključ­ne re­či. Ispod sažetka treba navesti 3 do 8 
ključnih reči koje su potrebne za indeksiranje rada. 
U izboru ključnih reči koristiti Medical Subject Hea
dings — MeSH.

Stra­ni­ca sa sa­žet­kom na en­gle­skom je­zi­ku. Tre
ba da sadrži pun naslov rada na engleskom jeziku, kra
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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