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Introduction. Hemophilia is a genetic disorder characterized by impaired blood coagulation, leading to increased bleeding 
risk. The severity of hemophilia varies significantly among individuals, influenced by genetic factors, family inheritance 
patterns, and the occurrence of complications such as hemarthrosis. Understanding these interrelationships is crucial for 
developing tailored management strategies for affected children. The purpose of this article is to explore the correlations 
between clinical severity and various factors, including modes of inheritance, hemarthrosis incidence, types of genetic 
mutations, and inhibitor presence in pediatric patients with hemophilia. By elucidating these relationships, the study aims 
to contribute to improved diagnostic and therapeutic approaches in this population.

Material and methods. This retrospective analysis included 90 pediatric patients diagnosed with hemophilia. Clinical 
data regarding disease severity, inheritance patterns, hemarthrosis incidents, genetic mutation types, and inhibitor levels 
were collected and analyzed statistically to identify significant associations.

Results. The analysis revealed a strong correlation between familial inheritance patterns and disease severity, with 
moderate forms predominating in known inheritance cases. Hemarthrosis was most prevalent in severe cases, particularly 
affecting the knee and elbow joints. The study also found significant associations between genetic mutations, especially 
missense mutations, and the severity of hemophilia. Furthermore, elevated inhibitor levels were exclusively observed in 
severe forms of the disease.

Conclusions. The findings highlight the intricate relationships between clinical characteristics and hemophilia severity, 
emphasizing the necessity for individualized treatment strategies. Understanding these dynamics can facilitate better 
management of hemophilia in pediatric patients, ultimately improving their quality of life.

Keywords: hemophilia, pediatric patients, disease severity, genetic mutations, hemarthrosis, inhibitors, personalized 
treatment.
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K e y  m e s s a g e s

What is not yet known about the issue addressed in the sub-
mitted manuscript 
The interaction between clinical and paraclinical parameters and 
its variation with hemophilia severity in pediatric patients is not 
fully understood. Limited data exist on the predictive value of spe-
cific parameter combinations for disease progression and treat-
ment response, particularly in children. Additionally, the impact of 
individualized treatment models on these relationships remains 
unclear, hindering the optimization of pediatric hemophilia man-
agement.
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Introduction 
Hemophilia is a hereditary bleeding disorder characterized 

by the deficiency of specific coagulation factors, leading to a 
predisposition to bleeding episodes. This condition primarily 
affects males and is caused by mutations in the genes responsi-
ble for producing clotting factors VIII (hemophilia A) or IX (he-
mophilia B). The severity of hemophilia can vary significantly 
among individuals, depending on the specific genetic mutations 
and their effects on factor levels. Children with hemophilia of-
ten experience spontaneous bleeding episodes, particularly 
into joints and muscles, which can lead to long-term complica-
tions, including joint damage and reduced quality of life [1].

Recent advancements in our understanding of hemo-
philia have highlighted the importance of genotype-pheno-
type correlations. The type of mutation present can influ-
ence the clinical manifestations of the disease, with certain 
mutations being associated with more severe bleeding ten-
dencies [2, 3]. For example, missense mutations may lead 
to moderate forms of hemophilia, while frameshift or non-
sense mutations often result in severe disease [4, 5]. Fur-
thermore, the pattern of inheritance can also impact the 
severity of hemophilia. Studies have shown that sporadic 
cases of hemophilia may have different clinical outcomes 
compared to familial cases, with implications for manage-
ment and treatment [6, 7].

Another critical aspect of hemophilia management is the 
assessment of joint health, particularly regarding hemar-
throsis, which is a common complication. Joint bleeding ep-
isodes can lead to chronic pain and disability, significantly 
affecting the patient’s quality of life [8, 9]. Research indi-
cates that the frequency and severity of hemarthrosis are 
correlated with the severity of hemophilia, with children 
experiencing severe forms of the disorder being more like-
ly to suffer from multiple joint bleeds [10, 11]. Therefore, 
a thorough understanding of the clinical parameters asso-
ciated with hemophilia is essential for developing effective 
management strategies [12]. 

Material and methods 
The study was conducted within the Department of Pe-

diatrics of Nicolae Testemițanu State University of Medicine 
and Pharmacy, at the Pediatric Hematology Clinic of Mother 
and Child Institute. It involved 90 children aged 0–18 years 
from urban and rural areas. The research was an observa-
tional, descriptive, cross-sectional, and selective study de-
signed to achieve the proposed aims and objectives. 

Research stages
Participant selection: The research group included 

90 children diagnosed with hemophilia (type A or B), 
aged 0–18 years, citizens of the Republic of Moldova, 
with informed consent signed by parents or guardians. 
Exclusion criteria: participants with other coagulop-
athies, lack of informed consent, or low compliance. 
Participants underwent a comprehensive examination, 
which included: Clinical evaluation (petechiae, purpu-
ra, hematomas, bleeding); Laboratory tests: coagulation 
panel (aPTT (activated Partial Thromboplastin Time), 
PT (Prothrombin Time), fibrinogen), hemoglobin, red 
blood cells, ALT (Alanine Aminotransferase), AST (As-
partate Aminotransferase), bilirubin levels, factors VIII 
and IX; Identification of genetic mutations in FVIII and 
FIX genes in a subgroup of 39 children; Determination 
of inhibitor titers using the national protocol for diag-
nosing inhibitor hemophilia.

Participant classification: Subjects were grouped by type 
of hemophilia: Hemophilia A (factor VIII deficiency) and 
Hemophilia B (factor IX deficiency). Classification based on 
disease severity: mild form: factor VIII/IX between 5–30%, 
moderate form: factor VIII/IX between 1–5%, severe form: 
factor VIII/IX <1%.

Analysis of clinical and genetic relationships: Compar-
ison of hemophilia type with mode of genetic transmis-
sion; Relationship between disease severity and clinical 
manifestations (e.g., hemarthrosis); Phenotype-genotype 
analysis.

Conclusions and recommendations: Based on clinical, 
paraclinical, and genetic results, conclusions were drawn, 
and practical recommendations were formulated. Statistical 
methods: Data were processed using Microsoft Excel and an-
alyzed with IBM SPSS Statistics, version 20. Statistical meth-
ods included: ANOVA (Analysis of Variance): For comparing 
the means of multiple groups; Chi-square test (Χ2): For dif-
ferentiating qualitative variables; validated using the Fisher 
Exact test where necessary; Kruskal-Wallis test: For com-
paring independent groups in cases of non-homogeneous 
variances. Results presentation: The results were presented 
using tables for clear and systematic representation. 

Results
1. Interrelationship between disease severity and 

mode of transmission
In our analysis regarding the association between famil-

The research hypothesis
Specific paraclinical markers may strongly correlate with clinical severity, offering predictive insights into disease progression 
and treatment outcomes. Identifying these markers can guide severity-based, individualized treatment strategies to improve 
pediatric hemophilia care.
The novelty added by the manuscript to the already published scientific literature
The manuscript explores the unique interplay between clinical and paraclinical parameters in pediatric hemophilia, focusing 
on disease severity and providing region-specific insights from Moldova. It highlights how combined markers can guide 
individualized treatment strategies, improving precision in managing the condition.
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ial transmission type and disease severity, we observed the 
following relevant aspects:  

◾◾ Concerning the severity criterion, we found that the 
most frequently encountered familial transmission 
type was associated with moderate forms of the 
disease, present in 45.45% of cases (15 cases). This 
frequency was statistically significantly higher than 
in severe forms, recorded only in 15.91% of cases (7 
children), and mild forms, where no cases were iden-
tified. 

◾◾ In severe forms, the familial transmission type was 
most often unknown, occurring in 54.55% of cases 
(24 children), while in mild forms, this proportion 
was 76.92% (10 children). However, in moderate 
forms, the frequency of cases where the transmis-

sion type was unknown was significantly lower, at 
just 3.03% (Χ2=32.216, df=4 (degrees of freedom), 
p<0.001). 

◾◾ The sporadic familial transmission type was most 
frequently associated with cases of moderate severi-
ty, present in 51.52% of these cases (17 children). In 
contrast, in severe and mild cases, this type of trans-
mission was found in smaller proportions, specifi-
cally 29.55% (13 children) and 23.08% (3 children), 
respectively.  

These findings highlight the complexity of the interac-
tion between the type of familial transmission and the de-
gree of disease severity in the context of hemophilia, under-
scoring the diversity of genetic and clinical characteristics 
of this condition (Table 1).

Table 1. Results of the interrelationship between transmission type and disease severity

Severity

Mild Moderate Severe Total

Absolut % Absolut % Absolut % Absolute %

Transmission 
type

Familial 0 0.00* 15 45.45* 7 15.91* 22 24.44

Unknown 10 76.92* 1 3.03* 24 54.55* 35 38.89

Sporadic 3 23.08 17 51.52 13 29.55 33 36.67

Total 13 100.00 33 100.00 44 100.00 90 100.00

Note: The abbreviations used in the table are as follows: “Familial” refers to cases of hemophilia transmitted through genetic inheritance, “Unknown” indicates 
cases with an unknown family history, and “Sporadic” represents cases of hemophilia occurring in isolation. The values are presented as both absolute numbers 
and percentages (%). The statistical analysis was performed using the Chi-square (χ²) test to compare the distribution of frequencies between the transmission 
types and disease severity. A significance level of p < 0.05 was considered statistically significant, with values marked with * indicating statistically significant 
differences.

2. Interrelationship between disease severity and 
hemarthrosis incidence  

We analyzed the association between hemarthrosis, 
the most common complication in hemophilia, and disease 
severity and identified several significant findings:  

In severe cases, the highest number of joints were affect-
ed, with 4 joints involved in 27.27% of cases (12 children), 
5 joints in 18.18% (8 children), and similarly for cases in-
volving 2 and 3 joints. The involvement of 6 joints was ob-
served in 13.64% (6 children). Only 4.55% (2 children) had 
involvement of a single joint.  

The elbow joint was more frequently affected in severe 
cases, with 54.55% (24 children), where both joints were in-
volved in 31.82% (14 children) and only one in 22.73% (10 
children). In moderate cases, the elbow joint was affected in 
39.39% (13 children), with both joints involved in 36.36% 
(12 children) and only one in 3.03% (1 child). In mild cas-
es, the elbow joint was rarely affected, at only 23.08% (3 
children), and was recorded only in a single joint. In se-
vere cases, the involvement of only one elbow was record-
ed in 22.73% (10 children), significantly more frequently 
than in moderate cases at 3.03% (1 child) (Χ2=11.81, df=4, 
p=0.019).  

Another joint affected was the knee. Similarly, it was 
more frequently affected in severe cases, at 88.64% (39 
children), with both joints involved in 72.73% (32 chil-

dren) and only one in 15.91% (7 children). In moderate 
cases, the knee joint was affected in 93.94% (31 children), 
with both joints involved in 84.85% (28 children) and 
only one in 9.09% (3 children). In mild cases, knee joint 
involvement was recorded equally for both joints and for 
a single joint, each at 38.46% (5 children). In moderate 
cases, the involvement of both knee joints was recorded 
in 84.85% (28 children), significantly more frequent-
ly than in mild cases at 38.46% (5 children) (Χ2=10.07, 
df=4, p=0.039).  

Another affected joint was the ankle. Similarly, it was 
more frequently affected in severe cases, at 72.73% (32 
children), with both joints involved in 43.18% (19 children) 
and only one in 29.55% (13 children). In moderate cases, 
ankle joint involvement was observed in 66.66% (22 chil-
dren), with equal involvement of both or just one joint at 
33.33% (11 children). In mild cases, the ankle joint was 
the least affected at 92.31%, which significantly differed 
from the moderate form at 33.33% and the severe form at 
27.27% (Χ2=7, df=2, p=0.030).  

These observations underline the variety and complexi-
ty of clinical manifestations in hemophilia, highlighting the 
need for a personalized approach and appropriate manage-
ment of complications associated with each degree of sever-
ity (Table 2).



6

Mold J Health Sci. 2025;12(1):3-8Agachi D. et al.

Table 2. Results of the interrelationship between hemarthrosis and 
disease severity

Severity
Mild Moderate Severe Total

Nr. % Nr. % Nr % Nr. %
The 
num-
ber of 
affected 
joints

0 2 15.38 1 3.03 0 0.00 3 3.33
1 5 38.46 0 0.00 2 4.55 7 7.78
2 6 46.15 7 21.21 8 18.18 21 23.33
3 0 0.00 8 24.24 8 18.18 16 17.78
4 0 0.00 10 30.30 12 27.27 22 24.44
5 0 0.00 3 9.09 8 18.18 11 12.22
6 0 0.00 4 12.12 6 13.64 10 11.11

Total 13 100.00 33 100.00 44 100.00 90 100.00
Elbow 0 10 76.92 20 60.61 20 45.45 50 55.56

1 3 23.08 1 3.03* 10 22.73* 14 15.56
2 0 0.00 12 36.36 14 31.82 26 28.89

Total 13 100.00 33 100.00 44 100.00 90 100.00
Knee 0 3 23.08 2 6.06 5 11.36 10 11.11

1 5 38.46 3 9.09 7 15.91 15 16.67
2 5 38.46* 28 84.85* 32 72.73 65 72.22

Total 13 100.00 33 100.00 44 100.00 90 100.00
Ankle 0 12 92.31* 11 33.33* 12 27.27* 35 38.89

1 1 7.69 11 33.33 13 29.55 25 27.78
2 0 0.00 11 33.33 19 43.18 30 33.33

Total 13 100.00 33 100.00 44 100.00 90 100.00
Note: The abbreviations used in the table are as follows: “Nr.” refers 
to the number of cases, and “Severity” represents the severity levels of 
hemophilia: Mild, Moderate, and Severe. The values are presented as 
both absolute numbers and percentages (%). The statistical analysis was 
performed using the Chi-square (χ²) test to compare the distribution 
of affected joints between different severity levels of hemophilia. A 
significance level of p < 0.05 was considered statistically significant, 
with values marked with * indicating statistically significant differences. 
The affected joints include the elbow, knee, and ankle, with statistical 
differences highlighted for specific comparisons.

3. Association of disease interrelationship with type 
of genetic mutation  

We analyzed the types of genetic mutations recorded 
with disease severity, describing the genotype association 
with disease severity.

In mild forms of hemophilia, the most common mutation 
was Missense, at 7.69% (16 children). The Inv Intr 22 mu-
tation was recorded in 13.33% (12 children) and was found 
only in moderate forms at 15.15% (5 children) and in se-
vere forms at 15.91% (7 children). Another mutation type 
encountered was Frameshift in 7.78% (7 children), with a 
rate of 12.12% (4 children) in moderate forms and 6.82% 
(3 children) in severe forms. The least common mutation 
was Nonsense, found in 3.33% (3 children), of which 4.55% 
(2 children) were in the severe form and 3.03% (1 child) in 
the moderate form.

A statistically significant difference at the level of p<0.05 
was identified between the frequency of Missense mutation 
in moderate forms, observed in 36.36% of cases (12 chil-
dren), and in severe forms, found in 6.82% of cases (3 chil-
dren) (Χ2=24.015, df=10, p=0.008).

These findings underscore the diversity and complexity 
of genetic mutations involved in the etiology of hemophilia 
and their relevance in determining disease severity (Table 3).

Table 3. Results of the phenotype-genotype interrelationship
Severity

Mild Moderate Severe Total
Absolute % Abso-

lute
% Abso-

lute
% Abso-

lute
%

Muta-
tion

Frame-
shift

0 0.00 4 12.12 3 6.82 7 7.78

Inv Intr 
22

0 0.00 5 15.15 7 15.91 12 13.33

Missens 1 7.69 12 36.36* 3 6.82* 16 17.78
Negative 0 0.00 1 3.03 0 0.00 1 1.11
Nonsens 0 0.00 1 3.03 2 4.55 3 3.33
Mutation 
was not 
assesed

12 92.31* 10 30.30* 29 65.91* 51 56.67

Total 13 100.00 33 100.00 44 100.00 90 100.00
Note: The abbreviations used in the table are as follows: “Mutation” refers 
to the specific genetic mutations identified, including frameshift, Inv Intr 
22, missense, negative, and nonsense mutations. The values are presented 
as both absolute numbers and percentages (%). The statistical analysis 
was performed using the Chi-square (χ²) test to compare the distribution 
of mutations across different severity levels of hemophilia. A significance 
level of p < 0.05 was considered statistically significant, with values marked 
with * indicating statistically significant differences. «Mutation was not 
assessed» refers to cases where genetic testing was not conducted or results 
were inconclusive.

4. Association of Disease Interrelationship with Inhib-
itor Titer

In our analysis of the incidence of inhibitors and disease 
severity in hemophilia, we observed a significant finding:  

All 4 recorded cases with elevated inhibitor titers, ac-
cording to both measurements, were exclusively identified 
within the severe forms of the disease, representing 9.09% 
of these cases.  

This observation highlights a distinct association be-
tween the presence of inhibitors and disease severity in the 
context of hemophilia, suggesting a relevant relationship 
between these two factors (Table 4).
Table 4. Results of the Interrelationship between Disease Severity and 
Inhibitor Titer

Severity
Mild Moderate Severe Total

Nr % Nr % Nr % Nr %
Was not performed 2 15.38 28 84.85 19 43.18 49 54.44
Inhibitor 
titer deter-
mination 
- Stage I

Present 0 0.00 0 0.00 4 9.09 4 4.44
Absent 11 84.62 5 15.15 21 47.73 37 41.11
Total 13 100.00 33 100.00 44 100.00 90 100.00

Inhibitor 
titer deter-
mination 
- stage II

Present 0 0.00 0 0.00 4 16.00 4 9.76
Absent 11 100.00 5 100.00 21 84.00 37 90.24
Total 11 100.00 5 100.00 25 100.00 41 100.00

Note: The abbreviations used in the table are as follows: “Nr.” refers to the 
number of cases, and “Inhibitor titer determination” indicates whether the 
inhibitor titer was measured at different stages (Stage I and Stage II). The 
values are presented as both absolute numbers and percentages (%). The 
statistical analysis was performed to assess the relationship between dis-
ease severity and the performance of inhibitor titer tests, with a focus on 
the predominant testing in severe hemophilia cases. A significance level 
of p < 0.05 was considered statistically significant. Inhibitor titer testing 
is predominantly performed in severe hemophilia cases, with minimal ap-
plication in mild and moderate forms, highlighting a severity-dependent 
approach to testing.
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Discussions
The management of hemophilia, particularly in pediatric 

patients, continues to evolve with advancements in both un-
derstanding the pathophysiology of the disease and improv-
ing treatment protocols. This study aimed to analyze clinical 
and paraclinical parameters associated with hemophilia se-
verity in children, offering insights that resonate with find-
ings from other studies globally. Notably, our results align 
with recent research emphasizing the importance of geno-
type-phenotype correlations and the impact of joint health 
on the quality of life for affected individuals.

Genotype-phenotype correlations
The significance of genetic mutations in determining 

clinical outcomes in hemophilia has been underscored in 
numerous studies. For instance, a study conducted in the 
United States found that specific mutations in the F8 gene, 
responsible for hemophilia A, were linked to varying de-
grees of factor VIII deficiency, which directly correlates with 
bleeding severity. This study reported that patients with 
large deletions exhibited the most severe phenotypes, with 
an average factor VIII level below 1%, while those with mis-
sense mutations had levels ranging from 5% to 30% [13]. 
Similarly, our findings highlighted the relationship between 
specific mutations and bleeding tendencies, supporting the 
notion that genetic profiling can guide treatment decisions.

Incidence of joint bleeding
Joint health is a critical concern in pediatric hemophil-

ia, as repeated bleeding episodes can lead to severe com-
plications such as hemophilic arthropathy. Research from 
Europe indicates that children with severe hemophilia ex-
perience an average of 2 to 3 joint bleeds per month, sig-
nificantly impacting their mobility and quality of life [14]. 
In our study, we observed a comparable incidence, with a 
notable correlation between the frequency of joint bleeds 
and the severity of hemophilia. A cohort study in Canada 
also reported that children with severe hemophilia A had 
a higher incidence of hemarthrosis, emphasizing the ne-
cessity for proactive joint health management in this pop-
ulation [15].

Treatment modalities and outcomes
The treatment landscape for hemophilia has changed 

dramatically over the past two decades, particularly with 
the advent of recombinant factor therapies and gene ther-
apy. A recent systematic review indicated that patients re-
ceiving prophylactic treatment with recombinant factor 
VIII had a 50% reduction in bleeding episodes compared to 
those treated on demand [16]. Our findings reinforce this 
perspective, as children in our cohort who received pro-
phylactic therapy exhibited fewer bleeding episodes and 
improved joint outcomes compared to those on on-demand 
treatment. Moreover, the introduction of Emicizumab, a 
bispecific monoclonal antibody, has transformed hemophil-
ia care. Studies from the United States have shown that chil-
dren receiving Emicizumab reported a significant decrease 
in the annualized bleeding rate (ABR), with some achieving 
zero bleeds [17, 18]. Our analysis indicated that children 
treated with Emicizumab also experienced improved quali-

ty of life metrics, mirroring the positive outcomes reported 
internationally.

Statistical significance and global perspectives
It is essential to consider the statistical significance of 

findings in the context of international studies. For exam-
ple, a recent cohort study in Australia highlighted that only 
20% of children with hemophilia A achieved optimal factor 
levels with current treatments, compared to 75% in those 
receiving tailored prophylaxis [17]. Our results suggest-
ed that tailored treatment strategies significantly improve 
factor levels and reduce bleeding incidents, further empha-
sizing the need for personalized approaches in hemophilia 
management.

Additionally, the challenges of underdiagnosis and de-
layed treatment in low- and middle-income countries re-
main pressing issues. A report from India indicated that 
60% of children with hemophilia were diagnosed only after 
experiencing significant bleeding episodes, underscoring 
the need for improved awareness and diagnostic resourc-
es [19]. Our study aligns with this perspective, advocating 
for enhanced screening and education efforts in pediatric 
populations.

The alignment of our findings with international studies 
underscores the need for continued research and collab-
oration to optimize care for children with hemophilia. As 
we advance our understanding of this condition, we must 
prioritize individualized treatment strategies that enhance 
clinical outcomes and quality of life for affected children.

Conclusions
The study highlights the significant interrelationships 

between clinical and paraclinical parameters in children 
with hemophilia, shedding light on the complexity of this 
disorder. Our findings demonstrate that the severity of he-
mophilia is intricately linked to various factors, including 
the type of genetic mutations, modes of inheritance, and the 
incidence of hemarthrosis. Notably, moderate forms of he-
mophilia were predominantly associated with known famil-
ial inheritance patterns, while severe cases often presented 
with unknown inheritance origins. This indicates the need 
for comprehensive genetic counseling and testing in affect-
ed families to better understand the implications of inheri-
tance on disease severity.

Moreover, the incidence of hemarthrosis was marked-
ly higher in severe cases, particularly involving the knee 
and elbow joints. This finding underscores the necessity 
of proactive joint management and monitoring in children 
with severe hemophilia to prevent long-term complications 
and disability. The analysis of genetic mutations revealed 
that missense mutations are significantly more prevalent 
in moderate forms of hemophilia, which may inform treat-
ment decisions and prognostic assessments.

Additionally, the study found a distinct association be-
tween the presence of inhibitors and severe forms of hemo-
philia. This relationship suggests that careful monitoring 
for inhibitor development is essential in managing patients 
with severe disease, as it can complicate treatment regi-
mens and impact clinical outcomes.
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Introduction. Axial spondylitis is a chronic inflammatory disease primarily affecting the axial skeleton but can also involve 
peripheral joints. Axial spondylitis is often associated with extra-articular manifestations, such as inflammatory bowel dis-
eases, emphasizing the need for rigorous monitoring and personalized therapeutic approaches. The interactions between 
axial spondylitis and inflammatory bowel diseases fall under the concept of “immune-mediated inflammatory diseases”, 
sharing common pathogenetic mechanisms. This study analyzes the prevalence and characteristics of inflammatory bowel 
diseases in patients with axial spondylitis.

Objective. The objective of this study was to describe the baseline characteristics of patients with axial spondylitis, eval-
uate the prevalence of inflammatory bowel diseases in this population, and identify correlations between the two condi-
tions, contributing to a better understanding of their pathogenetic and clinical interactions.

Material and methods. This prospective observational study included 257 axial spondylitis patients followed over two years. 
Patients were selected according to ASAS criteria for axial spondylitis and clinical guidelines for inflammatory bowel diseases. 
Analyses included clinical evaluations, laboratory tests, and imaging studies. Data were processed using SPSS v22.0. Contin-
uous variables were expressed as mean ± standard deviation or median and interquartile range, and categorical variables as 
percentages. Correlations were assessed using Spearman’s coefficient, with results considered significant at p<0.05.

Results. Among the 257 patients included (168 men and 89 women, mean age 48.2 ± 13.1 years), 13.2% were recently 
diagnosed with axial spondylitis. Of these, 5.1% had inflammatory bowel diseases, distributed as follows: Crohn’s disease 
(3.1%), ulcerative colitis (1.2%), and indeterminate colitis (0.8%). In 53.8% of cases, the diagnosis of inflammatory bowel 
diseases preceded axial spondylitis. Multivariate analysis identified the absence of a family history of axial spondylitis as a 
significant risk factor for inflammatory bowel diseases (OR = 3.4; p = 0.025). The prevalence of inflammatory bowel diseas-
es increased with axial spondylitis duration, reaching 6.5% in patients with disease progression over eight years.

Conclusions. The study highlights a high prevalence of inflammatory bowel diseases in axial spondylitis patients, indi-
cating the need for rigorous clinical monitoring. The absence of a family history of axial spondylitis was identified as a 
major risk factor for inflammatory bowel diseases. These findings emphasize the importance of a multidisciplinary clinical 
approach, including active screening for inflammatory bowel diseases and collaboration between rheumatologists and 
gastroenterologists, to improve patient prognosis and quality of life.
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K e y  m e s s a g e s

What is not yet known on the issue addressed in the submit-
ted manuscript
The exact pathogenic mechanisms linking axial spondylitis and in-
flammatory bowel disease, particularly their shared cytokine path-



10

Mold J Health Sci. 2025;12(1):9-13Chișlari L.

ways and environmental triggers, remain incompletely understood. 
Additionally, the role of genetic predisposition and the impact of early 
inflammatory bowel disease management on long-term outcomes in 
axial spondylitis patients warrant further investigation.
The research hypothesis
Inflammatory bowel disease is more prevalent in patients with anky-
losing spondylitis than in the general population, with the absence of a 
family history of axial spondylitis being a significant predictive factor.
The novelty added by the manuscript to the already published sci-
entific literature
The manuscript adds novelty by highlighting the significant prevalence 
of inflammatory bowel disease in patients with axial spondylitis, em-
phasizing the temporal relationship between the diagnoses, with in-
flammatory bowel disease often preceding axial spondylitis. Addition-
ally, it identifies the absence of a family history of axial spondylitis as a 
novel risk factor for inflammatory bowel disease, offering new insights 
into their shared pathogenesis and clinical management.
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29 Nicolae Testemițanu str., MD-2025, Chisinau, Republic of 
Moldova
e-mail: lia.chislari@usmf.md 

Author’s ORCID ID
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Introduction 
Axial spondylitis (AxS) is part of a group of chronic in-

flammatory rheumatic diseases that predominantly affect 
the axial skeleton but may also involve peripheral joints at 
various stages of disease progression [1, 2]. The prevalence 
of these conditions is estimated to be approximately 1.5–
2% of the general population [1, 3]. AxS is often associated 
with extra-articular manifestations, such as inflammatory 
bowel diseases (IBD), along with cardiovascular and renal 
complications, underscoring the need for rigorous monitor-
ing and personalized therapeutic approaches [2, 4].

From a pathogenetic perspective, AxS is characterized 
by cytokine dysregulation, similar to that observed in oth-
er inflammatory diseases, including IBD [1, 4-6]. While IBD 
can appear as an associated manifestation of AxS, it may 
also evolve independently, indicating a complex pathoge-
netic relationship between the two conditions. These con-
nections fall under the umbrella term “immune-mediated 
inflammatory diseases” (IMID), reflecting their shared im-
mune mechanisms. Genetic and environmental factors play 
a central role in the onset and progression of these diseases 
[3, 5, 7].

Identifying associations between AxS and IBD is cru-
cial for optimizing patient treatment and monitoring. Our 
prospective observational study, conducted over two years, 
investigated three cohorts of IMID patients (AxS, IBD, and 
other associated conditions) to evaluate the prevalence of 
these conditions.

The aim of this study was to describe the baseline char-
acteristics of patients with AxS and IBD, evaluate the prev-
alence of IBD within the AxS cohort, and identify potential 
correlations between these two conditions. This work of-
fers valuable insights into the relationship between these 
two pathological entities.

Material and methods
The study was designed as prospective observational re-

search with two independent cohorts of patients: one with 

AxS and the other with IBD. Patients were selected based on 
their primary diagnosis established at the time of study in-
clusion. The study was conducted at the clinical base of the 
Rheumatology and Nephrology Discipline of the Internal 
Medicine Department at the Nicolae Testemițanu University 
of Medicine and Pharmacy, involving two main clinical spe-
cialties: rheumatology and gastroenterology.

Patient enrollment was carried out according to specific 
inclusion and exclusion criteria. Inclusion criteria: patients 
aged ≥18 years; diagnosed with AxS (including ankylos-
ing spondylitis, enteropathic arthritis, or undifferentiated 
spondyloarthritis) or IBD; without other autoimmune in-
flammatory diseases that could interfere with the primary 
diagnosis; written informed consent for study participation. 
Exclusion criteria: patients with multiple IMID diagnoses 
managed by different specialists, preventing the establish-
ment of a clear primary diagnosis; lack of continuous moni-
toring by the same specialist during the study.

Patients were recruited from the rheumatology and gas-
troenterology outpatient clinics of the participating centers 
and were followed up for two years by the same specialist 
who enrolled them in the study. Monitoring included clin-
ical evaluations, laboratory tests, and relevant imaging in-
vestigations.

Cohort distribution: the AxS cohort comprised patients 
diagnosed with axial spondylitis or other forms of spondy-
loarthritis according to ASAS criteria. The IBD cohort in-
cluded patients with diagnoses of Crohn’s disease or ulcer-
ative colitis established per current clinical guidelines. Data 
were centralized to evaluate interactions between AxS and 
IBD. Demographic (Table 1) and clinical data were collected 
for each cohort, ensuring group comparability in terms of 
age, sex, and disease duration.

The data were processed using SPSS v22.0 statistical 
software. Continuous variables were expressed as mean ± 
standard deviation (M ± SD) or median and interquartile 
range (IQR), while categorical variables were expressed as 
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percentages. For cohort comparisons, Student’s t-test or 
Mann-Whitney test was used for continuous variables, and 
Chi-square or Fisher’s exact test for categorical variables. 
Correlations were evaluated using Spearman’s coefficient. 
Results were considered significant at p<0.05.

Table 1. Regional distribution of AxS patients in the Republic of Moldova
Region AxS patients (n = 257) Percentage (%)
Southern Districts 115 44.7%
- Cahul 53 20.6%
- Taraclia 34 13.2%
- Ciadâr-Lunga 28 10.9%
Northern Districts 51 19.8%
- Edineț 21 8.2%
- Drochia 18 7.0%
- Dondușeni 12 4.7%
Other Regions 91 35.4%
Note: The data presented in the table were analyzed using descriptive 
statistical methods. The absolute number of patients (n) and corresponding 
percentages (%) were calculated for each region relative to the total AxS 
cohort (n = 257). The percentages reflect the proportional representation 
of patients from different geographic districts. Abbreviations:AxS – axial 
spondylitis.

This cohort structure and rigorous analytical approach 
enable a detailed investigation of the relationships between 
AxS and IBD, contributing to a deeper understanding of 
these immune-mediated inflammatory diseases. The study 
was approved by the Research Ethics Committee of Nicolae 
Testemițanu State University of Medicine and Pharmacy 
(No.5 from 03.03.2020).

Results
Baseline characteristics of patients. The study included 

257 patients with AxS, of whom 168 (65.4%) were male and 
89 (34.6%) were female. The mean age was 48.2 ± 13.1 years. 
Only 34 patients (13.2%) were newly diagnosed, while the 
majority (86.8%) had a known diagnosis of AxS. The median 
disease duration was 9.1 years (IQR 25–75: 3.5–16.8).

The baseline diagnoses for AxS were as follows: ankylos-
ing spondylitis: 70.1% (n = 180); undifferentiated spondylar-
thritis: 25.5% (n = 66); enteropathic arthritis: 4.4% (n = 11). 
11.0% of patients exhibited extra-articular manifestations as-
sociated with AxS (other than IBD), including: conjunctivitis: 
5.5% (n = 14); cystitis: 2.5% (n = 6); nail hyperkeratosis: 3.0% 
(n = 8). Less common manifestations (<1%) included pulmo-
nary fibrosis, aortic insufficiency, and renal amyloidosis.

The family history of AxS was reported in 18.7% (n = 48) 
of patients. The most frequent comorbidities were depres-
sion – 7.8% (n = 20); anemia – 5.1% (n = 13); cardiovascular 
risk factors – obesity – 21.2% (n = 54); smoking – 27.0% (n = 
69); arterial hypertension – 22.8% (n = 58); hypercholester-
olemia – 15.7% (n = 40); diabetes mellitus – 5.9% (n = 15).

Frequency of Extra-Articular Immune-Mediated Inflam-
matory Diseases (IMID). In the cohort of patients with AxS, 
112 patients exhibited at least one of these extra-articular 
manifestations, with a prevalence of 43.6% (95% CI: 37.6–
49.6). The most frequent extra-articular manifestation was 
inflammatory bowel disease (IBD), diagnosed in 13 patients, 

corresponding to a prevalence of 5.1% (95% CI: 2.8–8.6). 
Among these, the distribution was as follows: Crohn’s dis-
ease: 8 patients (3.1%, 95% CI: 1.3–6.1); ulcerative colitis: 
3 patients (1.2%, 95% CI: 0.3–3.4); indeterminate colitis: 2 
patients (0.8%, 95% CI: 0.1–2.8).

In 7 cases (2.7%, 95% CI: 1.1–5.6), patients exhibited 
two concurrent inflammatory diseases in addition to AxS.

The prevalence of extra-articular inflammatory manifesta-
tions by primary diagnoses is detailed in Table 2. Among pa-
tients with axial spondylitis, inflammatory bowel disease was 
the most frequent extra-articular manifestation, with a preva-
lence of 3.9% (95% CI: 1.7–7.5). Additionally, all patients with 
enteropathic arthritis exhibited a form of IBD (100%).

Table 2. Prevalence of most common IBD among different AxS type

Category Total (n 
= 257)

Ankylosing 
spondylitis (n 

= 180)

Enteropathic 
arthritis (n 

= 11)

Undifferen-
tiated AxS 
(n = 66)

At least one, n 
(%)

112 
(43.6%) 47 (26.1%) 11 (100%) 18 (27.3%)

IBD (any), n (%) 13 
(5.1%) 7 (3.9%) 11 (100%) 2 (3.0%)

Crohn’s disease, 
n (%) 8 (3.1%) 4 (2.2%) 7 (63.6%) 1 (1.5%)

Ulcerative 
colitis, n (%) 3 (1.2%) 1 (0.6%) 3 (27.3%) 0 (0.0%)

Indeterminate 
colitis, n (%) 2 (0.8%) 2 (1.1%) 1 (9.1%) 0 (0.0%)

Note: Patients with other diagnoses were excluded. Data are presented as 
numbers (n) and percentages (%). Statistical tests used include frequency 
analysis and Chi-square tests for categorical data. Abbreviations: IBD – 
inflammatory bowel disease; AxS – axial spondylitis.

These data underscore the importance of monitoring in-
flammatory bowel disease in AxS patients, considering its fre-
quency, especially among those with enteropathic arthritis.

Diagnosis chronology and prevalence of inflammatory 
bowel disease in axial spondylitis. According to the reviewed 
data, the diagnosis chronology for IBD and AxS is shown in 
Table 3. In 50% of IBD cases, the diagnosis preceded AxS, 
with a median of 10 years prior. In another 40% of cases, 
IBD was diagnosed after AxS, with a median of 9.5 years lat-
er. This temporal relationship suggests that IBD may pre-
cede or coexist with AxS, emphasizing the need for rigorous 
monitoring of AxS patients for early detection of IBD.

Table 3. Temporal relationship between AxS and IBD diagnosis
Temporal sequence 
relative to diagnosis Before, n (%) Same year, n (%) After, n (%)

IBD (n = 13) 7 (53.8%) 1 (7.7%) 5 (38.5%)
Median, years (IQR 25–75) -10.0 years 9.5 years
Note: Data are presented as numbers (n) and percentages (%) or median 
and interquartile range (IQR). Statistical tests applied include descriptive 
analysis of temporal distribution. Abbreviations: IBD – inflammatory 
bowel disease; AxS – axial spondylitis.

IBD prevalence in different patient subgroups. The study 
demonstrated that the overall prevalence of IBD in the co-
hort of AxS patients was 5.1%. Subgroup analysis revealed 
the following (Table 4):
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•	 The prevalence of IBD was similar between men 
(5.4%) and women (5.6%), with no statistically sig-
nificant differences.

•	 No significant differences were observed between 
patients with previously known or newly diagnosed 
AxS regarding IBD prevalence.

•	 Patients with a family history of AxS had a lower 
prevalence of IBD (2.4%) compared to those without 
a family history (7.8%, p = 0.048).

•	 The prevalence of IBD increased with AxS disease du-
ration: 3.9% in patients with a duration of less than 4 
years, 5.1% between 4 and 8 years, and 6.5% in those 
with a duration of over 8 years.

Table 4. Prevalence of IBD by AxS patient subgroups
Category IBD prevalence (%) p

Sex
Men (n = 168) 5.4% 0.834
Women (n = 89) 5.6%

AxS diagnosis
Known (n = 224) 5.8% 0.257
Recent (n = 33) 2.7%

Family history of AxS
Yes (n = 48) 2.4% 0.048
No (n = 209) 7.8%

AxS disease duration
<4 years (n = 89) 3.9% 0.223
4–8 years (n = 61) 5.1%
>8 years (n = 107) 6.5%
Note: Data are presented as percentages (%) and include statistical 
comparisons using Fisher’s exact tests (p values). Abbreviations: IBD – 
inflammatory bowel disease; AxS – axial spondylitis.

These findings highlight the importance of monitoring 
inflammatory bowel disease in AxS patients, particularly in 
those with a longer disease duration and no family history, 
indicating a potential interaction between these inflamma-
tory conditions.

Multivariable analysis: correlation of variables with the 
presence of IBD in AxS. To assess variables associated with 
the presence of IBD in patients with AxS, a multivariable 
analysis was conducted (Table 5). The analysis included 
the following variables: age, sex, diagnosis (new or known), 
family history of AxS, disease duration (<4 years, 4–8 years, 
≥8 years), and the presence of other extra-articular mani-
festations associated with AxS.

The results of the multivariable model demonstrated 
that IBD prevalence was significantly influenced by the ab-
sence of a family history of AxS (OR = 3.4; p = 0.025), sug-
gesting a reduced genetic predisposition for these associat-
ed inflammatory conditions.

Beyond family history, other extra-articular manifesta-
tions associated with AxS (such as conjunctivitis, balanitis, 
or nail hyperkeratosis) contributed significantly to the prev-
alence of IBD. These findings underscore the importance of 
rigorous monitoring for early detection of IBD, particularly 
in AxS patients without a family history or typical extra-ar-
ticular manifestations.

Table 5. Multivariable analysis of factors associated with the presence 
of IBD

Variable OR (95% CI) p
IBD

Absence of a family history of AxS 3.4 (1.0–15.5) 0.025
Age (per year increase) Not relevant Not calculated
Sex (female vs. male) Not relevant Not calculated
Disease duration (<4 years vs. ≥8 
years) Not relevant Not calculated

Note: Data are presented as odds ratios (OR) with 95% confidence intervals 
(CI). Statistical significance (p values) was determined using multivariable 
logistic regression analysis. Abbreviations: IBD – inflammatory bowel 
disease; AxS – axial spondylitis.

These observations complement the previously present-
ed data, confirming that IBD may occur independently of AxS 
family history and that disease duration does not significant-
ly influence its prevalence. As such, screening for IBD should 
be included as part of the standard monitoring protocol for 
AxS patients, regardless of the time since diagnosis.

Discussion
The results of this study demonstrate that a significant 

proportion of patients with AxS also present with other in-
flammatory conditions, among which IBD was identified at a 
prevalence higher than expected in the general population. 
In our cohort, ankylosing spondylitis was the most frequent 
form of AxS (65.4%) [2, 5, 8, 9], followed by undifferentiated 
spondylarthritis (28.8%) and enteropathic arthritis (5.8%) 
[3-5, 8-10]. This distribution aligns with findings from oth-
er studies conducted in hospital-based rheumatology con-
sultations, suggesting that this cohort reflects the profile of 
patients seen in routine clinical practice [3, 7, 11].

The prevalence of IBD (6.2%) observed in this study is 
significantly higher than that expected in the general pop-
ulation, estimated at approximately 0.2–0.3%. The most 
common form was Crohn’s disease (3.9%) [1-3], followed 
by ulcerative colitis (1.9%) [2, 6, 9] and indeterminate coli-
tis (0.4%) [3, 6, 12]. Notably, IBD diagnosis preceded AxS 
diagnosis in approximately 50% of cases, with a median 
lead time of 10 years, suggesting a potential pathogenic link 
between these conditions. In another 40% of cases, IBD was 
diagnosed after AxS, underscoring the need for monitoring 
gastrointestinal symptoms in these patients [3-7].

Multivariable analysis revealed that the absence of a 
family history of AxS is a significant risk factor for devel-
oping IBD (OR = 3.4; p = 0.025) [5, 8, 13]. Other variables, 
such as sex or AxS disease duration, did not significantly in-
fluence this model. This suggests that IBD can emerge as a 
manifestation independent of the genetic mechanisms asso-
ciated with AxS. Additionally, the presence of other extra-ar-
ticular manifestations, such as conjunctivitis or nail hyper-
keratosis, was associated with an increased prevalence of 
IBD, indicating a more severe clinical expression of AxS in 
these patients [2-5, 14, 15].

This study has several important limitations. The data 
were collected through patient interviews and medical re-
cord reviews without incorporating additional diagnostic 
investigations for active IBD detection. Consequently, some 



13

Mold J Health Sci. 2025;12(1):9-13Pathogenetic links between axial spondylitis and inflammatory bowel diseases

cases might have been overlooked, leading to an underesti-
mation of the true prevalence [3-5]. Furthermore, patients 
were recruited from a hospital setting, which might limit 
the generalizability of these findings to the broader AxS 
population, as hospital-treated patients tend to have more 
severe or complex disease forms. Additionally, the predomi-
nantly consecutive rather than random inclusion of patients 
introduces a potential selection bias.

Conclusions
Our study highlights a high prevalence of inflammatory 

bowel disease in patients with AxS and its association with 
other extra-articular manifestations. These findings under-
score the necessity of an integrated clinical approach for 
AxS patients, including the monitoring of gastrointestinal 
symptoms and multidisciplinary collaboration with gastro-
enterologists. Early identification and management of IBD 
may contribute to improving patient quality of life and opti-
mizing therapeutic outcomes.
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Introduction. Psoriatic arthritis (PsA) is a complex autoimmune disease with genetic and immunological components 
influencing its pathogenesis. HLA antigens are critical in determining genetic predisposition and clinical variability. This 
study aims to explore HLA antigen diversity in PsA patients and its relationship to clinical variants.

Material and methods. A cohort of 103 PsA patients, diagnosed according to CASPAR (2006) criteria, was studied. Patients 
were received treatment in rheumatology departments from 2005–2024. Two groups were formed: 76 patients with PsA 
and cutaneous psoriasis (Group I) and 27 without cutaneous manifestations (Group II). Each group was further subdivided 
into clinical variants: axial, oligoarticular, polyarticular, distal interphalangeal, and mutilans.

Results. Significant correlations were identified between HLA antigens and PsA severity. Aggressive HLA antigens, including 
HLA-B27, B8, and B62, were associated with severe disease forms and high DAPSA scores (≥50), while protective antigens 
like HLA-A2 and A3 correlated with reduced activity (DAPSA <20). Group I exhibited HLA-B27/B62 and HLA-B27/A3 
combinations linked to mixed articular and cutaneous involvement, whereas Group II had distinct profiles (e.g., HLA-B27/
B62, HLA-B27/B11). Factorial analysis highlighted the immunogenetic variability between clinical subtypes, emphasizing 
HLA antigens’ predictive and therapeutic relevance.

Conclusions. HLA antigens significantly influence PsA severity and clinical diversity. Integrating genetic profiling into 
clinical practice offers promising opportunities for improving diagnostic precision, therapeutic outcomes, and patient 
quality of life.
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K e y  m e s s a g e s

What is not yet known on the issue addressed in the submit-
ted manuscript?
The specific associations between HLA antigens and the clinical 
variants of psoriatic arthritis (PsA), particularly in patients with 
and without cutaneous psoriasis, remain insufficiently understood. 
Additionally, the role of these antigens in influencing disease 
activity and progression, as measured by DAPSA, needs further 
clarification to enhance personalized treatment.
The research hypothesis
Specific HLA antigens are significantly associated with distinct clinical 
variants of PsA, influencing disease severity, activity (measured by 
DAPSA), and the presence or absence of cutaneous psoriasis.
The novelty added by the manuscript to the already published 
scientific literature
The manuscript highlights the unique immunogenetic profiles of 
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Introduction
Psoriatic arthritis (PsA) is a complex condition, with its 

pathogenesis involving both genetic and immunological fac-
tors. HLA antigens play a crucial role in determining genetic 
predisposition and influencing the severity and clinical vari-
ability of the disease [1]. Studies have shown that certain 
HLA alleles, such as HLA-B27, B8, B11, and B62, are asso-
ciated with severe forms of PsA, while others, like HLA-A2, 
A3, and A5, may have a protective effect [2, 3].

Despite progress in identifying the role of these antigens, 
their specific relationship with various clinical variants of 
the disease remains incompletely understood. Investigating 
HLA antigens in patients with PsA in the context of clinical 
diversity can provide valuable insights for early diagnosis, 
risk stratification, and personalized treatment [1, 4, 5]. In 
the Republic of Moldova, such studies are rare but essential 
for gaining a deeper understanding of the genetic impact on 
this pathology and for tailoring therapeutic interventions to 
the specific needs of the local population.

The aim of the study is to evaluate the diversity of HLA 
antigens in patients with psoriatic arthritis, depending on 
the clinical variants of the disease.

Material and methods
To achieve the study’s aim and objectives, a cohort of 

103 patients diagnosed with PsA according to the CASPAR 
criteria (2006) was selected. The patients received treat-
ment in the rheumatology and arthrology departments of 
Timofei Moșneaga Republican Clinical Hospital and Holy 
Trinity Municipal Clinical Hospital in Chișinău during the 
period 2005–2024. Inclusion criteria: confirmed diagnosis 
of PsA according to CASPAR criteria (2006); availability of 
relevant clinical and laboratory data; absence of other in-
flammatory rheumatic diseases (such as rheumatoid ar-
thritis or systemic lupus erythematosus); informed consent 
obtained from patients for participation in the study. The 
study was approved by the Research Ethics Committee of 
Nicolae Testemițanu State University of Medicine and Phar-
macy (No.21 from 21.12.2019).

To investigate the relationships between the clinical-evo-
lutionary variants of PsA and genetic factors, participants 
were divided into two groups. Group I: 76 patients with PsA 
associated with cutaneous psoriasis; group II: 27 patients 
with PsA without cutaneous manifestations.

To minimize selection bias, patients were allocated into 
comparable groups based on age, sex, disease duration, and 
arthritis severity. The demographic and clinical variables 
distribution showed no statistically significant differences 
(p > 0.05). The mean age of patients in Groups I and II was 
comparable (48.7±10.5 vs. 46.9±11.2, p > 0.05), as was the 
mean PsA duration (7.3±3.1 vs. 7.1±2.7 years, p > 0.05). Dis-

HLA antigens in PsA, demonstrating their distinct associations with clinical variants and disease activity. It provides novel 
insights into the differences between PsA with and without cutaneous psoriasis, emphasizing the potential for HLA antigen 
profiling to guide personalized treatment strategies.

ease severity was evaluated using the DAPSA (Disease Ac-
tivity in Psoriatic Arthritis) score, and patients were strat-
ified into categories of low (<20), moderate (20–50), and 
high activity (>50).

Patients were further subdivided into five subgroups 
based on the clinical variant of the disease: 

•	 Group I: oligoarticular – 13 patients; polyarticular – 
23 patients; distal interphalangeal – 11 patients; axi-
al – 21 patients; mutilans – 8 patients.

•	 Group II: oligoarticular – 5 patients; distal interpha-
langeal – 4 patients; polyarticular –: 9 patients; axial 
– 5 patients; mutilans – 4 patients.

HLA antigen determination was performed using stan-
dard molecular typing techniques via PCR-SSP (polymerase 
chain reaction with sequence-specific primers). Imaging in-
vestigations included joint ultrasound and MRI to identify 
structural changes.

This structured grouping and the application of rigor-
ous investigative methods enable a detailed analysis of the 
relationship between HLA antigens and clinical variants of 
PsA, providing valuable insights for early diagnosis and risk 
stratification.

The statistical analysis was performed using Microsoft 
Excel, Statistica 9.0, and EpiInfo version 5. Descriptive sta-
tistics were applied, with mean±standard deviation (M±SD) 
for normally distributed variables and median (Me) with in-
terquartile range (25%; 75%) for non-normal distributions. 
The Student’s T-test was used for parametric data, and the 
Mann-Whitney U test for non-parametric data. Non-para-
metric correlations were assessed using Spearman’s meth-
od. The significance of differences in HLA antigens and dis-
ease risk measures was determined using the X² test, Fish-
er’s exact test, and odds ratio (OR), with results considered 
significant at p<0.05.

Results
Factorial analysis revealed significant correlations be-

tween HLA antigens identified in patients with PsA and 
cutaneous psoriasis (p = 0.00043), except for HLA-B32 and 
HLA-B62 antigens (p>0.05). The antigens HLA-B27/A2 
(CI+95% = 217.7), HLA-B27 (CI+95% = 187.5), HLA-B27/
A3 (CI+95% = 176.8), and HLA-A2/A3 (CI+95% = 140.5) 
were common to both subgroups, leading to similar osteo-
articular impairments without influencing the distinct evo-
lution of the disease (Figure 1).

In the group of patients with PsA associated with cuta-
neous psoriasis, HLA-A2/A5 (CI+95% = 193.5), HLA-B62/
B8 (CI+95% = 211.3), HLA-B27/B8 (CI+95% = 207.1), and 
HLA-B27/32 (CI+95% = 188.2) antigens were associated 
with pronounced systemic involvement. Conversely, in pa-
tients without cutaneous psoriasis, HLA-B27/62 (CI+95% = 
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223.6) and HLA-B27/11 (CI+95% = 215.6) antigens showed 
a high prevalence, reflecting a distinct immunological profile.

These results confirm the presence of specific genetic 
HLA characteristics in PsA, with variations among clinical 
subgroups. They underscore the importance of these an-
tigens in determining the disease’s severity and systemic 
manifestations.

The associative analysis using ANOVA revealed sig-
nificant correlations between the clinical variants of PsA 
and HLA antigen sets in patients with cutaneous psoriasis 
(p<0.01).

For the axial variant, HLA-B27, HLA-B27/A2, and 
HLA-B27/A3 antigens were predominant, reflecting their 
involvement in inflammatory mechanisms of the spine 
and sacroiliac joints. In the distal interphalangeal variant, 
HLA-A2/A3, HLA-A2/A5, and HLA-A2/A8 antigens were as-
sociated with relatively benign involvement of small joints. 
The oligoarticular variant was correlated with HLA-B27/
A3, HLA-A2/A5, and HLA-A3/A8, indicating a slower and 
less aggressive progression.

The polyarticular variant showed an association with 
HLA-B27/B8, HLA-B27/B62, and HLA-B27/B11, which 
were frequently observed in patients with systemic in-
volvement and rapid progression. The most severe form, 
the mutilans variant, was dominantly associated with 
HLA-B27/B8, indicating a genetic risk for extensive joint 
destruction.

These findings underscore the immunogenetic role 
of HLA antigens in the clinical variability of PsA, offering 
perspectives for personalized diagnostic and therapeutic 
strategies. The relationships are detailed in Figure 2, which 
highlights the antigen-specific differences for each clinical 
subtype.

Fig. 1 Factorial correlation of HLA antigens among patient groups 
with PsA associated with cutaneous psoriasis (Group I) and 

without cutaneous psoriasis (Group II), p > 0.05.
Note: HLA – human leukocyte antigen; PsA – psoriatic arthritis

Fig. 2 The associative correlation of HLA antigens with clinical variants of PsA in patients with PsA associated 
with cutaneous psoriasis, p < 0.01. 

Note: HLA – human leukocyte antigen; PsA – psoriatic arthritis

The analysis of HLA antigens in the group of patients 
with PsA without cutaneous psoriasis revealed a general 
pattern similar to that observed in the group with cutane-
ous psoriasis, but with significant differences. The HLA-B27 
antigen showed a uniform distribution across all clinical 
variants, unlike its predominant association with the axial 
form in the group with skin involvement. This suggests a 

more generalized genetic role of HLA-B27 in the pathogen-
esis of PsA without cutaneous manifestations.

Furthermore, an increased similarity was observed be-
tween the distal interphalangeal and oligoarticular variants, 
both associated with HLA-B27/A3 and HLA-A3/A8 alleles 
(for the distal interphalangeal form) and HLA-B27/A3 and 
HLA-A2/A3 (for the oligoarticular form). This antigenic 
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overlap indicates common pathogenic mechanisms, despite 
differing clinical manifestations between these forms.

Figure 3 illustrates the distribution of HLA antigens, 
highlighting the relatively reduced specificity of HLA-B27 
for the axial form and the antigenic similarity between the 

distal interphalangeal and oligoarticular forms. These ob-
servations suggest that the distribution of HLA antigens in-
fluences the clinical characteristics of PsA depending on the 
presence or absence of cutaneous psoriasis.

Fig. 3 Associative correlation of HLA antigens with clinical variants of PsA in patients with 
PsA without cutaneous psoriasis, p < 0.01.

Note: HLA – human leukocyte antigen; PsA – psoriatic arthritis

The association of HLA antigens between the poly-
articular and mutilans variants of PsA suggests a direct 
evolutionary link between these forms. In both studied 
groups, HLA-B27/B8, HLA-B27/B62, and HLA-B27/B11 
were strongly correlated with these clinical variants, 
supporting the hypothesis that the mutilans form rep-
resents a final stage of aggressive polyarthritis. These 
findings align with the literature, which identifies these 
antigens as predictive markers of disease severity and 
progression.

For the distal interphalangeal, oligoarticular, and axial 
forms, although antigenic similarities exist, specific asso-
ciations for each variant were identified. Antigens such as 
HLA-A2, HLA-A3, HLA-A5, HLA-A8, and HLA-B27, along 
with various combinations among them, were frequent-
ly observed, highlighting the differentiated role of genetic 
components in clinical manifestations.

The data in Table 1 illustrate the specificity of HLA an-
tigens for each clinical variant of PsA, emphasizing the po-
tential of HLA profiling in risk stratification and personal-
ized treatment. Particularly for polyarticular and mutilans 
forms, early identification of these genetic associations can 
guide aggressive therapeutic interventions, preventing pro-
gression to severe disabilities.

The study revealed significant correlations between HLA 
antigens and disease severity, as assessed by the DAPSA 
score (Table 2). In patients with PsA associated with cutane-
ous psoriasis, HLA-B27/B8, HLA-B27/B62, and HLA-B27/
B11 antigens were linked to high DAPSA scores (≥50), in-
dicating severe and progressive clinical forms. Conversely, 

HLA-A2/A5 and HLA-A3/B17 antigens were associated with 
moderate DAPSA scores (30-40), suggesting less aggressive 
forms. These findings confirm the impact of HLA antigens 
on disease activity and highlight their utility in risk stratifi-
cation and guiding personalized treatment strategies.

Table 1. Associations of HLA antigens with clinical variants of PsA in 
patients with PsA associated with cutaneous psoriasis (group I) and 
without cutaneous psoriasis (group II)

Clinical variant General group Group I Group II

Axial
HLA-B27

HLA-B27/A2
HLA-B27/A3

HLA-B27
HLA-B27/A2
HLA-B27/A3

HLA-B27/A2
HLA-B27/A3

Distal interphalan-
geal

HLA-A2/A3
HLA-A2/A5
HLA-A2/A8

HLA-B27/A3
HLA-A3/A8

HLA-A2/A3
HLA-A2/A5
HLA-A2/A8

HLA-B27/A3
HLA-A3/A8

Oligoarticular

HLA-B27/A3
HLA-A2/A5
HLA-A3/A8
HLA-A2/A3

HLA-B27/A3
HLA-A2/A5
HLA-A3/A8

HLA-B27/A3
HLA-A2/A3

Polyarticular
HLA-B27/B8

HLA-B27/B62
HLA-B27B11

HLA-B27/B8
HLA-B27/B62
HLA-B27B11

HLA-B27/B62
HLA-B27/B11

Mutilans HLA-B27/B8
HLA-B27/B11 HLA-B27/B8 HLA-B27/B11

Note: HLA – human leukocyte antigen; PsA – psoriatic arthritis 

The research revealed significant correlations between 
HLA antigen variants and the clinical activity of PsA, as 
measured by the DAPSA score. The isolated HLA-B27 anti-
gen was associated with DAPSA scores ranging from 25 to 
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35 (p<0.0001), reflecting moderate disease activity. How-
ever, when HLA-B27 was combined with antigens such as 
HLA-B32, HLA-B62, HLA-B11, and HLA-B8, it resulted in 
DAPSA scores of ≥50, indicating severe forms of the disease 
with pronounced articular inflammation. Conversely, com-
binations of HLA-B27 with HLA-A2 or HLA-A3 correlated 
with DAPSA scores below 20 (p<0.05), suggesting a protec-
tive effect.

Table 2. Factorial correlation of HLA antigens in patients with PsA 
associated with cutaneous psoriasis (group I) and without psoriasis 
(group II) with DAPSA scores

DAPSA ≥25 and <35 DAPSA ≥35

Group I HLA-B27/B32; HLA-A3/A8 HLA-B27/B62; HLA-B27/B11; 
HLA-B27/B8; HLA-B62/B8

Group II HLA-B27; HLA-A3/A8 HLA-B27/B62; HLA-B27/B32;
HLA-B27/B11

Note: HLA – human leukocyte antigen; PsA – psoriatic arthritis; DAPSA – 
disease activity index for psoriatic arthritis

In patients with PsA without cutaneous psoriasis, the re-
sults were similar. However, the influence of HLA-B27 was 
more variable across clinical forms, and the protective ef-
fects of combinations with HLA-A2 and HLA-A3 were less 
pronounced. These findings underscore the critical role of 
HLA antigens in determining disease severity and influenc-
ing evolutionary risk, providing a foundation for personal-
ized patient evaluation.

The study also highlighted significant correlations be-
tween other HLA antigens and PsA activity, measured by 
the DAPSA score. Antigens from other categories were as-
sociated with DAPSA scores between 20 and 30 (p<0.0001), 
reflecting moderate disease activity. HLA-B27 stood out due 
to its association with high DAPSA scores, emphasizing its 
role in amplifying inflammation and disease severity. In 
contrast, HLA-A2 and HLA-A3 demonstrated a significant 
protective effect (p<0.01), contributing to reduced clinical 
activity.

HLA-A2 was identified as the most protective antigen 
(CI+95% = 302.8), followed by HLA-A5 (CI+95% = 243.6), 
HLA-A3 (CI+95% = 214.7), and HLA-A8 (CI+95% = 126.1). 
These findings highlight the importance of HLA antigen pro-
filing in assessing risk and disease progression, offering a 
basis for personalized therapeutic interventions.

Discussions
PsA is a complex autoimmune disease influenced by 

genetic predisposition and environmental factors, which 
significantly contribute to its clinical variability [1, 5, 
6]. Our research, consistent with previous studies, has 
demonstrated that HLA antigens play a pivotal role in dis-
ease severity and clinical phenotypes, emphasizing their 
potential as biomarkers for risk assessment and personal-
ized treatment strategies [7-9]. Aggressive HLA antigens, 
such as HLA-B27, B8, B11, B32, and B62, were frequently 
associated with severe forms of the disease characterized 
by intense inflammation and extensive systemic involve-
ment. In contrast, protective antigens like HLA-A2, A3, A5, 

and A8 correlated with reduced inflammatory activity and 
minimal joint damage.

Our analyses revealed significant differences between 
patients with cutaneous psoriasis and those without skin 
manifestations. Among patients with cutaneous psoriasis, 
HLA-B27/B62 and HLA-B27/A3 combinations were fre-
quently identified and linked to mixed articular and cuta-
neous involvement. On the other hand, patients without 
cutaneous psoriasis exhibited distinct combinations, such 
as HLA-B27/B62 and HLA-B27/B11, suggesting a specific 
genetic profile for this subgroup. Factorial analysis high-
lighted HLA-B27/B8 and HLA-B27/B62 as key markers for 
severe PsA forms with DAPSA scores ≥50, while combina-
tions of HLA-B27 with HLA-A2 and HLA-A3 demonstrat-
ed protective effects, being associated with lower DAPSA 
scores (<20).

The distribution of HLA antigens across clinical subtypes 
provides valuable insights into the disease’s pathogenesis. 
For instance, HLA-B27 antigens predominated in the axial 
variant, underscoring their role in vertebral and sacroil-
iac joint inflammation. Other clinical variants, such as the 
polyarticular and mutilating forms, were marked by the 
presence of HLA-B27/B8 and HLA-B27/B11, indicating an 
increased risk for aggressive and destructive progression. 
HLA-A2 and HLA-A3 antigens were associated with less se-
vere forms, suggesting potential protective mechanisms [6, 
9-11].

These findings underscore the importance of HLA anti-
gens as predictive tools and guides for personalized treat-
ment in PsA. Integrating these results into clinical practice 
could significantly enhance diagnosis, monitoring, and dis-
ease management, reducing both long-term complications 
and the therapeutic burden on patients [2, 5, 12-14]. Fur-
thermore, the application of modern technologies, such as 
artificial intelligence and machine learning algorithms, may 
enable more precise risk stratification and efficient thera-
peutic interventions, paving the way for improved patient 
outcomes in PsA management [7, 15, 16].

Conclusions
The study highlights the role of HLA antigens in the 

pathogenesis and severity of PsA, demonstrating significant 
correlations between aggressive HLA antigens (HLA-B27, 
B8, B11, B32, B62) and severe disease forms, as well as 
protective antigens (HLA-A2, A3, A5, A8) and less aggres-
sive forms. Antigenic differences between patients with and 
without cutaneous psoriasis suggest distinct immunogenet-
ic mechanisms, reinforcing the need for genetic profiling for 
precise risk stratification.

The association of HLA antigens with disease activity, 
measured by the DAPSA score, validates the use of these 
markers for personalized treatments and early interven-
tions. These findings emphasize the importance of integrat-
ing advanced technologies into clinical practice to enhance 
patient prognosis and quality of life.
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Introduction. The superficial circumflex iliac artery (SCIA) is a branch that originates either from the external iliac artery 
(EIA), or common femoral artery (CFA). Its anatomic variability is particularly relevant in plastic surgery, general surgery, 
and traumatology/orthopedics.

Material and methods. We retrospectively reviewed 2158 ultrasonographic images of the anterior thigh region from 
the Republican Medical Diagnostic Center, Functional Diagnosis Department, Chisinau, Republic of Moldova. Rigorous 
inclusion and exclusion criteria were applied. Additionally, 29 bibliographic sources were reviewed and discussed.

Results. The mean age of the patients was 63.4±10.68 years. In 387 cases (17.93%),SCIA originated from the CFA, while in 
1771 cases (82.07%) it emerged from the EIA. SCIA originated from the CFA unilaterally in 194 cases (8.99%) on the left 
side and 142 cases (6.58%) on the right side, while bilateral origin from the CFA was observed in 51 cases (2.36%)

Discussion. The results in literature were suggestive for a higher prevalence of SCIA origin from the CFA with only one 
author suggesting the origin of this branch from the EIA, which aligns with our findings. This information is valuable for 
clinical applications, including hernia repairs, vascular and endovascular surgical interventions, nerve blocks, and skin 
grafts transplantation.

Conclusions. The most common origin of the SCIA was from the EIA. No significant sex differences were observed, but 
laterality showed notable variations. Age was analyzed as a factor.
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K e y  m e s s a g e s

What is not yet known about the issue addressed in the sub-
mitted manuscript
The exact trajectory and variation in number of the superficial 
circumflex iliac artery after its origin from either the external iliac, 
or femoral artery are not yet known.
The research hypothesis
The most common origin of the superficial circumflex iliac artery 
is from the common femoral artery, as reported in the literature.
The novelty added by the manuscript to the already published 
scientific literature
Information on gender, laterality, and origin is unavailable for most 
arterial branches in the human body, this study aims to uncover 
these particularities for the population of the Republic of Moldova.
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Introduction
The origin of the superficial circumflex iliac artery (SCIA) 

is from the external iliac artery (EIA) [1], or from the common 
femoral artery (CFA) [2]. Sometimes it may come as a branch 
of the superficial femoral artery (SFA), or profound femoral 
artery (PFA) [3, 4]. After originating, this artery will give 2 
branches: superficial branch (SB), and profound branch (PB) 
[2], the first will be responsible for the antero-lateral abdom-
inal wall blood supply, and the second will descend down to 
the sartorius muscle [2, 3]. It may have a variable diameter 
[1], and sometimes perforant branches [3].

A lack of knowledge in surgical anatomy along with the 
anatomical variability of certain vessels like the deep cir-
cumflex iliac artery (DCIA) may lead to severe surgical com-
plications [5]. Skin flap reconstruction surgery is of great 
interest when it comes to the SCIA [6-8], and it is proven 
to be reliable in terms of blood supply [2]. Bone grafts for 
the surgical repair of the defects in the iliac bone and fibula 
can be regarded as a SCIA flap [9]. The anatomical variabil-
ity of this artery should be considered in procedures that 
involve a femoral nerve (FN) block [10], and when predict-
ing lymphedema patterns [11]. Surgical interventions in the 
groin and thigh regions have implications that regard the 
anatomical variability of this artery [12].

The anatomical variability of the neighboring structures 
like the FN, and DCIA may complicate the accurate iden-
tification of the SCIA [13, 14]. This necessitates advanced 
knowledge for the precise determination of these struc-
tures.

Vascular compression syndromes like May-Thurner syn-
drome [15] may co-interest the SCIA in an unexpected way 
because the arterial circulation in this region may be highly 
dependent on the vessels like CFA, EIA, and their branches 
that could in turn lead to the pathological alterations in the 
ipsilateral lower extremity [16].

The access to the femoral arterial system in the thigh re-
gion is made through a transverse incision, or in the groin 
region with a vertical incision for vascular, and endovascu-
lar surgical interventions [17], thus making the SCIA vulner-
able to potential lesions in both cases.

The goal of this study was to determine the anatomical 
variability of the SCIA depending on the origin, gender, and 
laterality.

Material and methods
Statistical considerations. We retrospectively re-

viewed 2158 Doppler ultrasonography images of the ante-
rior thigh region from the Republican Medical Diagnostic 
Center, Functional Diagnosis Department, Chisinau, Re-
public of Moldova. These images were collected between 
01.01.2020-31.12.2022. The randomized selection of the 
patients was not required, as all available cases were in-
cluded in the study. The study population consisted of 885 
females (41.01%) and 1,273 males (58.99%). We have cal-
culated the mean age of the patients, the absolute, and rela-
tive values of the incidence in anatomical variability based 
on the origin, gender, and laterality.

Inclusion and exclusion criteria. We included only pa-
tients that underwent imaging investigations on both legs 
and excluded duplicate cases (i.e., patients who had multi-
ple serial investigations over time). All included cases were 
eligible for visualizing the tissues, vessels, and some nerves 
that were located nearby. No data was available on the ante-
ro-lateral abdominal wall, or lower parts of the thigh.

Equipment. The „GE Healthcare Vscan AirTM” ultraso-
nografic device was used in order to perform these investi-
gations. A single sensory device was of interest, operating in 
Doppler mode. No electronic applications were used, all the 
investigations were described manually.

Literature review. We have reviewed the available lit-
erature from PubMed, Google Scholar, HINARI, EMBASE, El-
sevier, and Research Gate in order to find the most suitable 
research papers and have completed a comparative review 
in order to emphasize the significance of our findings. Over-
all, 28 literary sources were selected. Additionally, we have 
reviewed a book. A total of 29 bibliographic sources were 
referenced in this study.

Results
The mean age of the patients was 63.4±10.68 years. 

In 387 cases (17.93%), the SCIA originated from the CFA, 
while in 1771 cases (82.07%), it emerged from the EIA. 
Among the cases withorigin from the CFA,163 (7.55%) were 
female and 224 (10.38%) were male. For those with origin 
from the EIA were 722 (33.46%) were female, and 1049 
(48.61%) were male. Thus, the most common origin of the 
SCIA was from the EIA.

Taking into consideration the gender, the SCIA originat-
ed from the CFA in 42.12% of female cases and in 57.88% of 
male cases. For the EIA origin, 40.77% of cases were female, 
and49.23% were male. Comparing these distributions, we 
conclude that there are no significant gender differences for 
the anatomical variability of the origin for this artery.

Based on laterality, the SCIA originated from the CFA in 
males as follows: 118 (5.5%) cases unilaterally on the left 
side, 82 (3.78%) cases unilaterally on the right side, and 24 
(1.1%) cases bilaterally. In females, the origin from the CFA 
was observed in 76 (3.52%) cases unilaterally on the left 
side, 60 (2.78%) cases unilaterally on the right side, and 27 
(1.25%) cases bilaterally. In total, there were 194 (8.99%) 
cases unilaterally on the left side, 142 (6.58%) cases unilat-
erally on the right side, and 51 (2.36%) cases bilaterally. The 
most common incidence of origin from the CFA was unilat-
erally on the left side.

Proportionally, males, the SCIA originated from the CFA 
unilaterally on the left side in 30.49% of cases, unilaterally 
on the right side 21.19% of cases on, and bilaterally in 6.2% 
of cases. In females the corresponding proportions were 
19.64% on the left side, 15.50% on the right side, and 6.98% 
bilaterally. When considering proportions within each gen-
der separately, in males 52.68% of cases were unilateral on 
the left side, 36.61% were unilateral on the right side, and 
10.71% were bilaterally. In females 46.63% were unilateral 
on the left side, 36.81% were unilateral on the right side, 
and 16.56% were bilateral. The bilateral origin of the SCIA 
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from the CFA is more common in the females compared to 
males, while the most frequent pattern in both genders was 
a unilateral origin on the left side.

Age was not quantified as a factor that may influence 
the anatomical variability of SCIA. There were no varia-
tions that regarded supranumerary arteries, or trunks from 
which these arteries may emerge. Arterio-venous fistulas 

along with many other anomalies were considered as a 
potential bias factor but we have not identified any in our 
study. Atherosclerosis, thrombosis, thromboembolism, ar-
terial dysplasia, and calcifications were impending factors 
in some cases. The SCIA had a diameter that may be affected 
by these conditions and yet remain visible in the Doppler 
ultrasonography sections.

Fig. 1 Left upper thigh anterior Doppler ultrasonography
1 – common femoral artery; 2 – superficial circumflex iliac artery

Figure 1 shows the ultrasonographic image of a 72-year-
old patient with the SCIA originating from the CFA. The 
emergence was directly from the main arterial trunk with-
out a common origin with another artery, or a second artery 
of the same kind. The SCIA on the right upper thigh of the 
same patient had an identical origin. No pathological condi-
tions were detected in this patient.

Discussion
According to Gandolfi et al. (2020), and Song et al. (2020) 

the most frequent origin of the SCIA was from the CFA [3, 
18]. In our study the most common origin was from the EIA, 
just as in the reports of Kovanov V. V. (1974) [1].

There were no significant gender differences in the pro-
portionality of this artery’s origin while the laterality may 
play a key role, the bilateral origin of the SCIA from the CFA 
is more common in females, and in both genders the left 
unilateral type is more frequent rather than the right unilat-
eral, or bilateral. No previous studies or literature sources 
were available form comparison with these findings.

This information is of great interest during potential 
groin, and thigh hernia repairs (direct, and indirect ingui-
nal, or femoral) [12], femoral artery incisions [17], or for 
flap reconstruction surgical interventions that may involve 
bone grafting [9].

 A study conducted in Denmark [19] has proven that a 
laparoscopic approach reduces the incidence of recurrenc-
es in femoral hernias, and also there is a higher mortali-
ty in the emergency femoral hernia repairs [20], thus an 

origin of the SCIA from the EIA may pose a risk for these 
interventions, especially due to the fact that it is highly 
prevalent (82.07%) compared to the origin from the CFA 
(17.93%).

Flap reconstruction surgeries are essential for revascu-
larizing traumatized regions, and portions of the skin affect-
ed by burns [21, 22]. Our findings may be of great interest 
when identifying the origin of the SCIA in order to apply a 
ligature, although the SCIA is not involved in the collateral 
circulation of its anatomical region [23] while the DCIA is 
involved in this compensatory mechanism [24].

The vertical incision may cause increased morbidity due 
to an increased incidence of SCIA lesion, the same was stat-
ed in a study made by Caiati et al. in 2000 where the oblique 
incision is proposed for the purpose of reducing this burden 
[25] while the transverse incision is not proven to reduce 
the morbidity compared to the vertical one [17].

Other implications like truncal blocks [10], and the pre-
diction of post-surgical complications is also of great inter-
est in this anatomical variability [12], thus this study may 
provide useful data for further assessment of these patients 
because the identification of the FN, or DCIA can become 
even more difficult after we have reported these anatomical 
variations [13, 14].

Vascular compression syndromes may be of interest in 
this context, because they may induce alternations in the 
SCIA via chronic ischemia, and excessive continuous collat-
eral circulation for this particular anatomical region [15, 16]. 
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The higher prevalence of bilateral SCIA origin from the CFA 
in females may be of particular interest in the May-Thurner 
syndrome, which predominantly affects women, especially 
in their second or third decade as a result of multifactorial 
risk exposure [16, 26]. This syndrome is also treated using 
endovascular interventions that require further knowledge 
of the groin, and thigh regional anatomy [27].

There were no literature reports that regarded the an-
eurysms, or pseudoaneurysms of the SCIA but there were 
some that were located in the DCIA during diagnostic ma-
neuvers, both iatrogenic, and idiopathic [28, 29], thus we 
may hypothesize that SCIA could be affected as well due to 
their similar morphological macroscopic, and microscopic 
aspect.

We were unable to measure the internal diameter of the 
SCIA. The trajectory of both superficial and deep branches 
was not assessed. The visualization of the perforasomes 
was not feasible. We could not have compared the topogra-
phy of this artery in relation to other branches in the same 
anatomical region.

Conclusions
In our study the most common origin of the superficial 

circumflex iliac artery was from the external iliac artery 
(EIA). There was no significant difference between genders 
in the overall origin of the SCIA. However, a bilateral origin 
from the common femoral artery (CFA) was more frequent-
ly observed in females, while the most common pattern in 
both genders was a unilateral origin on the left side. Age 
was not assessed as a factor that determined the anatomical 
variability.
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Introduction. Globally, colorectal cancer (CRC) has become one of the top three causes of death from neoplasms. CRC 
represents a heterogeneous group of tumors, manifested both by clinical signs and the pathogenesis of its development. 
Most colorectal carcinomas develop from preexisting adenomas. The aim of this article is to assess the histopathological 
aspects and variants of primary colon neoformations in correlation with their location and morphological characteristics.

Material and methods. Prospective clinical study based on the analysis of treatment outcomes in 255 patients with colonic 
and rectal neoformations, treated in the Nicolae Anestiadi Surgery Department No.1, Institute of Emergency Medicine, 
between 2018 and 2022. The mean age was 61.3±1.05 years. There were 145 (56.9%) men and 110 (43.1%) women, with 
a male to female ratio of 1.31:1. The following qualitative nominal variables were analyzed: location, number, dimensions, 
tumor appearance, histopathological type, and degree of tumor extension.

Results. Through imaging, colonoscopy, and intraoperative methods, 255 patients with colonic neoformations were 
identified. Upon analyzing these subjects, 77 (30.2%) patients were diagnosed with malignant neoplasm of the colon or 
rectum with various histological types, and 178 (69.8%) patients were diagnosed with precursor lesions of malignancy.

Conclusions. The detailed analysis of the morphopathological characteristics of the tumor formations, in addition to 
confirming the malignancy, provides important information for establishing the therapeutic attitude.
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K e y  m e s s a g e s

What is not yet known on the issue addressed in the submit-
ted manuscript
It is vital for endoscopists to identify high-risk polyps during colo-
noscopy to prevent colorectal cancer. This necessitates a more 
comprehensive description and histopathological analysis of these 
precursor lesions throughout the entire colon.
The research hypothesis
Since the incidence of carcinoma of the colon is on the rise and 
burgeoning evidence supports a polyp-cancer sequence, a vigor-
ous program for endoscopic detection and excision of colorectal 
polyps will favorably influence the management of this disease.
The novelty added by the manuscript to the already published 
scientific literature 
This article has demonstrated that the detailed analysis of the 
morphopathological characteristics of tumor formations, in addi-
tion to confirming malignancy, provides important information for 
establishing therapeutic management.
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Introduction
Colorectal cancer (CRC) is one of the most common ma-

lignancies, being the second most common type of cancer 
in women and the third most common in men. Although 
many advances have been made in oncological and surgi-
cal treatment, and through the implementation of screening 
programs, CRC still remains first among malignant causes of 
death [1]. This condition is slowly progressive, developing 
over time. Most cases of CRC begin at the level of polyps in 
the epithelium of the colon and rectum, but there are other 
predisposing causes, such as inflammatory bowel diseases 
and certain hereditary genetic changes [2]. Approximately 
80% of CRC cases have colorectal adenomatous polyps as a 
precursor [3], demonstrating the enormous benefit brought 
by screening patients for the detection and early removal of 
primary colonic neoformations (PCN). The terms” primary 
neoformations” and ”incipient neoplasia” of the colon were 
formulated in 1983 by the Japanese Society for the Study 
of Colorectal Cancer as tumors of the colon that are limit-
ed to the mucosa and submucosa, without the presence of 
secondary lesions, local, or distant metastases (Japanese 
Research Society for Cancer of the Colon and Rectum, 1983) 
[4]. CRC occurs through the malignant and uncontrolled 
transformation of the cells of the lining mucosal epithelium 
of the rectum and colon. Most colorectal carcinomas devel-
op from preexisting adenomas. This concept of carcinogen-
esis is called the adenoma–carcinoma sequence. Progression 
from adenoma to colorectal carcinoma occurs through suc-
cessive genetic abnormalities and mutations, involving on-
cogenes and tumor suppressor genes [5, 6]. The evolution 
from normal colonic epithelium to adenoma and carcinoma 
extends over several years, providing a sufficiently long pe-
riod during which, through the use of diagnostic methods, 
precancerous lesions can be detected [7, 8].

The aim of this article is to evaluate the histopathological 
aspects and variants of primary colon neoplasms in correla-
tion with their location and morphological characteristics.

Material and methods
The research presents a prospective clinical study based 

on the analysis of the treatment results of 255 patients with 
colonic and rectal neoformations, treated in the Nicolae 
Anestiadi Surgery Department No.1, Institute of Emergen-
cy Medicine, during the period 2018–2022. The study was 
approved by the Research Ethics Committee of the Nicolae 
Testemițanu State University of Medicine and Pharmacy, No. 
52 dated 16.03.2018 and No. 7 dated 18.05.2022. The rep-
resentative sample was calculated in the EpiInfo Program 
7.2.2.6, “Stat Calc-Sample Size and Power” section, based 
on the following parameters: a confidence interval for 95% 
significance of the results, statistical power of 80%, the 
presence of colonic neoplasms in the population being 27% 
[Bray F. Global cancer statistics 2018: GLOBOCAN estimates 
of incidence and mortality worldwide for 36 cancers in 185 
countries], and effect design = 4 (symptoms, laboratory 
paraclinical data, endoscopic examinations, and histological 
type of the formation). The calculated value is 216, with ad-
justment for the non-response rate, estimated at 10%.

The mean age was 61.3 ± 1.05 years. There were 145 
(56.9%) men and 110 (43.1%) women, with a male to female 
ratio of 1.31:1. To conduct the study, the demographic data 
of the patients, operative protocols, endoscopic investigation 
protocols, histopathological reports, and multidisciplinary 
clinical, paraclinical, operative, and histopathological evalu-
ations were collected and processed within the departments 
of Surgery, Endoscopy, and Pathological Anatomy. Regarding 
the morphopathological characteristics of colonic neoforma-
tions, the following qualitative nominal variables were ana-
lyzed: location, number, size, tumor appearance, histopatho-
logical type, and degree of tumor extension.

For the research, three groups were created based on 
the morphological results and the method of case manage-
ment, with 58 respondents per group, in compliance with 
the study’s inclusion and exclusion criteria:

- Group I – patients with colorectal polyps
- Group II – patients with colorectal cancer in early stag-

es (stages I-II)
- Group III – patients with colorectal cancer in advanced 

stages (stages III-IV).
To ensure greater accuracy, a series of inclusion and ex-

clusion criteria were applied, thereby refining the study and 
focusing on a specific representative group.

Inclusion criteria for the research group:
•	 Patients with colonic polypoid formations examined 

colonoscopically
•	 Individuals over 18 years of age
•	 Patients who provided informed consent to partici-

pate in the study
•	 Patients whose mental state allows participation in 

the study.
Exclusion criteria were:
•	 Patients hospitalized in emergency settings without 

endoscopic examination
•	 Patients with malignancies in other locations or a 

history of surgery for any type of cancer
•	 Patients with previously treated colorectal cancer 

(surgery, chemotherapy, or radiotherapy)
•	 Patients with immunological disorders
•	 Patients who declined participation in the study.
Statistical results were generated and processed using the 

R Studio program. The following descriptive statistics were 
estimated for numerical variables: minimum value, maximum 
value, mean value with standard deviation, and median value 
with interquartile range. For all statistical tests applied in the 
study, the significance threshold (p) was set at 0.05, comple-
mented by 95% confidence intervals for relative frequencies.

Results
Through imaging, colonoscopy, and intraoperative meth-

ods, 255 patients with colonic neoformations were iden-
tified. Among these, 77 (30.2%) patients were diagnosed 
with malignant neoplasms of the colon or rectum, exhibit-
ing various histological types, while 178 (69.8%) patients 
were diagnosed with precursor lesions of malignancy. The 
distribution of colonic neoformations by location is pre-
sented in Table 1.
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Table 1. Distribution of colorectal neoplasms and premalignant lesions by location
Location Right colon (abs, %) Left colon (abs, %) Rectum (abs, %) Total (abs, %)

Premalignant lesions 52 (20.4%) 78 (30.6%) 48 (18.8%) 178 (69.8%)
Neoplasm 35 (13.7%) 26 (10.2%) 16 (6.3%) 77 (30.2%)
Total 87 (24.1%) 104 (40.8%) 64 (25.1%) 255 (100%)
Note: abs - absolute value in percentage

It was found that there are no significant differences in 
lesion distribution between patients with colorectal neo-
plasms and those with premalignant lesions (p > 0.05). The 
left colon has the highest proportion of premalignant le-
sions (30.6%), followed by the right colon (20.4%) and the 
rectum (18.8%). Overall, premalignant lesions are relatively 
evenly distributed among the three locations but predomi-
nate in the left colon, suggesting that this site may be more 
prone to such lesions. Neoplasms are more common in the 
right colon (13.7%) but have a lower incidence in the left 
colon (10.2%) and rectum (6.3%).

Regarding the endoscopic aspect, colorectal neoplasm 
presented in the following forms: vegetative formations ac-
counted for 54.6% (n=42) of the 77 patients, vegetative-ul-
cerative tumor formations were observed in 24.6% (n=19), 
infiltrative formations with areas of ulceration were de-
scribed endoscopically in 10.4% (n=8), while the classic in-
filtrative tumor aspect was detected in 8 patients (10.4%), 
as summarized in Figure 1.

Figure 2 shows endoscopic images that reflect the ap-
pearance of different forms of colorectal tumors, all of which 
require histopathological confirmation. The ulcerated type, 

the most common, appears as a circular mass with a raised, 
irregular, and externalized border. It is frequently large, oc-
cupying an extensive portion of the colonic circumference. 
The polypoid form presents as a large mass protruding into 
the lumen. In 10% of cases, it has a mucinous structure 
characteristic of colloid carcinoma. The annular or stenotic 
form occupies the entire colonic lumen, with variable exten-
sion along the longitudinal axis of the colon.

Fig. 1 Endoscopic appearance of colonic neoplasia in patients 
included in the study

Fig. 2. Endoscopic images of colorectal 
tumors

A – vegetative formation; B – circumferential 
stenosing vegetative formation, impassable 
with the colonoscope; C – ulcer-infiltrative for-
mation; D – vegetative formation covered by 
areas of necrosis.

In the present research, microscopic histological exam-
ination revealed that various variants of adenocarcinoma 
clearly dominate (100% of all identified tumors). Among 

them, conventional adenocarcinoma has the highest inci-
dence, accounting for 87.1%. Table 2 presents the histologi-
cal typology of colonic neoplasia.
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Table 2. Histological typology of colonic neoplasia in CRC patients 
included in the study
Histological typology of the tumor Cases (abs, %)
Conventional adenocarcinoma 67 (87.1%)
Mucinous adenocarcinoma 6 (7.8%)
Solid trabecular adenocarcinoma 4 (5.1%)

Total 77 (100%)
Note: abs - absolute value in percentage

Premalignant lesions are described in terms of number, 
shape, size, location, histological type, and degree of malig-
nancy. In terms of shape, the polyps were sessile, semipe-
diculated or pedicled, round-oval, or polylobate (Figure 4).

Numerically, polyps can be solitary, multiple, or present 
in very large numbers, which can reach up to thousands (as 
in familial adenomatous polyposis, an autosomal dominant 
hereditary pathology). These can be detected by chance in a 
family member or transmitted through a genetic abnormal-
ity across multiple generations.

In the present research, regarding the number of polyps, 
solitary polyps were detected in 166 (93.2%) patients, two 
polyps in 10 (5.6%) patients, and three and more polyps in 
2 (1.1%) patients.

In terms of size, polyps were categorized as follows: un-
der 5 mm (very small polyps), between 5 and 10 mm (small 
polyps), and over 10 mm (large polyps) [9]. Very small 
polyps predominated in 86 (48.3%) cases, small polyps in 
61 (34.3%), and large polyps represented 17.4% (n = 31). 

The present study concluded that, out of the total 77 
patients with colorectal neoplasia, 17 (22.1%) had a high 
degree of differentiation (G1), 51 (66.2%) had a moderate 
degree of differentiation (G2), and 9 (11.7%) had a low de-
gree of differentiation (G3). Figure 3 illustrates the different 
morphopathological forms of colorectal neoplasia observed 
in the patients included in the study.

Fig. 3 Morphopathological forms of colorectal 
tumors (degree of differentiation)

A – conventional highly differentiated colonic 
adenocarcinoma (G1) (HE stain, ×200)
B – moderately differentiated (G2) conventional colonic 
adenocarcinoma (HE stain, ×200)
C – conventional poorly differentiated colonic 
adenocarcinoma (G3) (HE stain, ×200)

A

C

B

For patients with colorectal neoplasm, investigating the 
correlation between the macroscopic aspect of the tumor 
formation visualized endoscopically and the degree of dif-
ferentiation described histologically, it was found that there 
is no statistically significant relationship (p > 0.05), which 
is above the threshold accepted for demonstrating a signifi-
cant statistical correlation. It is known that most colorectal 
adenocarcinomas develop at the site of precursor lesions, 
such as adenomas and dysplasia. Residual adenoma is a 
phenomenon commonly found in colorectal adenocarcino-
mas. Typical adenomas are subclassified into tubular, tubu-
lovillous, and villous types based on their architectural and 
histological features. Tubular adenomas consist of dysplas-
tic glands that resemble cryptic intestinal glands and con-
tain less than 25% villous component. Villous adenomas are 
composed of more than 75% villous components, which ap-
pear as fibrovascular rods covered by dysplastic epithelium. 
Tubulovillous adenomas represent intermediate lesions 
with a villous component ranging from 25% to 75%.
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Fig. 4 Endoscopic appearance of polyps
A – sessile polyp; B – semipediculated polyp; C – pedunculated polyp; D – voluminous villous polyp

Fig. 5 Histological types of premalignant colonic lesions in patients 
included in the study

Note: abs - absolute value in percentage

Regarding the histological type, the majority were neoplas-
tic, with tubuloadenomatous polyps predominating (162, 
91%), followed by hyperplastic polyps (12, 6.75%) and tub-
ulovillous polyps (4, 2.25%) (Figure 5).

Table 3. Associative distribution of polyps in relation to size and 
histological type

Histological type Size
Totalvery 

small
small large

tubuloadeno-
matous

frequency
% of 

histology

86 
(48.3%)*

55 
(30.9%)

21 
(11.8%)*

162 
(91%)

tubulovillous
frequency

% of 
histology

- - 4(2.2%) 4 (2.2%)

hyperplastic
frequency

% of 
histology

- 6 (3.4%) 6 (3.4%) 12 
(6.8%)

Total/size 86 
(48.3%)

61 
(34.3%)

31 
(17.4%)

178 
(100%)

Note: p < 0.05*, which allows us to conclude that very small sizes are much 
more frequent than large sizes

The distribution of polyps varied statistically significant-
ly (p = 0.0001) in relation to polyp size and histology. The 
most frequent, tubuloadenomatous (n = 86), were of very 
small size, while tubulovillous polyps (n = 4) were of large 
size, and hyperplastic polyps (n = 12) were equally distrib-
uted between small and large sizes (Table 3).

The results indicate that the distribution of case sizes is 
not uniform, and there is a significant difference between 
very small, small, and large sizes. Thus, p < 0.05 suggests that 
very small sizes are much more frequent than large sizes.

Dysplasia refers to a pathological adaptive cellular alter-
ation, which involves changing in volume, shape, and orga-
nization within a tissue. This includes the variation in the 
size and shape of the cells, an increase in the volume of the 
nuclei (which become irregular and hyperchromic) distur-
bances in the stratification, disproportion between layers, 
dedifferentiation, depolarization of cells, and a disordered 
arrangement of cells within the epithelium. Depending on 
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the severity of these changes, dysplasia can be classified as 
mild (simple), moderate, or severe. The World Health Orga-
nization (WHO) updated its classification system in 2019 to 
use a two-grade system: low-grade dysplasia (encompass-
ing mild and moderate dysplasia) and high-grade dysplasia.

According to the degree of dysplasia, the premalignant 
lesions were described as follows: 106 (59.5%) with mild 
dysplasia, 48 (26.8%) with moderate dysplasia, and 24 
(13.5%) with severe dysplasia. When grouped according 
to the WHO classification (2019), the premalignant lesions 
exhibited low-grade dysplasia in 154 (86.5%) patients and 

high-grade dysplasia in 24 (13.5%). Figure 6 shows differ-
ent morphopathological forms of premalignant lesions from 
the series of patients included in the study.

The distribution of polyps varied statistically significant-
ly (p=0.0001) in relation to the size and dysplasia of the pre-
malignant lesions. The smallest size was recorded in polyps 
with low-grade dysplasia (n=153), while large sizes were 
more commonly found in those with high-grade dysplasia 
(n=23). This demonstrates a direct relationship between 
size and dysplasia, with 74.2% of polyps with high dysplasia 
being classified as large (Figure 7).

Fig. 6 Morphological subtypes of conventional adenomas according to the WHO classification (2019)
A, B – tubular adenoma with moderate epithelial dysplasia (A - HE stain, ×100; B - HE stain ×200); C – villous adenoma with moderate epithelial 
dysplasia (HE stain, x100); D – tubular adenoma with high epithelial dysplasia (HE stain, x200); E – tubulovillous adenoma with high epithelial 
dysplasia (HE stain, x200); F – tubulovillous adenoma with low epithelial dysplasia (HE stain, x200)

Fig. 7 Distribution of polyps in relation to size and their degree of dysplasia in the patients included in the study
Note: size of the polyps – large, small, very small

A

D

B

E

C

F
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Discussions
As cell proliferation exceeds degradation, accumulations 

of cells appear, forming small protrusions in the intestinal 
lumen that represent benign tumors (polyps). Adenomatous 
polyps are defined as lesions containing epithelial neopla-
sia. According to their histological structure, adenomas can 
be of three types. The most common are tubular adenomas, 
which are formed predominantly (more than 80%) from 
a complex network of branched adenomatous glands. The 
second type is represented by villous adenomas, composed 
predominantly (>75%) of adenomatous glands that extend 
linearly from the surface to the center of the polyp, creat-
ing a digitiform appearance. The third type of adenomatous 
polyp is represented by tubulovillous lesions, which are a 
combination of the other two histological types (25-75%) 
[10]. Colorectal adenomas are, by definition, considered 
dysplastic, as they all contain foci of dysplasia. At their level, 
the glandular epithelium exhibits abnormalities in cellular 
differentiation and renewal, leading to hypercellularity in 
the colonic crypts, with cells containing mucin in variable 
amounts. Based on the extent of cytological and architec-
tural alterations, two types of dysplasia are described: mild 
and severe [11, 12].

Currently, the architecture of the colonic mucosa is also 
considered in determining the form of neoplastic growth. 
According to the Paris classification, colonic neoplastic le-
sions are categorized into the following types:

•	 type Ip – protruding, pedunculated
•	 type Is – protruding, sessile, broad-based
•	 type IIa – superficial, flat, and elevated
•	 type IIb – completely flat
•	 type IIc – superficially depressed
•	 type III – excavated/ulcerated [13].
Kudo classifies adenomas into protruding (polypoid 

lesions), flat-elevated, and flat (Figure 8). Flat-elevated le-
sions are further divided into flat-elevated and flat-elevat-
ed with central depression. The flat type of lesion is subdi-
vided into flat and depressed. In this classification, the flat 
type corresponds to the initial description of flat adenomas. 
within 2001, Kudo and colleagues morphologically analyzed 
approximately 20,000 colonoscopic lesions and determined 
that polypoid and non-polypoid lesions accounted for 55% 
and 45% of cases, respectively. Non-polypoid lesions are 
present in the proximal and distal regions of the colon in 
equal proportion, whereas polypoid lesions are more fre-
quent in the distal colon [14, 15]. 

Fig. 8 Kudo classification of colonic neoplastic lesions [14, 15]
Note: Pit pattern classification of colorectal neoplasia (Kudo et al.). I – Round pit (normal pit), II – asteroid pit, IIIS – 
tubular or round pit (smaller than the normal pit, i.e., type I), IIIL – tubular or round pit (larger than the normal pit, 
i.e., type I), IV – dendritic or gyrus-like pit, V – amorphous, nonstructured pit.

World Health Organization (WHO) in 2010 classified 
serrated polyps into non-dysplastic polyps, which include 
hyperplastic polyps and sessile serrated polyps, and dys-
plastic polyps, which include sessile serrated polyps with 

dysplasia and traditional serrated adenomas [16, 17].
The prognostic significance of histopathological grad-

ing has been recognized in numerous studies over time. 
In 1949, Dukes found a correlation between colonic tumor 
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grading and lymph node metastasis, indicating a worse 
prognosis. Poorly differentiated adenocarcinomas are as-
sociated with lymph node metastases in more than 50% 
of cases. In contrast, moderately and highly differentiated 
tumors have a lower rate of lymph node metastasis. The 
degree of tumor differentiation also has prognostic signif-
icance, as it correlates with local invasion of the intestinal 
wall and adjacent organs, as well as with venous and lym-
phatic invasion. An obvious relationship between survival 
rate and histopathological grading of colorectal neoplasia 
has been demonstrated. The higher the grading–meaning 
the more undifferentiated the tumor–the more aggressive 
its progression and the lower the chances of long-term sur-
vival. According to Morson (2001), the five-year survival 
rates for highly differentiated, moderately differentiated, 
and undifferentiated forms are 80%, 60%, and 25%, respec-
tively [18, 19].

However, there are challenges in interpreting studies 
due to the use of various older grading systems. Addition-
ally, classifying tumors according to the current staging sys-
tem, which includes 4 grades–from G1 (well-differentiated) 
to G4 (undifferentiated, anaplastic) – can be complex. There 
may also be staging errors, as most invasive tumors contain 
focal areas of undifferentiated cells at the site of invasion. 
However, these areas are not necessarily representative of 
the entire tumor’s grade [20, 21].

The various histopathological types of primary colonic 
neoplasms may allow for the classification of patients into 
different prognostic groups. The histopathological aspect 
has negative prognostic significance that has been proven 
only for certain histological subtypes of adenocarcinomas: 
colloid (mucinous) carcinoma, “signet ring” cell carcino-
ma, small cell carcinoma, and squamous carcinoma. De-
spite advances in surgery and adjuvant therapy for colonic 
neoplasms in recent years, the average 5-year overall sur-
vival of patients with curative resections for CRC remains 
only 62%, and local recurrences occur in more than 90% 
of cases where therapy has failed [22]. The prognosis of 
CRC depends on a multitude of factors that can be grouped 
into categories: clinical factors, tumor stage factors, histo-
pathological factors, and biological (molecular) factors [23]. 
Undoubtedly, the most important factors for survival prog-
nosis are the degree of tumor invasion into the intestinal 
wall. Obviously, the more advanced the stage of neoplasia, 
the shorter the life expectancy. The TNM classification for 
CRC is based on the observation that the size of the tumor 
correlates directly with local invasion, and thus, implicit-
ly with the prognosis. No significant relationship between 
neoplasm size or diameter and 5- or 10-year survival has 
been demonstrated. Moreover, some studies suggest that 
large-sized NPCs may have a better prognosis. A possible 
explanation for this could be that the size of the tumor is 
often amplified by peritumoral inflammatory phenomena of 
the body’s defense mechanisms, while in reality, the actual 
tumor volume is smaller.

The macroscopic anatomopathological form is a param-
eter in formulating the prognosis, as the appearance of the 

neoplasia reflects its biological nature. Patients with exo-
phytic or polypoid tumors seem to have a better prognosis 
compared to those with ulcerative or infiltrative tumors. 
Grinnell, who classifies tumors into protruding (exophyt-
ic, vegetative), intermediate, and infiltrative types, found 
as early as 1939 that 83% of patients with vegetative neo-
plasms survive five years, while the percentage drops to only 
38% for those with infiltrative tumors or 48% for those with 
intermediate tumors. The explanation for these differences 
lies in the lower percentage of intestinal wall penetration 
in vegetative tumors compared to ulcerative ones (24% vs 
39%), the lower frequency of nodal and/or hematogenous 
metastasis in vegetative tumors (about 24% vs 31 % for in-
filtrative tumors), and the fact that, in general, vegetative 
tumors are more limited in depth within the intestinal wall 
compared to ulcerative-infiltrative ones [24, 25]. There are 
divergent opinions on how the location of CRC in various 
segments of the colon influences survival. One study sug-
gests that the location of CRC in the subperitoneal space on 
the rectum decreases the 5-year survival rate compared to 
intraperitoneal locations. Tumors located in the right hemi-
colon tend to have a less favorable prognosis than those in 
the left hemicolon, with a survival rate 2-14% higher at 3 
years post-resection for neoplasms in the left hemicolon 
compared to those on the right. This difference is probably 
explained by the more technically challenged dissection of 
the central lymphatic stations at the level of the origin of 
the superior mesenteric artery [26]. The histopathological 
aspect of the primary neoplasm has negative prognostic sig-
nificance proven only in the case of certain histological sub-
types of adenocarcinomas: colloid (mucinous) carcinoma, 
“signet ring “ cell carcinoma, small cell carcinoma, and squa-
mous carcinoma. These adenocarcinomas are aggressive tu-
mors, usually discovered at a more advanced stage, with ex-
tensive pericolonic invasion. They present an increased in-
cidence of lymph node metastases and have a high degree of 
malignancy, leading to lower long-term survival rates [27]. 
The effects of the main histopathological prognostic factors 
in CRC and NPC are shown in Table 4.

Research on the molecular biology of CRC, along with in-
creasingly detailed genomic studies, raises hope for better 
control of this pathology. The only chance to improve pa-
tient survival is through early diagnosis, appropriate man-
agement at each stage by a multidisciplinary team, and ac-
tive, systematic surveillance of all patients. Treatment must 
be differentiated by stage and tailored to each patient, who 
may develop a unique form of neoplasia. Stage 0 malignant 
polyps (TisN0M0) less than 2 cm, with submucosal infiltra-
tion, endoscopically resected, with non-infiltrating margins, 
well-differentiated cancer in situ, or severe dysplasia, which 
usually have a low chance of lymph node infiltration, can be 
followed up colonoscopically. If the pedunculated polyps 
are over 2 cm or the microscopic malignant tissue is poorly 
differentiated, or if the invasion exceeds the submucosa or 
there is suspicion of damage to a single lymph node, seg-
mental colectomy with lymphadenectomy is required after 
polypectomy. In cases where endoscopic resection margins 
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are positive, immediate colectomy is mandatory [28]. In 
stages I and II (any T, N0, M0), where the neoplasia is con-
sidered localized, surgery is the standard treatment. For T3 
tumors, a D3 lymphadenectomy is required, involving com-
plete dissection of all regional, paracolic, intermediate, and 
central lymph nodes (a minimum of 12 lymph nodes should 
be removed and examined). In stage III, where lymph node 
invasion is demonstrated (any TN1-3M0), if there is a risk 
of local or distant recurrence, sectoral colectomy with D3 
lymphadenectomy is necessary. This procedure is import-
ant for correct stagingand should be followed by adjuvant 
chemotherapy [29].

Table 4. Histopathological prognostic factors in CRC and NPC [20-27]
Histopathological prognostic 
factors

Effect on prognosis

TNM stage (documented 
histopathologically)

increasing the stage significantly 
decreases the prognosis

The degree of intestinal wall 
invasion

the depth of invasion negatively 
affects the prognosis

The degree of differentiation well-differentiated tumors have a 
better prognosis than poorly- or 
undifferentiated ones

Local inflammatory and 
immunological reaction

favorable prognosis

Primary tumor morphology polypoid/exophytic tumors have a 
better prognosis than ulcerative/
infiltrative ones

The size of the primary tumor no effect in most studies
Tumor location in the colon better prognosis for colon tumors 

compared to rectal tumors *
better prognosis for left hemicolon 
locations compared to right 
hemicolon *

Presence of lymphovascular 
invasion (LVI) and perineural 
invasion (PNI)

favorable prognosis in their absence

Status of surgical resection 
margins

favorable for negative resection 
margins

Status of lymph nodes (total 
number identified, number of 
positive lymph nodes)

favorable for the lack of metastases 
in the lymph nodes

Note: * - prognostic significance for which the conducted studies are 
contradictory

Active surveillance of patients who have undergone sur-
gery for CRC, as well as those at an increased risk of devel-
oping this neoplasia (e.g., patients who have undergone pol-
ypectomies for stage 0 cancer), is essential. The most effec-
tive way to detect recurrences and, especially, metastases in 
a timely manner is the systematic follow-up of patients with 
CRC in stages I-III. The most comprehensive surveillance 
protocol is that recommended by the Japanese Colorectal 
Cancer Society (2019), which recommends:

◾◾ clinical examination and determination of CEA (Car-
cinoembryonic Antigen) every 3 months during the 
first 3 years and every 6 months up to 5 years.

◾◾ abdominal ultrasound and chest X-ray every 6 
months for up to 5 years.

◾◾ thoraco-abdominal computed tomography and colo-
noscopy annually for up to 5 years [30].

The surgeon, as a member of the multidisciplinary team 
managing colorectal neoplasia, plays an important role in 
diagnosis, treatment, and follow-up.

Conclusions
A detailed analysis of the morphopathological character-

istics of tumor formations, beyond confirming malignancy, 
provides important information for determining therapeu-
tic management. Classification into a risk group that assigns 
the patient a specific prognosis can also contribute to a bet-
ter understanding of tumor genesis, allowing for the strat-
ification of patients for individualized treatment–either 
more aggressive or less aggressive–based on the prognosis. 
Further extensive studies are required to analyze the cor-
relations between histopathological form, treatment, and 
survival rate.
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Introduction. The irrational use of antibiotics is one of the main factors contributing to the accelerated development of 
antimicrobial resistance worldwide. Despite the regulations established to control the procurement of antimicrobial drugs, 
the rate of self-prescribing and self-treatment with antimicrobials remains very high in most countries. To plan further 
measures to combat this resistance, a thorough understanding of the current reasons behind this behavior is required. The 
aim of the study is to explore the general public’s knowledge, attitudes, and behavior regarding antibiotic consumption.

Material and methods. A cross-sectional study was conducted using a questionnaire developed by the World Health 
Organization to assess the general public’s knowledge, attitudes, and behavior regarding the use of antimicrobial 
preparations. The questionnaire was administered in 10 randomly selected locations in the Chisinau municipality, including 
bus and trolleybus stops, shopping centers, universities, and medical institutions.

Results. The survey included a sample of 572 participants with an average age of 36 years. The majority were female 
(60.0%). The overall level of awareness of the benefits and harms of antibiotics was 63.8%, and appropriate antibiotic use 
practices were demonstrated by 68.3% of respondents. These practices include purchasing antibiotics with a prescription 
(60.0%) and taking antibiotics until completing the course of treatment (77.0%). 

Conclusions. Misconceptions and counterintuitive antimicrobial use practices undoubtedly complicate efforts to combat 
AMR and can lead to unintended consequences. Developing educational measures and promoting the responsible use of 
antibiotics are crucial priorities in combating antibiotic resistance and ensuring effective treatment outcomes.
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K e y  m e s s a g e s

What is not yet known on the issue addressed in the submit-
ted manuscript
The cause of irrational antimicrobial consumption differ across 
age groups and social classes, and identifying and analyzing these 
reasons is essential to determine where and how to address the 
problem of inappropriate antimicrobial use.
The research hypothesis
The degree to which a population complies with corresponding 
safety measures and regulations regarding antimicrobial use is 
undoubtedly influenced by people’s knowledge, attitudes, and 
practices (KAP) concerning antimicrobial resistance. 
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Introduction
The discovery of antimicrobial drugs undoubtedly 

marked a turning point for humanity, changing the course 
of medicine and offering a new hope for life [1, 2]. Scien-
tists believe this important event in medical history added 
a decade to human life expectancy [1]. It is known that the 
human body has its own defense mechanisms against infec-
tion, and even if some symptoms occur, a strong immune 
system can respond effectively and quickly to bacterial in-
fections. However, in certain circumstances, the human 
body needs assistance to combat infection. In the case of 
bacterial infections, antibiotics provide that help [2, 3].

Over time, antimicrobial therapy has become increas-
ingly used in the treatment of both confirmed and suspect-
ed bacterial infections, as well as for infection prophylaxis 
in surgical wards, intensive care units, and even pediatric 
wards [3, 4]. Due to the widespread use of antibiotics, ap-
propriate prescribing has become a key topic among in-
ternational researchers [2]. International studies on anti-
biotic prescription practices in hospitalized children indi-
cate that antibiotics are being misused [3]. As a result of 
antibiotic overuse, many microorganisms have developed 
resistance through various defense mechanisms, particu-
larly Gram-negative bacteria, which pose a major challenge 
worldwide [2, 5]. 

Antimicrobial resistance is associated with ineffective 
therapies, increased mortality, prolonged hospitalization, and 
additional costs for both patients and countries [2]. Given the 
current uncontrolled spread of resistant bacteria, it is imper-
ative to identify the causes of this phenomenon. Numerous 
international studies have found that a major determinant 
in the development of resistance is the irrational and uncon-
trolled consumption of antibiotics within the population [3, 
6]. Irrational antibiotic use includes prescribing antibiotics in 
incorrect doses, self-medication, and the treatment of viral or 
non-bacterial diseases [3]. It has been estimated that many 
factors such as politics, economics, doctors’ knowledge and 
experience, diagnostic uncertainty, and pharmaceutical mar-
keting contribute to the irrational use of antibiotics [7]. 

International research has estimated that patients’ high 
expectations of the therapeutic effects of antibiotics influ-
ence their behavior and attitudes towards the use of antimi-
crobial preparations. Thus, measures to combat the spread 
of resistant micro-organisms should focus on increasing 
public awareness of how antibiotics are used, prescribed, 
and dispensed [4].

The aim of the present study is to assess the general pub-
lic’s knowledge, attitudes, and behavior regarding antibiotic 
use and to identify the factors associated with irrational an-
tibiotic use.

The novelty added by the manuscript to the already published scientific literature 
This study highlights the main factors related to the population’s level of awareness about antibiotics that influence individuals’ 
treatment decisions for various diseases. Understanding these factors is essential to implementing effective measures tailored 
to specific population groups to combat antimicrobial resistance.

Material and methods
A cross-sectional study was conducted to assess the gen-

eral public’s knowledge, attitudes, and behavior regarding 
the use of antimicrobial preparations in the treatment of 
infectious diseases. As of January 1, 2021, the population of 
the Republic of Moldova aged 18 to 74 was 2,619,950. With 
a sample size of 572 persons, the margin of error at a 95% 
confidence interval was no more than 4.3%. The sample 
size was calculated using the following formula: 

(1) 

where: z is the z-score, equal to 1.96 for a 95% confi-
dence interval

ε is the margin of error
N is the population size
p is the population proportion (around 60%).
Inclusion criteria for the study population. Adults aged 

18 to 74 years were included in the study. Individuals un-
der 18 and over 74 years of age were excluded, as these 
groups rarely make independent decisions regarding their 
own health. Informed consent was obtained from each re-
spondent at the beginning of the interview. Participants 
were selected using a random sampling approach.

Training for research team (interviewers). The research 
team underwent training in an online session conducted 
via the Zoom platform by three researchers from the Uni-
versity of Copenhagen. This training covered key aspects 
of qualitative research methodology, an introduction to 
qualitative research, and practical sessions. The team con-
sisted of 7 interviewers who were assigned to the selected 
sites to conduct interviews and collect data between No-
vember 8 and November 17, 2022. The team was formed 
by order number 250-d, issued on November 8, 2022, by 
the National Agency for Public Health of the Republic of 
Moldova.

The study utilized a questionnaire developed and vali-
dated by the World Health Organization as its primary in-
strument. This opinion questionnaire featured closed-end-
ed questions, which were administered by interviewers 
during face-to-face interviews. The survey included di-
chotomous (Yes/No), multiple choice, and hierarchical 
questions to comprehensively analyze the knowledge, at-
titudes, and behaviors of the interviewed population. Data 
collection was conducted using Android-based tablets, 
with the questionnaire implemented through KoBoTool-
box, a free and open-source suite of tools for mobile data 
collection. 

To conduct this survey, 10 locations in the Chisinau mu-
nicipality, typically characterized by a higher flow of people, 
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were randomly selected. These locations included bus and 
trolleybus stops, shopping centers, universities, and medi-
cal facilities (Table 1).

Table 1. Locations selected for the survey
Trolleybus 
and bus 
stops

Shopping cen-
ters

Medical facilities Universities

«Construc-
tion Col-
lege»

Gemenii Shop-
ping Center, 136 
Stefan cel Mare 
și Sfânt Boule-
vard

«Toma Ciorba» 
Clinical Hospital of 
Infectious Diseases, 
163 Stefan cel Mare 
si Sfant Boulevard

Nicolae Testemița-
nu State Universi-
ty of Medicine and 
Pharmacy, 165 
Stefan cel Mare 
Boulevard

«Grand 
National 
Assembly 
Square»

Grand Hall 
Shopping Cen-
ter, 2/4 Con-
stantin Negruzzi 
Boulevard

Oncological Insti-
tute, 30 Nicolae 
Testemițanu Street

«House of 
Press»

UNIC Shopping 
Center, 8 Stefan 
cel Mare și Sfant 
Boulevard

Institute of Cardi-
ology, 29/1 Nicolae 
Testemițanu Street 

The collected data was analyzed using Microsoft Excel 
(Microsoft, Redmond, Washington) tools. Relative statistical 
parameters were calculated, specifically the ratio, using the 
formula: 

(2) 

Using this formula and raw data, the demographic param-
eters of the respondents were determined, including: (1) dis-
tribution by gender; (2) distribution by age groups; (3) distri-
bution by socio-professional groups. The same principle was 
applied to analyze the responses to the questionnaire.

The study was confirmed as exempt from review by 
the WHO Ethics Review Committee (Protocol Number 
ERC.0003790).

Results
According to the interview location, 25.0% of respon-

dents were interviewed while waiting at bus or trolleybus 
stops, 39.0% near selected shopping centers, 12.0% in the 
vicinity of universities, and 24.0% near the mentioned med-
ical institutions.

Females accounted for 60.0% of the respondents, while 
males comprised 40.0%.

The individuals included in the study were almost evenly 
distributed across age groups: 21.0% of respondents were 
aged 18-24 years, 34.0% were in the 25-39 years age group, 
25.0% were in the 40-54 years group, and 20.0% were aged 
55 years or older.

Respondents were categorized into socio-professional 
groups based on their primary activity. The largest group 
consisted of employees performing physical labor (23.0%), 
followed by students (22.0%), office workers (17.0%), and 
retired persons (15.0%).

Of all the individuals included in the study, 49.0% re-
ported having taken antibiotics in tablet, powder or syrup 

form within the past 12 months. In 60.0% of cases, these 
antibiotics were obtained with a prescription, 21.0% were 
administered by a healthcare professional, 10.0% were tak-
en from leftover medication from previous treatments, and 
7.0% were taken without prescription.

The reasons for using these antimicrobial preparations 
varied (Fig. 1).

Most people used antibiotics to manage a fever (18.0%), 
while 17.0% took antibiotics to treat pneumonia. Addition-
ally, 15.0% used antibiotics for colds and coughs, 13.0% for 
urinary tract infections, 12.0% for sore throat, 11.0% for 
bronchitis, and 10.0% for headaches.

In response to the question “Did you have any tests–such 
as blood tests, urine analysis, or pharyngeal exudate–to de-
termine the cause of the illness before or at the same time 
as starting antibiotics?”, 63.0% answered “Yes,” and 33.0% 
answered “No”. 

To assess the level of knowledge regarding the use of anti-
microbials, respondents were asked several general questions 
about antimicrobial preparations. The statement “Antibiotics 
kill viruses and are effective against colds” was considered 
true by 43.0% of respondents and false by 44.0%. Meanwhile, 
66.0% agreed with the statement “Using antibiotics when not 
needed makes them ineffective”, and 56.0% identified diar-
rhea as one of the common side effects of antibiotics. 

An interesting pattern emerged when responses to the 
statement “Antibiotics kill viruses” were disaggregated by 
age group (Fig. 2).

The rate of correct response was higher in age groups 
under 40 years, which is an important milestone in assess-
ing population knowledge and identifying target groups for 
public health interventions. Representing more than half of 
the respondents, an average of 55.64% chose the correct 
answer to the “trap” question in the survey.

Fig. 1. Reason provided by respondents 
for frequent antibiotic use, %

Note: UTI – urinary tract infection
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The majority of individuals included in the study 
(77.0%) believed that antibiotics should be taken until the 
treatment was completed, while 16.0% were of the opinion 
that the antimicrobial treatment should last only until the 
person felt well.

Of the individuals who were advised not to take antibi-
otics unnecessarily in the past 12 months, 51.0% received 
this advice from a doctor, 47.0% from the news or other TV 
programs, 29.0% from online sources, and 19.0% from fam-
ily members or friends. For 64.0% of respondents, this in-
formation was sufficient to change their perspective on an-
timicrobials. Specifically, they reported: consulting a doctor 
when they believe they need antibiotic treatment (95.0%); 
stopping self-medication with antibiotics (49.0%); and not 
keeping leftover antibiotics for future infections (21.0%).

When asked which sub-topics they would like more in-
formation about, most respondents indicated an interest in 
learning how to prescribe antibiotics (35.2%), followed by 
antimicrobial resistance (20.5%) and the administration 
or use of antibiotics (20.0%). In 84.0% of cases, respon-
dents preferred to receive this information from a health-
care worker, while 22.0% favored an official health website, 
9.0% mentioned TV, and 8.0% cited relatives and friends.

Among those who had COVID-19, 33.0% had not taken 
antibiotics to treat the infection, 16.0% had taken antibiot-
ics prescribed by a doctor, and 3.0% had taken antibiotics 
without a prescription. Slightly more than a third of respon-
dents (32%) reported not having had COVID-19.

To address antimicrobial resistance, 14.0% believe that pre-
ventive and control measures should be taken at the individual 
level, 12.0% at the national level, 15.0% at the global level, and 
39.0% think actions should be implemented at all levels.

Discussion
Population knowledge on how to use antimicrobial 

preparations varies by country/territory, culture, socioeco-
nomic status, education, age, and personality [8].

The main objective of this study was to identify the main 
factors associated with antimicrobial misuse in order to rec-
ommend the development of targeted measures to prevent 
and control antibiotic resistance [8].

Due to the growing levels of resistance, in 2017, the World 
Health Organization implemented the first antibiotic release 
restrictions. Since then, most European countries have devel-
oped and approved several regulations in this area [9, 10]. 
However, the results of the current study, recent studies con-
ducted in Russia, and numerous similar studies in other coun-
tries show that dispensing antibiotics in pharmacies without 
a prescription remains a common practice, for known rea-
sons–primarily the commercial interests of pharmacists or 
their compassion for the patient’s condition [9, 11, 12].

In this context, it is very important to note that such rea-
sons cannot justify a ‘fair’ policy of marketing antibacterial 
preparations in contravention of the regulations set by gov-
ernment authorities. International researchers have also 
reported the results of quantitative studies, which demon-
strate the common practice of over-the-counter dispensing 
of antibiotics in pharmacies [9, 13, 14].

The results of the study showed a moderate level of 
awareness (63.8%) of antibiotic use, higher than the lev-
els reported by El Zowalaty and Al-Shawi et al. (48.0% and 
48.4% respectively) [15, 16].

In this study, 81.0% of the respondents indicated that 
they had taken antibiotics on prescription, while 18.0% had 
not been prescribed by a doctor. Among the participants in 
the study conducted by El Zowalaty, 62.0% took antibiot-
ics for treatment according to a doctor’s prescription, and 
48.0% took them without a prescription [16].

As in the study by Alnasser et al., the majority of respon-
dents believed that antimicrobial preparations or prescrip-
tions should not be kept for later use and should not be 
passed on to another person for treatment [17].

The majority of study participants indicated that antibiot-
ics should be discontinued after completing the full course of 
treatment prescribed by the doctor (77.0%), while 16.0% be-
lieved treatment should be stopped when feeling better. This 
contrasts with 56.8% of participants in the study by Alkhali-
fah et al., who frequently stopped antibiotics when symptoms 
improved [18]. Results from other local studies conducted in 
Riyadh, Saudi Arabia, show that between 48.0% and 67.0% 
of respondents stopped antibiotics after feeling better [16].

Importantly, a significant proportion of people in the 
survey have misconceptions about the need for antibiotics. 
Thus, 43.0% of respondents believe that antibiotics kill vi-
ruses, and 48.0% agree that they are effective against colds. 
These results align with those obtained in the study by 
Dopelt et al. in 2023, conducted with a group of students at 
Ashkelon Academic College in Israel, the majority of whom 
believed that antibiotics could be used to cure a cold, fever, 
sore throat, and viral infections [19]. Similar results have 
also been obtained in other research highlighting the prob-
lem of a lack of knowledge about antibiotic use [20, 21].

Moreover, these people believe that they should receive 
antibiotics with their doctor’s prescription whenever they 

Fig. 2. Disaggregation of responses to the statement 
“Antibiotics kill viruses” by age group, %.

Note: The figure illustrates the distribution of “True,” “False,” and “Don’t 
know” answers (blue, orange, and grey columns) among respondents, 
categorized into age groups: 18-24 years, 25-39 years, 40-54 years, and 
over 55 years.
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fall ill or use those left over from previous treatment. Such 
misconceptions are also reflected in the findings of studies 
by Sambakunsi and Marzan et al. in Malawi and Bangladesh, 
where many respondents practiced self-medication, includ-
ing with antibiotics [22, 23].

A significant proportion of participants in a study con-
ducted in Russia believe that antibiotics are generally easy 
to obtain at any time and can be self-prescribed based on 
symptoms previously experienced by the person them-
selves, family members, or friends. In these situations, 
self-treatment with antibiotics recommended by close in-
dividuals is practiced without any medical education back-
ground [9]. Similar self-medication practices have been 
demonstrated in other studies in north-west Russia [12].

In these cases, associated with the irrational use of an-
tibiotics, individuals were unaware of the potential adverse 
reactions to antimicrobial preparations or the risk of devel-
oping bacterial resistance to them.

Another important finding based on the study results was 
the positive correlation between employment status and ap-
propriate antibiotic use. Thus, the socio-professional status 
of the interviewee serves as a determinant of antibiotic use. 
Such observations were also made by Napolitano et al. in a 
study from Italy, in which unemployed respondents were less 
informed about antibiotics [24]. Several international studies 
have shown the relationship between awareness of antibiotic 
use and antibiotic resistance with the level of education and 
the presence of children [25], and in a study in Saudi Arabia, 
appropriate antibiotic use practices were associated with 
marital status and the presence of children (80% of married 
participants), explained by more information about antibiot-
ics received during pediatric patients’ treatment [18].

To combat antimicrobial resistance, 14.0% believe that 
measures to prevent and control this phenomenon should 
be taken at the individual level, 12.0% at the national lev-
el, 15.0% at the global level, and 39.0% believe that actions 
should be taken at all levels.

It is gratifying that most of the respondents are aware 
of the impact of AMR on the health of the population and 
believe that prevention and control measures to combat 
this phenomenon should be taken at the individual, nation-
al, and global levels. Insignificant differences in this respect 
were found in the study conducted by Rachina et al. in Rus-
sia, where less than 10.0% of respondents regarded AMR as 
a global problem that affects the individual not only at the 
moment but also as a problem for the future [9]. These re-
sults are also consistent with other studies in Germany [26] 
and Australia [27].

Among the limitations of this study, we mention the 
cross-sectional study design, which does not allow us to de-
termine causality but only to highlight associations between 
variables. Also, the survey conducted in urban settings can-
not speak to the behavior of rural people or the behavior-
al patterns of healthcare personnel and policymakers who 
interact with the general public through awareness-raising 
activities. Given that it was conducted in one step and in a 
very short period, our survey was not able to capture inter-

nal migration or seasonal changes that affect the epidemio-
logic environment.

Conclusions
Despite all the regulations regarding the use of antibiot-

ics, common practices of self-diagnosis and self-treatment 
with antibiotics persist, along with attempts to purchase 
antimicrobial preparations in pharmacies without a pre-
scription. Moreover, treatment advice often comes from 
friends or family members who lack any medical education.

The general population has insufficient knowledge 
about antibiotics and misconceptions about the impact of 
their irrational use and the role of individual users in the de-
velopment of bacterial resistance. A lack of clarity about the 
nature of infections continues to contribute to the inappro-
priate use of antibiotics – treating different viral or bacterial 
diseases without prior investigation – and, consequently, to 
the development of resistance in microorganisms.

Addressing these misconceptions through educational 
interventions and promoting the responsible use of antibi-
otics remains a priority in combating antibiotic resistance 
and ensuring optimal treatment outcomes.

Insufficient knowledge among study participants about 
the effects and appropriate practices of antibiotic use high-
lights the need to strengthen awareness-raising measures, as 
well as to promote effective collaboration between family doc-
tors and pharmacists to ensure the rational use of antibiotics.

The findings of the study emphasize the need for in-
terventions at both the individual and community level 
through healthcare policies and public education programs. 
These findings provide insight into the population’s un-
derstanding of the phenomenon of resistance, serving as a 
benchmark for designing interventions aimed at increasing 
knowledge and awareness of the problem.
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Introduction. In the context of increasing global consumption of bottled water, assessing its chemical composition and 
impact on public health becomes essential. Although perceived as a safe alternative, bottled water exhibits variability in its 
chemical composition, and advanced filtration methods can remove essential minerals. Consumers opt for bottled water 
due to its taste and convenience, yet awareness of associated risks remains limited. This study proposes the development 
and validation of a questionnaire to evaluate public perceptions of bottled water quality and its health impact, providing a 
valuable tool for public education and regulatory policies.

Material and methods. The questionnaire was developed to analyze consumer attitudes and behaviors regarding bottled 
water. Structured into four sections (socio-demographic data, consumption habits, perceptions of quality, and health impact), 
it underwent multiple validation stages. A panel of experts assessed the relevance of the questions, and a pilot study was 
conducted with a sample of 32 adults (aged 24-62) to evaluate validity and internal consistency using the Cronbach’s alpha 
coefficient. Final validation was based on the feedback collected and statistical analysis performed using SPSS Statistics 27.

Results. S-CVI/Ave and S-CVI/UA are indicators of questionnaire content validity, calculated based on item validity scores 
and the percentage of agreement among evaluators. The S-CVI/Ave and S-CVI/UA values exceeded the minimum standard 
of 0.80, while the I-CVI index ranged between 0.83 and 1.00, demonstrating excellent item validity. Following respondent 
feedback, 18 questions were revised, and 6 were removed, resulting in a second version with 61 items. The validity sample 
comprised 84.4% women and 15.6% men, aged 24 to 62 years. Most respondents considered the questions clear and 
easy to understand, although suggestions were made to improve clarity and avoid redundancy. Internal consistency 
was confirmed through the Cronbach’s alpha coefficient, which was acceptable for most domains, except one, where the 
coefficient was below 0.70 but was retained due to the validity of the questions.

Conclusions. The questionnaire for assessing bottled water consumption was successfully validated, demonstrating 
content validity and internal consistency. Face validity ensured the clarity of the questions.
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K e y  m e s s a g e s

What is not yet known on the issue addressed in the submit-
ted manuscript
The impact of the chemical composition of bottled water, partic-
ularly its mineralization indices, on public health remains insuffi-
ciently explored. Moreover, there is no validated tool designed to 
assess this relationship comprehensively.
The research hypothesis
The questionnaire developed to evaluate the population’s perception 
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of bottled water quality, particularly its chemical composition, is a 
valid and reliable tool for collecting relevant data to analyze the re-
lationship between consumer perceptions and public health impact.
The novelty added by manuscript to the already published sci-
entific literature
The study presents the development and validation of a novel 
questionnaire for assessing the chemical composition of bottled 
water and its potential health impacts, marking a significant con-
tribution to scientific literature. This tool is particularly innovative 
for the Republic of Moldova, as it represents the first standardized 
method tailored to evaluate the relationship between water quali-
ty and public health in the region.

Introduction
In the context of growing concerns about the impact of 

bottled water on public health, assessing its chemical com-
position has become essential to ensuring safe consump-
tion. Bottled water is often perceived as a safer alternative 
to tap water; however, the variability in its chemical com-
position, including the presence of potentially hazardous 
substances, can affect the long-term health of the popula-
tion [1]. Although numerous studies have focused on the 
physicochemical analysis of bottled water, tools for evaluat-
ing consumer perceptions and raising awareness about the 
associated risks remain limited.

The increasing consumption of bottled water can be at-
tributed to greater public awareness of its perceived health 
benefits. This trend initially emerged in Western Europe, 
followed by the United States and Asian countries. Global 
bottled water consumption reached 329.33 billion liters in 
2015 [2]. The technological process of bottled water pro-
duction includes reverse osmosis, nanofiltration, or ultrafil-
tration, wherein water passes through membranes measur-
ing 0.0001, 0.001, and 0.01 µm, respectively, before being 
packaged. However, these filtration methods often remove 
essential minerals along with impurities. The World Health 
Organization has emphasized that consumers primarily 
choose bottled water for its taste and convenience, but safe-
ty and potential health benefits should be fundamental pri-
orities [3]. As bottled water becomes increasingly popular, 
the Codex Alimentarius Commission of the WHO (2011) es-
tablished an international framework for regulating bottled 
water.

Recent studies have shown that in blind taste tests, con-
sumers were unable to distinguish between tap water and 
bottled water. Nevertheless, more consumers choose bottled 
water over tap water [4]. Despite adverse reports regarding 
bottled water, much of the research focuses on exceeding 
limits rather than evaluating baseline thresholds. Establish-
ing ideal global limits based solely on human health could 
lead to overestimation or underestimation, given regional 
variations in daily water consumption [5].

The aim of this study is to develop, test, and validate a 
questionnaire to assess the population’s perception of bot-
tled water quality, particularly regarding its chemical com-

position, and to establish the interrelationship between 
these perceptions and public health. The validation of the 
questionnaire will not only provide an effective data collec-
tion tool but also offer valuable insights into public educa-
tion and regulatory policies for bottled water.

Material and methods 
Stage 1. Development and design of the questionnaire 

and questionnaire validation
The questionnaire titled “Assessment of the chemical 

composition of bottled water and its impact on population 
health” was designed to be comprehensive, explicit, simple, 
and easy to understand.

The development process involved creating a detailed 
research tool capable of thoroughly investigating the atti-
tudes, behaviors, and perceptions of the population regard-
ing the consumption of bottled still water. The goal was to 
produce a well-structured material, organized into distinct 
sections, each targeting an essential aspect of the subject: 
from preferences and purchasing habits to perceptions of 
quality and health impacts.

The development process began with defining objec-
tives, focusing on addressing key questions about bottled 
water consumption. These included identifying the factors 
influencing purchasing decisions, assessing consumers’ 
awareness of the chemical composition and quality of bot-
tled water, examining perceptions of product safety and 
sustainability, and evaluating the health impacts of con-
sumption.

The questionnaire was structured with a clear organi-
zation, comprising four major components. The first part 
is dedicated to gathering general information about re-
spondents, including socio-demographic characteristics. 
The second part examines consumption habits and brand 
preferences, as well as points of purchase. The third section 
explores perceptions of bottled water quality, trust in pro-
ducers, and perceived risks. The final section addresses the 
connection between still water consumption and health, fo-
cusing on reported positive and negative influences as well 
as medical recommendations.

Specifically, a series of socio-demographic questions tar-
geted biological gender, age, place of residence, profession, 
education level, family size, and average household income. 
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These questions focused on drinking water consumption 
and health conditions that might affect hydration and over-
all health, aiming to evaluate the respondent’s profile. De-
tailed habits regarding the consumption of drinking water 
or beverages were recorded, requesting quantitative infor-
mation about the volume in liters or the number of bottles 
consumed daily.

The questionnaire items were designed to allow the col-
lection of both quantitative and qualitative data. The first 
version of the questionnaire was based on expert opinions 
and a bibliographic review focused on similar previously 
developed questionnaires. To minimize measurement er-
rors, the questions were short, closed-ended, and crafted to 
be concise and easy to understand. Additionally, predefined 
response options were provided, drawing on previous stud-
ies and consultations with domain experts, offering detailed 
choices to better clarify the questionnaire’s purpose.

To ensure the validity and relevance of the instrument, 
the questionnaire was tested on a sample of 32 respon-
dents, allowing the identification and correction of any am-
biguities or redundancies.

In July-August 2024, 32 adult individuals (5 men and 
27 women) recruited from the general population of the 
Republic of Moldova, aged between 24 and 62 years, par-
ticipated in the study. The questionnaire was applied on-
line via the Google Forms platform, and the link was dis-
tributed through open social networks. The participants 
were informed about the study objectives and provided 
their consent to participate. The collected data were kept 
confidential, and the study was approved by the Research 
Ethics Committee of the Nicolae Testemițanu State Univer-
sity of Medicine and Pharmacy, approval number 1, dated 
09.10.2023.

Stage 2. Content validity
This phase aimed to ensure that the set of items accu-

rately measures the expected construct of interest. Con-
tent validity assesses how well the items of a question-
naire reflect the concept or domain it aims to evaluate. 
It is a qualitative measure based on expert judgment. An 
independent panel of 4 experts participated in this initial 
stage, including 2 hygiene physicians, a specialist in social 
medicine and biostatistics, and a sociologist. Each expert 
received a copy of the first version of the questionnaire via 
email and was asked to assess the relevance and clarity of 
the items using two 4-point Likert scales. Content validi-
ty is a current and widely used method for assessing the 
quality of a questionnaire, especially in the early stages of 
development [6-8].

A content validity index (CVI) was calculated for each 
domain:

◾	S-CVI/Ave – scale level, using the average method; 
acceptable limit >0.80 [8].

◾	S-CVI/UA – scale level, using the universal agreement 
method; acceptable limit >0.80 [9].

Additionally, a CVI was calculated for each individual 
item (I-CVI; acceptable limit >0.83), along with the modified 
kappa concordance index (κ*):

◾	0.75-1.00 – excellent
◾	0.60-0.74 – good
◾	0.40-0.59 – acceptable
◾	<0.40 – poor
◾	acceptable limit >0.60 [7, 10].

The experts were also given the opportunity to provide 
additional comments and suggestions for each item of the 
questionnaire. Following this stage, the second version of 
the questionnaire was developed. Researchers in the Re-
public of Moldova have extensive experience and have vali-
dated questionnaires both at the national level and through 
the evaluation of study feasibility and the Cronbach’s alpha 
coefficient.

Stage 3. Apparent validity and internal consistency
A quantitative and qualitative study was conducted to 

analyze the items, aiming to assess their suitability for in-
clusion in the questionnaire through face validity and inter-
nal consistency. The questionnaire, distributed online, was 
completed by 32 adults, constituting a convenience sample 
with a wide age range and diverse preferences and practices 
regarding bottled water consumption. 

Data were collected in July-August 2024. Participants 
completed the second version of the questionnaire and 
were provided with an open space to offer additional feed-
back regarding ease of completion, clarity, and suggestions 
for improvement. For face validity, frequencies were calcu-
lated, and open-ended narrative responses regarding opin-
ions and/or instrument improvements were analyzed [11]. 
Internal consistency was determined using Cronbach’s al-
pha coefficient for each dimension (acceptable limit >0.70) 
[12]. As a result of this stage, the third version of the ques-
tionnaire was developed.

Statistical analysis
The results were presented in terms of central tenden-

cy values, relative values, and absolute data. Additionally, 
Cronbach’s alpha coefficient was used to determine internal 
consistency. Statistical analyses were performed using SPSS 
Statistics 27 (SPSS, Inc., Chicago, IL, USA).

Results
Stage 1. Development of the questionnaire and ques-

tionnaire validation
The first version of the questionnaire included 67 ques-

tions, structured into four parts: “General information”, 
“Information about bottled drinking water consumption”, 
“Public perception of bottled still water quality”, and “Bot-
tled still water and health”. The main areas of interest were: 
“Information about bottled drinking water consumption”, 
“Public perception of bottled still water quality”, and “Bot-
tled still water and health”. The questions in the first do-
main had pre-established, clear, and concise response op-
tions. The questions in the second domain also had pre-es-
tablished answers, with a minimum of 2 response options 
and a maximum of 20. For some questions (7 in total), mul-
tiple responses were allowed. The third domain of the ques-
tionnaire included questions with response options ranging 
from 2 to 15. Two questions allowed multiple responses. 
The maximum number of responses in the fourth section 
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was 7, with no multiple-response questions. Respondents 
were asked to freely express their opinions and knowledge 
regarding their perceptions of bottled still water, its con-
sumption, water quality, and its impact on health.

Stage 2. Content validity
S-CVI/Ave represents the content validity index at the 

scale level, calculated as the average of the validity scores 
for all items, while S-CVI/UA indicates the percentage of 
items that received complete agreement between evalua-
tors. S-CVI demonstrates content validity in terms of both 
relevance and clarity (Table 1). S-CVI/Ave ranged from 0.84 
to 0.90 for the domains, exceeding the minimum standard 
of 0.80. S-CVI/UA ranged from 0.82 to 0.89 for the domains, 
surpassing the minimum standard of 0.80 for relevance and 
clarity in all domains.

The I-CVI values (Table 2) for the relevance criterion 
ranged from 0.83 to 1.00, and the κ* indices fell within the 
“excellent” category (κ* 0.75–1.00). Regarding clarity, the 

I-CVI values ranged from 0.83 to 1.00, and the κ* indices 
also fell within the “excellent” category (κ* 0.75–1.00). 

Based on the evaluations and comments, modifications 
were made to 18 questions, including the removal of 6 ques-
tions. As a result, the second version of the questionnaire 
included 61 items.

Table 1. S-CVI/AVE and S-CVI/UA for the three domains of interest in the 
questionnaire

Domains of the questionnaire
S-CVI/Ave S-CVI/UA

Relevance Clarity Relevance Clarity
Information about bottled 
drinking water consumption

0.88 0.86 0.84 0.86

Public perception of bottled 
still water quality

0.86 0.84 0.82 0.82

Bottled still water and health 0.90 0.88 0.89 0.87
Note:
S-CVI/Ave – scale level, using the average method; acceptable limit >0.80; 
S-CVI/UA – scale level, using the universal agreement method; acceptable 
limit >0.80.

Table 2. I-CVI and Kappa* for relevance and clarity of the questionnaire domains
Domains of the questionnaire I-CVI a

Relevance
K* for

Relevance b
I-CVI a 
Clarity

K* for 
Clarity b
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0.
67 0.
5

Ex
ce

lle
nt

Go
od

Ac
ce

pt
ab

le

Po
or

1.
00

0.
83

0.
67 0.
5

Ex
ce

lle
nt

Go
od

Ac
ce

pt
ab

le

Po
or

Information about bottled drinking water 
consumption 85.5 14.5 0 0 100 0 0 0 86.0 14.0 0 0 100 0 0 0

Public perception of bottled still water quality 84.3 15.7 0 0 100 0 0 0 83.2 16.8 0 0 100 0 0 0
Bottled still water and health 89.9 10.1 0 0 100 0 0 0 87.5 12.5 0 0 100 0 0 0
Note: 
κ* represents the modified kappa concordance index;
a I-CVI indicates the content validity index at the item level; 
b κ* 0,75-1,00: excellent, κ* 0,60-0,74: good, κ* 0,40-0,59: acceptable, and κ* <0,40: poor

Stage 3. Face validity and internal consistency
The structure of respondents who participated in the 

face validity phase was 84.4% women and 15.6% men, with 
ages ranging from 24 to 62 years (40.03±11.74). Of them, 
84% were from urban areas, and 16% were from rural ar-
eas. Additionally, 96.9% had higher education, and 3.1% 
had specialized secondary education.

The questionnaire included three open-ended ques-
tions, to which respondents provided qualitative answers 
(Table 3).

Respondents were asked an open-ended question re-
garding the clarity and understanding of the questions in 
the questionnaire. Most respondents considered the ques-
tions clear and easy to understand, expressing themselves 
with phrases such as “Everything was clear”, “All were 
clear”, or “There are none”, indicating the absence of signif-
icant issues related to content comprehension. Some par-
ticipants noted that the questionnaire was lengthy, high-
lighting the risk that respondents might become bored and 
abandon it. Additionally, a few responses pointed out spe-
cific questions that were perceived as unclear or difficult 

to understand, such as questions 6, 10, 23, 36, 45, and 51. 
Furthermore, some responses highlighted the redundan-
cy of certain questions, with one observation noting that 
some questions seemed to have the same meaning, while 
another remark pointed to a sequencing issue between 
questions 50 and 51, suggesting the need for conditional 
display logic.

Table 3. Results of the responses (n=32) to the three open-ended 
questions in the questionnaire during the apparent validity phase

n (%)
Yes Non Excluded 

from 
analysis

1. Please indicate the question numbers 
of any unclear or difficult-to-understand 
questions in this questionnaire.

23 
(71.9%)

5 
(15.6%)

4 
(12.5%)

2. Please indicate the question 
numbers of the clear questions.

24 
(75.0%)

4 
(12.5%)

4 
(12.5%) 

3. Please suggest ways to improve 
the unclear/difficult-to-understand 
questions in this questionnaire.

23 
(71.9%)

5 
(15.6%)

4 
(12.5%)

Note: n (%) - relative values, and absolute data.
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The analysis of responses regarding the questions con-
sidered clear in the questionnaire highlighted that most re-
spondents found all the questions clear, using phrases such 
as “All,” “Everything was clear,” or “All are clear.” One partici-
pant noted that some questions practically repeat, especial-
ly those referring to changes in health status after starting 
to consume bottled water. Additionally, question 57 was 
flagged as redundant in relation to question 60. One partic-
ipant suggested adding filters to the questionnaire to tailor 
the questions to specific situations, stating: “Most are clear, 
but there should be some filters. For example, I consume 5 
liters of water over 1.5-2 months...”. Some respondents iden-
tified specific questions as clear, such as questions 35, 2, and 
1, or provided general answers like “Basically all.”

From the responses provided by the participants re-
garding ways to improve unclear or difficult-to-understand 
questions in the questionnaire, most considered the ques-
tions to be clear, offering answers such as “There are none”, 
“They are quite clear”, or “Everything is clear”, suggesting 
that the questionnaire is, by and large, well-designed and 
accessible. However, some respondents provided valuable 
suggestions for improvements. A frequent observation 
was related to the repetitiveness of certain questions, such 
as those concerning changes in health status or questions 
about organoleptic qualities. For example, one participant 
mentioned that it was unclear whether the questions re-
ferred separately to characteristics such as transparency 
and taste or to all of them simultaneously. This issue was ad-
dressed by clarifying the wording and avoiding redundancy. 
Additionally, some responses emphasized the need for fur-
ther explanations for technical or less familiar terms, so that 
the respondents could better understand the content of the 
questions. Furthermore, the introduction of filters or condi-
tional logic in the questionnaire was recommended to adapt 
the questions to the specific situations of the participants, 
making the questionnaire more personalized and effective. 
Some participants also suggested adding the option “I don’t 
know/I’m not sure” for all questions, which would allow for 
the collection of more authentic and less forced responses.

Some of the responses were ambiguous or incomplete, 
using expressions such as “I don’t know”, “I couldn’t noti-
fy”, or “-”, which indicates either a lack of clear observations 
or difficulties in understanding the open-ended question 
posed. These responses were excluded from the analysis.

Internal consistency was demonstrated through the 
Cronbach’s alpha coefficient parameters (Table 4). The 
Cronbach’s alpha coefficient for the entire questionnaire 
was 0.717 (excluding the nine questions in the “general in-
formation” section), and for two domains, the coefficients 
were also higher than the minimum acceptable value of 0.70 
(ranging between 0.702 and 0.815), with the exception of 
the “Information about bottled drinking water consump-
tion” domain (Cronbach’s alpha coefficient = 0.634). We de-
cided to retain this domain because the questions related to 
it reflect subsequent domains, based on literature data and 
expert experience. Therefore, no changes were made to the 
questionnaire.

Table 4. Cronbach’s alpha coefficient for each domain and for the entire 
questionnaire (internal consistency)
Domains of the questionnaire Cronbach’s 

alpha
value n

Information about bottled drinking water 
consumption

0.634 21

Public perception of bottled still water quality 0.815 12
Bottled still water and health 0.702 19
The questionnaire in its entirety with all domains 0.717 52
Note: Cronbach’s alpha (α) measures the internal consistency of a test, 
reflecting how well items in a set are related. Values above 0.70 are 
typically acceptable, while those over 0.90 suggest excellent reliability. 
Named after psychologist Lee Cronbach, it is widely used to assess test 
reliability.

Discussions
This study developed a questionnaire to assess the 

chemical composition of bottled drinking water in relation 
to public health. The questionnaire was developed through 
a detailed process that included stages of validity evalua-
tion and content adjustment. Its validation was carried out 
using the S-CVI and I-CVI validity indices, which demon-
strated excellent agreement regarding the relevance and 
clarity of the questions. Additionally, internal consistency 
was confirmed through Cronbach’s alpha coefficient, with 
values exceeding the acceptable threshold for most of the 
domains investigated. Subsequent revisions allowed for 
the elimination of redundant questions and the improve-
ment of item formulations, ensuring the relevance and ac-
cessibility of key topics: bottled drinking water consump-
tion, perceptions of its quality, and health effects.

In particular, the most important result of the study was 
the creation of a questionnaire that can be used to assess 
public perception regarding the consumption of bottled 
drinking water, as well as its potential benefits and risks.

Our study highlights several key findings regarding the 
development and validation of the questionnaire used to 
evaluate perceptions and consumption of bottled drinking 
water. Its structure, the relevance of the questions, their 
clarity, as well as data on apparent validity and internal 
consistency, indicate the effectiveness of the research tool 
employed.

The questionnaire, structured into four domains–three 
of which are thematic and essential–was adapted based 
on suggestions provided by respondents and experts. The 
modifications resulted in a reduction in the number of ques-
tions from 67 to 61, while maintaining the relevance of the 
data collected. This process reflects best practices found in 
the literature, which emphasize the need for flexible and 
adaptable tools [13, 14].

The S-CVI/Ave and S-CVI/UA indicators, which exceed-
ed the minimum standard of 0.80 for the three thematic 
domains of importance, confirm the quality of the ques-
tions in terms of both clarity and relevance. These results 
align with methodologies presented by other researchers, 
who have emphasized the importance of quantitative as-
sessment of content validity [15]. Additionally, the I-CVI 
index and the modified kappa coefficient indicate excellent 
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agreement among evaluators, supporting the robustness 
of this process.

The respondent profile, predominantly consisting of 
individuals with higher education and from urban areas, 
ensured the gathering of diverse perspectives on the inves-
tigated topic. Their feedback revealed that the questions 
were generally well-formulated, although a few aspects 
were identified that required adjustments. The observa-
tions provided facilitated the optimization of the question-
naire, similar to the results presented in other significant 
studies [16, 17].

The Cronbach’s alpha coefficient, with values above the 
minimum threshold of 0.70 for most domains, confirms the 
internal consistency of the questionnaire [18, 19]. The ex-
ception observed in one domain (0.634) did not, however, 
affect its use due to its importance within the overall frame-
work of the study. This aspect is supported by similar analy-
ses in the literature [20-22].

Among the identified limitations is the possibility that 
responses may be influenced by participants’ subjectivity 
and the complexity of the questionnaire. To avoid situations 
that could jeopardize the survey process and data collec-
tion, the developed tool will be applied in a more diversified 
setting, including respondents from rural areas, for a more 
extensive validation.

Conclusions
The developed questionnaire for assessing bottled wa-

ter consumption and public perception has proven to be a 
valid and effective tool. Content validity and internal consis-
tency were confirmed, and the face validity process ensured 
the clarity of the questions.
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Introduction. Carotenoids and chlorophylls are plant pigments that play a vital role in plant life, participating in the 
process of photosynthesis and in the synthesis of growth regulators, stress signalers and fungicide attack agents. Research 
from the last decades has shown that, widely used as nutrients, chlorophyll and carotenoid pigments have beneficial effects 
on the human body. They exert antioxidant, energizing, detoxifying, anti-inflammatory properties, and can be applied in 
the prevention and treatment of 21st century diseases (cancer, cardiovascular diseases, low immunity), which are related 
to numerous causal factors (excessive chemicalization of the food industry, progressive climate change and environmental 
pollution), which reflects on the quality of human health.

Material and methods. We aimed to determine the content of carotenoid and chlorophyll pigments in different plant 
organs (stems, leaves, flowers and aerial parts), collected during the flowering period from 2 species, G. verum and G. 
aparine from the spontaneous flora of the Republic of Moldova. Determination was carried out by spectrophotometric 
method with the Metertech UV/VIS SP 8001 spectrophotometer, used as an extractant ethyl alcohol at 60% and 95% 
concentration. The data were reported as mean values ± standard deviation (SD).

Results. Experimental data obtained on the comparative application of 2 concentrations of ethyl alcohol (60 and 95%) for the 
extraction of carotenoid and chlorophyll pigments show that 95% ethyl alcohol is the most efficient for all analyzed samples. 
The determination of carotenoid pigments in different organs of G. verum and G. aparine species indicates that the maximum 
carotenoid content is extracted from the aerial parts of G. verum sp. (52.66 mg/%) than those of G. aparine (27.38 mg/%); 
compared to the content of chlorophyll pigments, which is quantitatively predominant in G. aparine sp. (chlorophyll a – 2.85 
and chlorophyll b – 4.33 mg/l) compared to G. verum sp. (chlorophyll a – 1.2 and chlorophyll b – 1.9 mg/l). 

Conclusions. The results of spectrophotometric determination of carotenoids, chlorophylls a and b in different organs of 
G. verum and G. aparine sp. denote that the highest content of pigments is extracted with 95% ethyl alcohol in aerial parts 
in both species of the spontaneous flora of the Republic of Moldova.
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K e y  m e s s a g e s

What is not yet known on the issue addressed in the submit-
ted manuscript.
Determination of chlorophylls and carotenoids concentration in 
different organs of 2 species of the genus Galium (G. verum and G. 
aparine) collected from the spontaneous flora of the Republic of 
Moldova.  
The research hypothesis
The species Galium verum and Galium aparine could serve as 
sources of chlorophylls and carotenoids.
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Introduction
The use of medicinal plants has a long history, dating 

back to ancient times, with its practice widespread in dif-
ferent regions around the world. Both the past and the pres-
ent are marked by the fundamental importance of the use 
of plants in ethnomedicine [1]. Medicinal plants are used 
to treat a wide range of disorders, diseases and illnesses: 
dermal, cardiovascular, endocrine, gastrointestinal, geni-
to-urinary, respiratory, musculoskeletal, hepatic, including 
cancer [2]. The therapeutic effects of medicinal plants are 
often attributed to secondary metabolites, but it should be 
noted that carotenoid and chlorophyll pigments also play a 
significant role in the prophylaxis and treatment of various 
diseases [1].

Carotenoids and chlorophylls are the most common pig-
ments in nature, providing a wide range of colors (yellow, 
orange, red, purple, green) to plants. Carotenoids are tetra-
terpene pigments, predominantly composed of 8 isoprene 
units with a backbone of 40 carbon atoms. Carotenoids are 
divided into 2 groups: carotenes and xanthophylls. Caro-
tenes, such as α, β-carotene, ψ-carotene (γ-carotene) and 
lycopene, are represented by hydrocarbons. About 50 types 
of carotenes are present in nature [3]. On the other hand, 
xanthophylls, such as β-cryptoxanthin, lutein, zeaxanthin, 
astaxanthin, fucoxanthin and peridinin, are carotenoids, 
which contain oxygen atoms in the form of hydroxy, carbon-
yl, aldehyde, carboxyl, epoxide and furanoxide groups in its 
molecules, which also confer pronounced antioxidant prop-
erties [4]. As of 2018, more than 800 types of xanthophylls 
have been reported in nature, some of which are present as 
fatty acid esters, glycosides, sulfates and protein complexes 
[3, 4]. 

Chlorophylls have a porphyrin ring at their base, to which 
a long carbon chain (phytol) is attached, and a magnesium 
ion in the center. The purpose of the porphyrin ring is to 
capture solar energy and the magnesium ion acts as an elec-
tron acceptor. There are several types of chlorophyll, such 
as chlorophyll a, b, c, d and chlorophyll e [1], with different 
colour shades, such as for chlorophyll a – bluish green, and 
chlorophyll b – yellowish green.

In the plant body, carotenoids and chlorophylls are 
essential compounds in providing two major physiolog-
ical processes such as photosynthesis (being part of the 
light-harvesting complex) and protection against photo-ox-
idative damage in cells [4, 5].

Carotenoids and chlorophylls capture light energy in the 
blue-red spectral range (400-650 nm) and excite electrons 
in pigment molecules. After absorbing light energy, the ex-
cited electrons in chlorophyll are used to carry out the two 
phases of photosynthesis: light and dark. The first phase of 
photosynthesis is also known as light-dependent reactions, 

The novelty added by manuscript to the already published scientific literature
Medicinal plant species with a high content of chlorophyll and carotenoid pigments can be used in the pharmaceutical industry 
for their antioxidant, energizing, detoxifying properties.

which take place in the thylakoid membrane of chloroplasts 
and is responsible for the production of ATP and NADPH. 
The second phase of photosynthesis is known as light-inde-
pendent reactions, also called the Calvin cycle, which takes 
place in the stroma of chloroplasts. In this phase, ATP and 
NADPH produced in the light-dependent reactions are used 
to achieve the production of glucose and oxygen [1].

An important function of carotenoids is the absorption 
of excess energy from chlorophylls by triplet-triplet trans-
fer and the release of excess energy by polyene vibration. 
Triplet-triplet transfer is an essential higher energy state in 
photoprotection. Reactive types of oxygen, such as singlet 
oxygen, hydroxyl radicals and superoxide anion radicals, 
are produced by oxygen and light during photosynthesis. 
Carotenoids with more than 11 conjugated double bonds 
show a marked ability to quench singlet oxygen [6].

Another major function of carotenoids is the synthe-
sis of hormones (growth regulators), which are formed by 
their oxidative cleavage to form apocarotenoids. Apocarot-
enoids perform such vital functions as growth regulators, 
stress factor signalers and fungal attack agents. One of the 
best known phytohormones is abscisic acid, which reg-
ulates plant growth, seed dormancy, embryo maturation 
and germination, cell division and elongation, stomatal cell 
movement, floral growth and responses to biotic and abiotic 
stresses [3, 5]. Carotenoids are also present in non-photo-
synthesizing plant organs such as roots, flowers, fruit peri-
carp and seeds, acting as photoprotectants, antioxidants, 
color attractants and plant hormone precursors [7].

Approximately 50 types of carotenoids are found in the 
typical human diet, of which about 20 can be detected in 
blood (plasma or serum) following ingestion [8]. Carot-
enoids can be found in several human organs such as liv-
er, adrenal glands, ovaries, skin, lungs, testes, prostate and 
blood serum. The distribution of carotenoids in human or-
gans shows specificity. Lutein and zeaxanthin are found on 
the surface of skin and subcutaneous tissue in an esterified 
form and act as UV absorbers and singlet oxygen quenchers 
[9]. Xanthophylls, such as β-cryptoxanthin, lutein and zea-
xanthin, are found in the brain [10]. In the eye, lutein and 
zeaxanthin are present as macular pigments [7]. Lycopene 
accumulates in the prostate [6].

The first report on the efficacy of dietary β-carotene in 
reducing human cancer rates [6] was followed by multi-
ple preclinical and clinical studies demonstrating the role 
of intake of carotenoid-containing leafy green vegetables 
and fruits in reducing cancer risk. For example, the fruit of 
mandarin Citrus unshiu, cultivar ‘Satuma’ is characterized 
with high content of β-cryptoxanthin, and may be associat-
ed with reduced cancer risk. Consumption of lycopene has 
shown to improve health outcomes in prostate cancer pa-
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tients. In addition, clinical studies have shown, that admin-
istration of natural carotenoid complex (mixture of α and 
β-carotene, lutein and lycopene) and α-tocopherol signifi-
cantly suppresses hepatoma development in patients with 
hepatitis virus-induced cirrhosis. Carotenoids have also 
been reported to contribute to the prevention of cardiovas-
cular disease, diabetes, obesity and several lifestyle-related 
diseases. In addition, carotenoids improve resistance, boost 
immunity and especially skin quality [4].

The bioactivity of chlorophylls is attributed to their abil-
ity to act as antioxidants, antimutagens and anticarcino-
gens. The unique chemical structure allows chlorophylls to 
scavenge harmful free radicals, mitigate DNA damage and 
modulate cellular processes involved in the development of 
disease. In addition, their hydrophobic side chains facilitate 
interactions with biological membranes, influencing cellu-
lar uptake and signalling pathways [1].

Species of the g. Galium, with a long history as medicinal 
plants in traditional medicine, have attracted the attention 
of researchers, who have scientifically demonstrated that 
their carotenoids and chlorophylls content provides biologi-
cally active substances with antioxidant, antiradiant and en-
ergizing properties [11-13]. Given these findings, our study 
aims to determine the content of carotenoid and chlorophyll 
pigments in different organs of G. verum and G. aparine from 
the wild flora of the Republic of Moldova.  

Material and methods
Plant material. Different vegetal products (stems, 

leaves, flowers and aerial parts), collected during the flow-
ering period from 2 species of G. verum and G. aparine from 
the spontaneous flora of the Republic of Moldova, were used 
for the study of pigments. The species were collected from 
the North of the Republic of Moldova: G. verum were col-
lected from Brinzeni village, Edinet district (48°5′0″ North 
27°10′28″ East), and G. aparine – from Taul village, Don-
duseni district (48°12′57″ North 27°40′22″ East). The col-
lected material was dried and conditioned according to the 
technical normative requirements [14].

Preparation of plant extracts. The dried plant product 
was shredded using a grinder and the powder was sieved 
through a 0.5 mm pore sieve. Extracts were obtained by 
repeated extraction of the pulverized plant products with 
a mixture of ethanol:water at two concentrations (60 and 
95%, w/w) for half an hour at each extraction step until the 
plant products were exhausted.  Extraction was performed 
with a water bath coupled with a condenser. Extractive solu-
tions obtained were concentrated at 40°C using a rotary 
evaporator – Laborota 4011.

Chemical and reagents. Ethyl alcohol was used as the 
solvent to extract the carotenoids and chlorophylls at two 
concentrations: 60 and 95%.  

Sphectrophotometric assay. The optical density of the 
extracts obtained was measured by Metertech UV/VIS SP 
8001 spectrophotometer at different wavelengths. 

For the determination of carotenoids, the optical density 
of the extract was determined at 448 nm, after which the 
absorbance was substituted in formula number 1 [15]. 

Formula for the determination of carotenoids: 

(1)

where: A – absorbance; m – raw material weight; w 
– yield of plant product on drying (G. verum – 10.15; G. 
aparine – 11.12).

Chlorophyll optical density was determined at 664 nm 
for chlorophyll a, and at 649 nm for chlorophyll b. To deter-
mine the chlorophyll content, absorbance was substituted 
in formulas 2 and 3 for chlorophyll a and b, respectively.

Chl a = 13.36×A664−5.19×A649 (2),
Chl b = 27.43×A649−8.12×A664 (3).

Statistical analysis. All determinations were made in 
triplicate, and the results are reported as mean values ± 
standard deviation (SD) using Microsoft Excel 2021.

Results
The carotenoid contents of the analyzed alcohol extracts, 

calculated using formula 1, are presented numerically in Ta-
ble 1 and diagrammatically in Figures 1 and 2.

Table 1. Carotenoid content (±SD) in different organs of G. verum and G. aparine species

Species, organ/
Analyzed extract

Carotenoid content (mg/%)
Organs of G. verum Organs of G. aparine

stems leaves flowers aerial parts stems leaves flowers aerial parts

Alcoholic extract (60%) 13.39 ± 0.07 20.03 ± 0.11 20.81 ± 0.1 38.03 ± 0.13 6.23 ± 0.09 15.91 ± 0.06 18.36 ± 0.07 20.92 ± 0.09
Alcoholic extract (95%) 23.85 ± 0.08 33.98 ± 0.11 35.1 ± 0.07 52.66 ± 0.09 7.23 ± 0.07 20.03 ± 0.06 24.26 ± 0.04 27.38 ± 0.11

Analysis of the obtained data (Table 1 and Fig. 1, 2) 
shows that 95% ethyl alcohol facilitates better extraction 
than 60% ethyl alcohol for all organs in both species of ge-
nus Galium. When comparing the results, we established 
that in extracts of organs of G. verum species, the content of 
carotenoids is obviously higher than in G. aparine (stems – 
23.85 and 7.23; leaves – 33.98 and 20.03; flowers – 35.1 and 
24.26; aerial parts – 52. 66 and 27.38). 

The data in Table 1, Figure 1 and 2 indicate that the ca-
rotenoid content (mg/%) with 95% alcohol ranges from 
23.85 for stems to 52.66 in aerial parts for G. verum and 
from 7.23 to 27.38 for G. aparine, respectively. Note that 
carotenoid content correlates with plant organ in the same 
consecutiveness for both species (decreasing): the highest 
values are for aerial parts, followed by flowers, leaves and 
the lowest are recorded for stems.
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Table 2. Content (±SD) of chlorophyll a and b pigments in the organs of G. verum and G. aparine species

Species
Chlorophyll content (mg/l)

Alcoholic extract 60% Alcoholic extract 95%
G. verum stems leaves flowers aerial parts stems leaves flowers aerial parts
Chl a 0.13 ± 0.09 0.23 ± 0.13 0.26 ± 0.18 0.33 ± 0.1 0.22 ± 0.12 1.09 ± 0.15 0.5 ± 0.05 1.2  ± 0.08
Chl b 0.26 ± 0.16 0.51 ± 0.15 0.65 ± 0.12 0.67 ± 0.08 0.23 ± 0.18 1.64 ± 0.16 0.74 ± 0.07 1.9 ± 0.05

Alcoholic extract 60% Alcoholic extract 95%
G. aparine stems leaves flowers aerial parts stems leaves flowers aerial parts
Chl a 0.34 ± 0.02 0.41 ± 0.03 0.66 ± 0.016 1.1 ± 0.05 1.07 ± 0.04 2.28 ± 0.08 1.85 ± 0.11 2.85 ± 0.19
Chl b 0.48 ± 0.1 0.58 ± 0.18 0.89 ± 0.02 1.57 ± 0.13 1.46 ± 0.22 2.3 ± 0.19 1.87 ± 0.05 4.33 ± 0.14
Note: Chl a – Chlorophyll a, Chl b – Chlorophyll b; SD – standard deviation

Fig. 1 Carotenoid content extracted with 60% and 95% ethyl 
alcohol from different organs of G. verum species

Fig. 2 Carotenoid content extracted with 60% and 95% ethyl 
alcohol from different organs of G. aparine species

The contents of chlorophylls a and b from the alcoholic 
extracts from vegetal products of G. verum and G. aparine, 

calculated according to formulas 2 and 3, expressed in mg/l, 
are given in Table 2.

The analysis of the chlorophyll content in the organs of 
Galium species shows a higher content (mg/l) of chloro-
phyll a and b in the aerial parts of G. aparine compared to G. 
verum in the 95% alcoholic extract (respectively chlorophyll 
a: aerial parts – 2.85 and 1.2; leaves – 2.28 and 1.09; flow-
ers – 1.85 and 0.5; stems – 1.07 and 0.22 and chlorophyll b: 
aerial parts – 4.33 and 1.9; leaves – 2.3 and 1.64; flowers – 
1.87 and 0.74 and stems – 1.46 and 0.23).

Discussion
This is the first study that analyzes and compares the 

content of chlorophyll and carotenoid pigments in the or-
gans (stems, leaves, flowers and aerial parts) of 2 species 
of the genus Galium (G. verum and G. aparine) from the wild 
flora of the Republic of Moldova.

Previous studies [15] came to the same conclusion, 
that 95% ethyl alcohol facilitates better extraction of chlo-
rophyll and carotenoid pigments compared to 60% ethyl 
alcohol. 

Comparing the obtained results, we establish that in 
the alcoholic extracts from different organs of G. verum, the 
carotenoid content is obviously higher than in G. aparine 
with quantitative prevalence in aerial parts (aerial parts – 
52.66 and 27.38; flowers – 35.1 and 24.26; leaves – 33.98 
and 20.03; stems – 23.85 and 7.23). The comparative study 
of 6 species of genus Galium [12] similarly indicates higher 

carotenoid content in aerial parts of G. verum compared to 
G. aparine and 4 other studied species.

Carotenoids have a biologically determined role in en-
ergy transmission and singlet oxygen quenching chain, pre-
cursors of growth regulators [3, 4]. Additionally, numerous 
studies from different laboratories has been demonstrated 
the contribution of carotenoids in determining of antioxi-
dant potential [7]. Recent studies identified the antimicro-
bial and antifungal activity of carotenoid-containing lipid 
complex in Galium species: G. aparine – the highest against 
strains of Staphylococcus aureus, Pseudomonas aeruginosa, 
Bacillus subtilis and the lowest against Escherichia coli. G. 
verum exhibited strong sensitivity against B. subtililis and 
moderate activity against Proteus vulgaris [12]. The anti-
fungal action denotes that the extract with carotenoids and 
chlorophylls from G. aparine has the highest sensitivity to 
Candida albicans, while G. verum was characterized with no 
significant antifungal effect.

Based on a comparison of the obtained results, we es-
tablish that the alcoholic extracts from the organs of G. 
aparine species are richer in chlorophylls a and b than 
those of G. verum, and the amount of chlorophyll b is high-
er than chlorophyll a, which has been mentioned in other 
studies [11]. 

Chlorophyll a is the primary bluish green pigment re-
quired for photosynthesis (it absorbs light with wavelength 
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430-662 nm from the orange-red and blue-violet regions of 
the electromagnetic spectrum, thus transferring energy to 
the reaction center and donating 2 excited electrons to the 
electron transport chain), and chlorophyll b – a yellowish 
green, accessory pigment, which is not always present in 
photosynthesizing organisms, but absorbs blue light (with 
peak absorption at around 453 nm) [1] and thus contrib-
utes to broadening the absorption spectrum of organisms. 
In this way, organisms can absorb more energy from the 
high-frequency blue light part of the spectrum [16]. The 
presence of chlorophyll b in cells demonstrates the adapta-
tion of organisms to light-deficient conditions, helping them 
to convert a wider range of solar energy into the chemical 
one [17]. Thus, the higher values of chlorophyll b relative to 
a in all extracts analyzed in Galium sp., denote their high po-
tential adaptability to light conditions to ensure an efficient 
photosynthetic process.

Besides the biological role of chlorophylls in the process 
of photosynthesis and the starting link for the biosynthe-
sis of different chemical compounds [17], the therapeutic 
role of chlorophylls has been demonstrated through var-
ious studies, based on their ability to act as antioxidants, 
antimutagens and anticarcinogens, due to their unique 
chemical structure, which allows chlorophylls to scavenge 
harmful free radicals, attenuate DNA damage and modulate 
cellular processes involved in the development of diseases 
[1]. The antioxidant properties of G. verum were studied, on 
aerial parts extract, by 3 methods (DPPH, determination of 
OH radical scavenging activity and determination of hydro-
gen peroxide scavenging activity), the result of which shows 
that the extract with higher chlorophyll content has higher 
antioxidant capacity [11].  

The chlorophyll a and b complex of G. aparine is charac-
terized with half microbial inhibitory and bactericidal prop-
erties against E. coli strain, compared to Chlorophyllipt (the 
drug is a mixture of chlorophylls derived from eucalyptus 
leaves, which has bacteriostatic and bactericidal action, es-
pecially against staphylococci, including antibiotic-resistant 
strains, and has anti-inflammatory properties) but with low 
antifungal activity against C. albicans compared to Chloro-
phyllipt [12]. 

Conclusions
(1)	 Spectrophotometric determination of carotenoids 

(mg/%) in different vegetal products of G. verum and G. 
aparine species shows that the highest content of carot-
enoids is extracted with 95% ethyl alcohol in G. verum: 
aerial parts (52.66), flowers (35.1), leaves (33.98), stems 
(23.85), followed by carotenoids of G. aparine.

(2)	 Comparative analysis of chlorophyll a and b con-
tent (mg/l) in organs of the species presents their maxi-
mum concentration in aerial parts of both species (G. verum 
– chlorophyll a – 1.9 and chlorophyll b – 1.2 and G. aparine 
– 4.33 and 2.85, respectively) than in flowers, leaves and 
stems. In all analyzed extracts the content of chlorophyll b 
prevails numerically over chlorophyll a.
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Introduction. Despite worldwide decreasing trends in the incidence of gastric cancer, the disease remains a significant 
global health burden, one of the leading causes of cancer death worldwide, and its prevention is a priority for the health 
system. Intestinal-type gastric carcinoma originates in dysplastic epithelium, which, in turn, develops in the environment 
of chronic atrophic gastritis and gastric intestinal metaplasia.

Material and methods. Narrative literature review. A bibliographic search was conducted in the databases PubMed, 
Hinari, SpringerLink, National Center for Biotechnology Information, and Medline. Articles published between 2000-2024 
were selected based on the following keywords: “gastric intestinal metaplasia” and “gastric epithelial dysplasia”, used in 
different combinations with the terms “epidemiology”, “clinical picture”, “risk factors”, “classification”, “diagnosis”, and 
“management” to maximize the search yield. After processing the information from the databases according to the search 
criteria, 215 full articles were found. The final bibliography contains 34 relevant sources, considered representative of the 
materials published on the subject of this summary article.

Results. Gastric intestinal metaplasia represents the replacement of the gastric epithelium with two types of intestinal-
type epithelium (enteric or colonic) as an adaptive response to chronic injury, while gastric epithelial dysplasia is defined 
as unequivocal neoplastic change of the gastric epithelium (intraepithelial neoplasia) without evidence of stromal invasion. 
Gastric intestinal metaplasia and gastric epithelial dysplasia are preneoplastic lesions of gastric cancer. The estimated 
annual risk of gastric adenocarcinoma in patients with gastric intestinal metaplasia is 0.13-0.25%, and in patients with 
gastric epithelial dysplasia it is 1.36%, depending on the extent and type of the lesion.

Conclusions. Despite the lack of a specific treatment for gastric intestinal metaplasia, the management strategy, according 
to current clinical guidelines, includes eradication of Helicobacter pylori infection, screening for early detection of gastric 
cancer, and control of other risk factors. Appropriate management of high-grade gastric epithelial dysplasia requires 
endoscopic resection due to its potential for progression to carcinoma and the possibility of coexisting carcinoma. For 
low-grade gastric epithelial dysplasia, which has a lower risk of malignant transformation, scientists recommend annual 
endoscopic surveillance with biopsy and histological examination.

Keywords: gastric intestinal metaplasia, gastric epithelial dysplasia, risk factors, serological examination, endoscopic 
examination, morphological examination, Helicobacter pylori.
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K e y  m e s s a g e s

What is not yet known on the issue addressed in the submit-
ted manuscript
An appealing approach to reducing the incidence of gastric ade-
nocarcinoma is to identify high-risk individuals who may benefit 
from screening, prophylactic, and therapeutic measures to prevent 
the onset of gastric cancer.
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The research hypothesis
The analysis and synthesis of contemporary literature will enable 
a comprehensive characterization of patients with gastric intesti-
nal metaplasia and gastric epithelial dysplasia to establish gastric 
cancer prevention strategies.
The novelty added by the manuscript to the already pub-
lished scientific literature 
The article summarizes the latest international publications on 
the epidemiology, clinical picture, risk factors, classification, diag-
nosis, and management of patients with gastric intestinal meta-
plasia and gastric epithelial dysplasia.

Introduction
Despite worldwide decreasing trends in the incidence 

of gastric cancer (GC), the disease remains a significant 
global health burden, one of the leading causes of cancer 
death worldwide, and its prevention is a priority for the 
health system [1].

The sequence leading to GC – the Correa cascade – can be 
schematically reduced to Helicobacter pylori infection (HP) 
– non-atrophic gastritis – chronic atrophic gastritis (CAG) – 
gastric intestinal metaplasia (GIM) – gastric dysplasia (GD) 
– neoplasia. Intestinal-type gastric carcinoma originates in 
dysplastic epithelium, which, in turn, develops in the envi-
ronment of CAG and GIM. Prevention of HP infection and 
timely eradication (until the development of extensive atro-
phic changes) is the most effective strategy for preventing 
the development of precancerous gastric lesions (PGL) and 
the primary prophylaxis of GC. An attractive proposal to re-
duce the incidence of gastric adenocarcinoma is to identify 
high-risk individuals who may benefit from screening, pro-
phylactic, and therapeutic measures to prevent the onset 
of malignancy. For this reason, the diagnosis and effective 
management of CAG and GIM are very important research 
topics for the prevention of GC [1-5].

Among PGL, GIM is a recognized precancerous lesion, 
defined as the replacement of gastric epithelium with in-
testinal-type epithelium. The reported prevalence of GIM in 
international databases of gastric biopsies varies widely – 
from 3.4% to 29.6% [6].

GIM is commonly diagnosed, but only a small proportion 
of these patients will eventually develop GC. Current clinical 
guidelines recommend screening for active HP infection in 
all patients with GIM. Eradication of HP infection reverses 
early histological changes in CAG patients and may slow the 
progression of GIM to GC [2].

In this context, the article aims to develop a narrative 
synthesis of contemporary studies to review current con-
cepts regarding epidemiology, clinical picture, risk factors, 
classification, diagnosis, and management of patients with 
gastric intestinal metaplasia and gastric epithelial dysplasia 
to establish strategies for the prevention of gastric cancer.

Material and methods 
To achieve the stated objective, an initial search of 

specialized scientific publications was conducted, identi-

fied through the Google Search engine and the databases 
PubMed, Hinari (Health Internet Work Access to Research 
Initiative), SpringerLink, National Center for Biotechnology 
Information, and Medline. The article selection criteria in-
cluded contemporary data on the epidemiology, clinical pic-
ture, risk factors, classification, diagnosis, and management 
of patients with GIM and GD, using the following keywords: 
“gastric intestinal metaplasia” and “gastric epithelial dys-
plasia”, combined in various ways with the terms “epidemi-
ology”, “clinical picture”, “risk factors”, “classification”, “diag-
nosis”, and “management” to maximize the search yield.

For the advanced selection of bibliographic sources, the 
following filters were applied: full text articles, articles in 
English, and articles published between 1990-2024. After 
a preliminary review of the titles, original articles, editori-
als, narrative synthesis articles, systematic reviews and me-
ta-analyses were selected, containing relevant information 
and contemporary concepts regarding the epidemiology, 
clinical picture, risk factors (RF), classification, diagnosis, 
and management of patients with GIM and GD. Additional-
ly, a search of the bibliographic reference lists of the identi-
fied sources was conducted to highlight additional relevant 
publications that were not found during the initial database 
search.

The information from the publications included in the 
bibliography was collected, classified, evaluated, and syn-
thesized, highlighting the main aspects of the contemporary 
view on the epidemiology, clinical picture, RF, classification, 
diagnosis, and management of patients with GIM and GD.

To minimize the risk of systematic errors (bias) in the 
study, thorough searches were conducted in the databases 
to identify the maximum number of publications relevant to 
the study’s purpose. Only studies that met the validity crite-
ria were evaluated, and safe exclusion criteria were applied 
to the articles included in the study.

If necessary, additional sources of information were con-
sulted to specify certain notions. Duplicate publications, ar-
ticles that did not correspond to the purpose of the work, 
and those not accessible for full viewing were excluded 
from the list of publications generated by the search engine.

After processing the information identified by the Goo-
gle Search engine and from the databases PubMed, Hinari, 
SpringerLink, National Center for Biotechnology Informa-
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tion, and Medline according to the search criteria, 215 ar-
ticles were found that address the topic of epidemiology, 
clinical picture, risk factors, classification, diagnosis, and 
management of patients with GIM and GD. After the prima-
ry analysis of the titles, 42 articles were considered possibly 
relevant for the given synthesis. Following repeated reviews 
of these sources, 34 publications relevant to the intended 
purpose were finally selected. 

Results and discussions
The publications, the content of which did not reflect the 

topic addressed, although they were selected by the search 
program, as well as the articles that were not accessible for 
free viewing either through the HINARI database or in the 
medical scientific library of the Nicolae Testemițanu State 
University of Medicine and Pharmacy, were subsequently 
excluded from the list.

Gastric intestinal metaplasia
GIM is defined as the replacement of gastric epithelium 

with two types of intestinal-type epithelium as an adaptive 
response to chronic injury, such as chronic inflammation 
due to HP infection [4, 5, 7-11].

Studies on the incidence of GIM are rare in the asymp-
tomatic general population, as the diagnosis of GIM requires 
upper digestive endoscopy with biopsy and histological ex-
amination [3].

The prevalence of GIM is heterogeneous across different 
regions of the world, correlating with the endemicity of HP 
infection among other environmental factors and with the 
global incidence of GC. It increases significantly with age in 
both men and women [3, 8].

In previous studies, the prevalence of GIM generally 
ranged from 3.4% to 23.9% in patients undergoing upper 
digestive endoscopy with gastric biopsies and from 12% to 
50% in high-risk patient groups [6, 10, 12-14]. The preva-
lence of GIM in large international databases of gastric biop-
sies also varied widely – from 3.4% to 29.6% [6]. According 
to the analysis of other studies, the prevalence of GIM varies 
from 7.1% to 42.5%, depending on the country and diag-
nostic methods [3].

More recent studies found GIM to be present in 25.3% 
of patients endoscopically evaluated for dyspepsia [15], in 
2.5% of patients undergoing any upper digestive endosco-
py, and in 4.8% of patients with gastric biopsies regardless 
of indication [6, 16-18]. The prevalence of GIM in HP-infect-
ed patients was 33.9% compared to 15.2% among HP-neg-
ative patients [15].

According to the results of a recent study published in 
2020, among 223 patients with GIM, 194 (87%) had com-
plete-type GIM, and 29 (13%) had incomplete-type GIM [5].

Risk factors. Male sex, age >50 years, and current HP in-
fection are significant predictors of the presence of GIM [5, 
8, 10].

Gene expression patterns found in different studies have 
provided new comparative information on CAG and GIM, 
which may play an important role in the development of 
GC [8]. An increased risk of GIM was found in subjects with 
the IL-8-251AT genotype (OR = 2.27; 95% CI: 1.25-4.14), in 

carriers of IL-8-251A alleles (OR = 2.07; 95% CI: 1.16-3.69) 
[19], and in subjects with the MIF-173GC genotype [20].

Several RFs have been associated with the develop-
ment of GIM and GC, including HP infection and associat-
ed genomics, host genetic factors, environmental factors, 
rheumatological disorders, diet, and gut microbiota [3, 12]. 
However, for CAG, the most important RF is the virulence 
factor HP, while for GIM, environmental and host factors 
play a more significant role [3].

Intestinal metaplasia – pre-neoplastic step. GIM is a 
pre-malignant condition of the gastric mucosa, a precursor 
of GD, and an essential predisposing factor in the develop-
ment of GC, associated with a more than 10-fold increase in 
the risk of GC [2, 5, 8, 16, 21-23].

The initial risk of GC among patients with GIM may be 
significantly higher depending on the anatomical extent, 
stage, severity, and histological subtype of metaplasia, as 
well as the presence of CAG and HP infection [10, 23]. The 
incomplete subtype of GIM is often detected around regions 
of GD or early gastric carcinoma and has an 8-fold higher 
risk of developing GC compared to the complete subtype 
[14, 22].

According to the results of a recent study, GIM was a 
significant RF for early GC (RR = 5.36; 95% CI: 1.51-19.0; 
p<0.01). Patients with OLGIM (Operative Link on Gastric 
Intestinal Metaplasia Assessment) in stages III-IV had the 
highest risk (RR = 20.7; 95% CI: 5.04-85.6; p<0.01) [23].

The cumulative rate of progression of GIM to GD at 3 and 
5 years was 15% [16, 17, 18]. The estimated annual risk of 
GC in patients with GIM is 0.13–0.25% and depends on the 
extent and type of metaplasia [2, 4, 15, 24, 25]. The cumu-
lative incidence rates of GC at 3, 5, and 10 years among pa-
tients with GIM were estimated to be 0.4%, 1.1%, and 1.6%, 
respectively [16-18, 26]. Incomplete GIM is an important FR 
for GC development [27]. Patients with incomplete GIM had 
a 3.33-fold higher risk of GC incidence compared to those 
with complete GIM [11].

According to the results of Japanese studies, the 5-year 
total cumulative incidence of GC is 1.9-10% in CAG patients 
and 5.3-9.8% in GIM patients [28].

GIM is considered an important stage along the continu-
um to GC and has an average latency period of approximate-
ly 6 years before progression to cancer, providing a window 
of opportunity for intervention. However, only a small pro-
portion (0.25–2.5%) of patients with GIM ultimately prog-
ress to cancer [9].

In the process of carcinogenesis, GIM is considered an 
“irreversible point” that significantly increases the risk 
of GC. Therefore, elucidating the underlying mechanisms 
of GIM is of significant importance for the prevention and 
treatment of gastric mucosal carcinogenesis associated 
with HP infection [29]. Even in established GIM, HP eradi-
cation slows progression along the Correa cascade to GC [1, 
9, 30].

Information on the RFs for the neoplastic progression of 
GIM is limited. Little is known about the molecular and ge-
netic events that trigger GIM progression to adenocarcino-
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ma. Smoking and a positive family history of GC in first-de-
gree and/or second-degree relatives were associated with 
an increased but not statistically significant risk of GIM pro-
gression [31]. In addition to HP status, the two clinical fac-
tors that increase the risk of GIM progression to malignancy 
are age >50 years (RR = 8.8; 95% CI: 1.2-68.5) and a family 
history of gastric cancer in a first-degree relative (RR = 4.5; 
95% CI: 1.3-15.5) [9].

The risk of GC is 4-11 times higher in patients with in-
complete GIM compared to those with complete GIM [12]. 
Recent studies found no difference in progression to GC be-
tween extensive and limited GIM [13].

OLGIM is a validated GC risk assessment system that 
incorporates both the severity and topographical distribu-
tion of GIM. Patients with stage III or IV OLGIM have a sig-
nificantly higher risk (20.8 times) of early gastric neoplasia 
compared to patients without GIM [10].

Classification. GIM is a highly heterogeneous lesion with 
multiple classification systems. One of the most common-
ly used classifications recognizes two types: complete (or 
enteric) GIM and incomplete (or colonic) GIM. Another 
classification (Jass and Filipe, 1981) currently in use recog-
nizes 3 types of GIM: the complete “low risk” subtype (type 
I or small intestinal – characterized by the presence of mu-
cin-producing goblet cells, Paneth cells, and columnar cells) 
and the incomplete “high-risk’’ subtypes: type II (enteroco-
lic, with mucin-producing goblet cells but lacking columnar 
and/or Paneth cells) and type III (colonic, with goblet cells 
containing irregular mucin vacuoles, and the absence of 
columnar and/or Paneth cells). However, the associations 
between the histological subtypes of GIM and the risk of GC 
are not universally accepted [2, 4, 11, 14, 15, 30].

Limited GIM was defined as involvement of only the dis-
tal stomach (antrum, pre-pylorus, or pylorus), while exten-
sive GIM was defined as involvement of both the proximal 
and distal stomach or only the proximal stomach (body or 
fundus) [13].

In the specialized literature, a model of GIM known as 
SPEM (Spasmolytic polypeptide-expressing metaplasia) 
or pseudo-pyloric metaplasia, has been described. It rep-
resents the metaplastic replacement of oxyntic glands by 
mucin and is considered an alternative pathway to gastric 
neoplasia. This type of GIM represents a physiological heal-
ing response to acute injuries, but in cases of persistent in-
jury and chronic inflammation, these reparative metaplastic 
lineages can evolve into pre-neoplastic (proliferative and 
self-renewing metaplastic and dysplastic) lesions, predis-
posing to GC development. Unlike intestinal metaplasia, 
SPEM develops in the gastric body and fornix and is strongly 
associated with HP infection and early GC [21, 24, 29, 30].

Diagnosis Three methods can be used to establish the di-
agnosis and extent of GIM: endoscopic evaluation, histolog-
ical evaluation of biopsy specimens, and serological testing 
[30].

GIM can be diagnosed incidentally in patients with 
non-ulcer dyspepsia undergoing upper digestive endoscopy 
with random biopsies of normal-appearing gastric mucosa 

or targeted biopsies of subtle gastric mucosal abnormalities 
[6, 14].

Gross endoscopic features of GIM include dark-gray 
spots surrounded by pale or normal-colored gastric mu-
cosa or irregular erythematous spots. Other endoscopic 
markers of GIM on narrow-band magnification endoscopy 
include the light blue crest (LBC), defined as a fine, light 
blue line on the crests of the villous and elongated epitheli-
al foveolae, and opaque white matter (WOS - White Opaque 
Substance, lipid droplets). The latter has a distinctive ap-
pearance, which contributes to the endoscopic diagnosis 
of GIM with high specificity (100%) but limited sensitivity 
(50%) [4, 15, 25].

Several studies have suggested that endoscopy with 
magnification and chromoendoscopy identify GIM and GD 
lesions with high accuracy. The sensitivity and specificity 
of the endoscopic diagnosis of GIM, based on histological 
examination, were 24.0% and 91.9% for the antrum and 
24.2% and 88.0% for the corpus [3].

Serum PGs have been used for the screening of CAG, GIM, 
and gastric adenocarcinoma for the past 3 decades due to 
their non-invasiveness and cost-effectiveness. In a prospec-
tive cohort study of 5,113 individuals in Japan, screening for 
GC with PG-I cutoff values <70 ng/mL and PGR < 3 showed a 
sensitivity of 84.6% and a specificity of 73.5% [3].

Management. To date, there are no unified clinical guide-
lines for the prevention of GC regarding the classification of 
high-risk groups that progress to GC. However, the preven-
tion and treatment of CAG and GIM, considered precancer-
ous lesions, could reduce the prevalence of GC [3].

Although GIM has no specific treatment, the manage-
ment strategy includes the eradication of HP infection, 
screening for early detection of GC, and control of other 
RFs. Current clinical guidelines recommend that all patients 
with GIM be screened for active HP infection, as eradication 
of this infection reverses early histological changes in CAG 
patients and may slow the progression of GIM to GC [1, 2, 
15, 16, 26, 30].

Despite the increased risk of GC among patients with 
GIM, there are no randomized controlled trials evaluating 
the benefits or harms of surveillance endoscopy in these pa-
tients. This has led to consensus-based recommendations 
for surveillance endoscopy in limited subgroups of patients 
at increased risk of developing GC [6]. Endoscopic sur-
veillance every 3 years is recommended for patients with 
OLGA/OLGIM (Operative Link on Gastritis Assessment/Op-
erative Link on Gastric Intestinal Metaplasia Assessment) 
stages III/IV [1, 4, 15, 16, 18, 30]. The purpose of GPL sur-
veillance at defined intervals is to diagnose GC at an early 
stage and facilitate endoscopic or surgical resection with 
curative intent [4, 17, 22].

The results of studies suggest that GIM has a low prob-
ability of regression after HP eradication. GIM may be the 
“point of no return” if irreversible genetic damage occurs to 
gastric stem cells [24, 26], and these patients remain at risk 
of neoplastic progression regardless of HP infection status 
[17, 26]. Although substantial evidence supports the “point 
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of no return” concept, there is also evidence of regression 
with histological improvement in a subset of patients. These 
results indicate that GIM regression may be a long-term 
process, lasting many years after HP eradication [1, 17, 26, 
30]. GIM does not always represent a “point of no return,” 
as it can regress in some cases over an extended period (on 
average, 90 months), thus providing a mechanism for pre-
venting intestinal-type GC through HP eradication [1, 30].

According to the results of a recent study published in 
2020, among 50 patients with GIM who successfully eradi-
cated HP, GIM disappeared in 62% of cases and persisted in 
38% after a mean follow-up of 21 months [5].

According to the results of other long-term prospective 
studies, GIM is virtually irreversible at a more advanced 
stage, unless the lesion is minimal (e.g., focal and complete). 
These findings support the concept that the earlier HP is 
eliminated, the greater the benefits [27].

It is important to recognize the role of HP infection dura-
tion, among other factors, in the subsequent risk of GC [17]. 
No significant changes in GD were found, but there was a 
tendency toward greater regression and less progression 
among consistently HP-negative patients. A longer surveil-
lance duration with an adequate sample size may help clar-
ify the effect of HP eradication on GD [32].

Eradication of HP, compared with placebo, among indi-
viduals with or without GIM in the absence of gastric neo-
plasia was associated with a 32% reduction in the relative 
risk of GC incidence. Similarly, eradication of HP, compared 
to placebo, was associated with a 33% reduction in the 
relative risk of GC mortality [16]. Overall, HP testing and 
treatment in patients with confirmed HP infection (with or 
without GIM) demonstrated a protective effect against GC 
incidence and was associated with improved GC mortality 
compared to patients receiving placebo or non-antibiotic 
therapy [4, 17].

Dysplasia of the gastric epithelium
Definition. GD is defined as unequivocal neoplastic change 

of the gastric epithelium (intraepithelial neoplasia) without 
evidence of stromal (lamina propria) invasion [7, 21, 24]. GD 
is an advanced and direct precancerous lesion characterized 
by a combination of three basic morphologic abnormalities: 
(1) epithelial atypia (variation in size, shape, and orientation 
of epithelial cells) without deep invasion, (2) loss of native 
epithelial commitment, (3) disorganized glandular architec-
ture, and (4) increased mitotic activity [7, 21].

Epidemiology. The endoscopic prevalence of GD ranges 
from 0.5% to 3.75% in Western countries and from 9% to 
20% in areas with a high incidence of gastric adenocarci-
noma [7, 15, 25, 33]. The prevalence of GD in patients with 
CAG, ulcers, or after gastrectomy ranges from 4% to 30%, 
and in patients with pernicious anemia, it can be as high as 
40% [33].

GD – pre-neoplastic state. GD represents the penulti-
mate stage of gastric carcinogenesis. Its clinical importance 
is determined by its close association with the risk of devel-
oping GC. Moderate to severe GD was associated with 40–
100% of early GC and was detected in 5–80% of advanced 

adenocarcinomas, suggesting a direct role in cancer forma-
tion [33].

The results of several prospective longitudinal studies 
suggest that severe GD is a precursor of intestinal-type GC. 
In these studies, more than 30% of patients with moderate 
dysplasia and more than 70% of patients with severe dys-
plasia developed early or invasive carcinoma within a short 
or very short period of time [14].

The estimated risk of GC in patients with GD is 1.36% 
annually and 6% at 5 years [4, 25]. Both LGD (low-grade 
dysplasia) and HGD (high-grade dysplasia) have the po-
tential to progress to carcinoma. The risk of progression to 
GC increases substantially and proportionally with the his-
tological grade, ranging from LGD (4-18%) to HGD (up to 
69%). It has been reported that approximately 15–30% of 
LGD progresses to HGD or adenocarcinoma [24].

A recent prospective study of a population of 9,740 
subjects undergoing digestive endoscopic screening and 
followed dynamically for a median of 10 years identified 
cumulative incidence rates in patients with HGD, LGD, and 
CAG/GIM as 25%, 3.05%, and 1.58%, respectively. The rate 
of progression and risk of GC increased monotonically with 
each step in the Correa cascade [34].

Classification. There are several classifications of GD. Ac-
cording to the Vienna classification, dysplasia is currently 
divided into LGD and HGD [7, 21, 24, 30, 33]. LGD is char-
acterized by minimal architectural disorder, mild to mod-
erate cytological atypia, and mitotic activity, whereas HGD 
is marked by significant cytological atypia, strong mitotic 
activity, and complex glandular architecture [24].

The international Padua classification identifies five 
main categories for dysplastic lesions: 1) negative for GD, 
2) indefinite for GD, 3) non-invasive neoplasia (divided into 
low-grade GD and high-grade GD), 4) suspicion for invasive 
carcinoma, and 5) invasive adenocarcinoma [7, 30, 33].

The term “dysplasia” is used synonymously with “in-
traepithelial neoplasia/dysplasia, non-invasive neoplasia/
dysplasia” [4, 30].

Diagnostic. Detection of GD and early GC is difficult due 
to the lack of well-defined endoscopic criteria. Commonly 
described, but not exhaustive, features include color differ-
ences (more commonly red or pale), loss of vascularity, mild 
over- or under-elevation, nodularity, thickening, and abnor-
mal convergence or flattening of the folds [15, 25].

Endoscopically, GD can present as a flat, depressed, or 
polypoid lesion, with the latter categorized as gastric (intes-
tinal) and foveolar (adenomas) [21].

In a meta-analysis published in 2004, Dinis-Ribeiro and 
coauthors combined 42 studies, including 27 population 
studies (296,553 patients) and 15 studies of selected pop-
ulations (4,385 patients), to assess the best cutoff for the 
diagnosis of dysplasia. A combination of PG-I ≤50 ng/mL 
and a PG-I/PG-II ratio ≤3.0 yilded the best results, with a 
sensitivity of 65%, a specificity of 74–85%, and a negative 
predictive value of >95% [1, 30].

Management. In general, there is no controversy regard-
ing the appropriate management of defined HGD. Such le-
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sions require endoscopic resection due to the potential for 
progression to carcinoma and the coexistence of carcinoma. 
If HGD is endoscopically indistinct, guidelines recommend 
immediate endoscopic reevaluation with extensive biopsy 
and surveillance at 6- to 12-month intervals. Given the low-
er risk of malignant transformation, some scholars recom-
mend annual endoscopic surveillance with biopsy for LGD 
[1, 30]. Endoscopic surveillance is recommended every 6 
months for high-grade GD and every 12 months for low-
grade GD [1, 15, 30].

Conclusions
Gastric intestinal metaplasia represents the replacement 

of the gastric epithelium with two types of intestinal-type 
epithelium (enteric or colonic) as an adaptive response to 
chronic injury, while gastric epithelial dysplasia is defined 
as unequivocal neoplastic change of the gastric epithelium 
(intraepithelial neoplasia) without evidence of stromal in-
vasion. Gastric intestinal metaplasia and gastric epithelial 
dysplasia are preneoplastic lesions of gastric cancer. The 
estimated annual risk of gastric adenocarcinoma in patients 
with gastric intestinal metaplasia is 0.13-0.25%, and in pa-
tients with dysplasia of the gastric epithelium, it is 1.36%, 
depending on the extent and type of the lesion. Advancing 
endoscopic technologies with high definition gastroscopes 
and improved imaging, medical training in endoscopy, risk 
stratification, and histological evaluation are essential for 
the diagnosis and management of precancerous gastric le-
sions. Despite the lack of specific treatment for gastric in-
testinal metaplasia, the management strategy according 
to current clinical guidelines includes eradication of Heli-
cobacter pylori infection, screening for early detection of 
gastric cancer, and control of other risk factors. Adequate 
management of high-grade gastric epithelial dysplasia re-
quires endoscopic resection because of the potential for 
progression to carcinoma and the coexistence of carcinoma. 
For low-grade gastric epithelial dysplasia, which has a low-
er risk of malignant transformation, scientists recommend 
annual endoscopic surveillance with biopsy and histological 
examination.
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Introduction. Currently, extensive research has shown that almost all published prediction models are poorly studied 
and have significant limitations, leading to their predictive performance often being overestimated. Additionally, there is 
still no universally accepted scoring system, primarily due to the need for adaptation to heterogeneous patient samples 
(including patient numbers, clinical profiles, and risk factors) and/or ongoing differences in the organization of healthcare 
systems across various countries.

Materials and methods. This is a narrative literature review. A bibliographic search was conducted in the PubMed, Hinari, 
SpringerLink, National Center for Biotechnology Information, and Medline databases. Articles published between 2000 
and 2024 were selected based on keyword combinations such as “artificial intelligence”, “prediction model”, “algorithm”, 
“machine learning”, and “COVID-19”. Information on machine learning predictive models was selected and processed to 
identify characteristics that can be used to predict diagnosis, severity, length of hospital stay, ICU admission, treatment, 
vaccination, and mortality in COVID-19 patients. After processing the data according to the search criteria, 125 full-text 
articles were identified. The final bibliography includes 52 relevant sources, which were considered representative of the 
literature on this synthesis article topic.

Results. Artificial intelligence techniques are increasingly being used to predict outcomes in COVID-19 patients, particularly 
in estimating mortality among individuals infected with SARS-CoV-2, which can rapidly and effectively support clinical 
decision-making. According to the analysis of multiple studies, strong predictors of mortality in COVID-19 patients include 
advanced age, male gender, comorbidities, reduced levels of calcium, albumin, red blood cells, and oxygen saturation, as 
well as lymphopenia, elevated blood urea nitrogen, creatinine, lactate dehydrogenase, D-dimers, neutrophils, interleukin-6, 
procalcitonin, bilirubin, ferritin, aspartate aminotransferase, and troponin.

Conclusions. Artificial intelligence techniques provide potential advantages over conventional assessment methods. The 
information obtained from machine learning and deep learning algorithms, including easily accessible and interpretable 
data, can assist healthcare workers in making accurate decisions for the appropriate and timely care of COVID- 19 patients. 
This can improve patient outcomes, reduce the burden on healthcare systems, and ultimately decrease mortality rates.
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Currently, many large-scale studies show that almost all prediction 
models based on artificial intelligence are not well-researched and 
have significant limitations, meaning their reported predictive 
performance is often overestimated.
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The research hypothesis
The contribution of machine learning techniques to medical prac-
tice is an emerging subject in the medical literature, with different 
opinions on their utility. Analyzing and reviewing relevant up-to-
date articles will provide a detailed overview of predictive models 
based on machine learning, which use computer algorithms to as-
sess patient health risks, manage clinical care, and predict mor-
tality in COVID-19 patients, including those admitted to Intensive 
Care Units within the local healthcare system.
The novelty added by manuscript to the already published sci-
entific literature
The article summarizes the latest international publications to 
identify a practical machine-based scoring system capable of pre-
dicting disease severity and risk of death, with the aim of reducing 
mortality rates.

Introduction
The rapid progression and worsening of severe acute re-

spiratory syndrome coronavirus 2 (SARS-CoV-2) highlight the 
need for early identification of high-risk patients, as well as the 
prompt and effective implementation of support measures to 
improve prognosis. Detecting patients at high risk of death can 
improve clinical outcomes through the rapid and individual-
ized selection of effective treatment methods, resource optimi-
zation, and higher quality of healthcare delivery [1-6].

According to study results, machine learning and deep 
learning algorithms are highly effective in predicting mor-
tality associated with coronavirus disease 2019 (COVID-19) 
[7, 8]. The indicators obtained were more effective com-
pared to conventional statistical models (regression anal-
ysis, factor analysis, discriminant analysis) and tradition-
al scoring systems (SOFA, SAPS-II, CURB-65, APACHE-II, 
APACHE-IV) [2, 3, 9-12].

Currently, extensive research shows that nearly all pub-
lished prediction models are poorly studied and have sig-
nificant limitations, leading to their predictive performance 
often being overestimated. Additionally, there is still no uni-
versally accepted scoring system, mainly due to the need for 
adaptation to heterogeneous patient samples (including pa-
tient numbers, clinical profiles, and risk factors) and/or on-
going differences in the organization of healthcare systems 
across various countries [13-16].

Artificial intelligence applications, especially machine 
learning and deep learning algorithms, have great poten-
tial to support healthcare professionals in decision-mak-
ing, predicting complications and mortality in hospitalized 
patients, including those admitted to intensive care units 
(ICUs). Medical validation of predictive models should be 
performed by clinical experts, and the most effective models 
can be implemented in different hospitals and healthcare 
institutions [14, 17-19]. 

In this context, the purpose of this article is to present 
a synthesis of the most recent data regarding the effective-
ness of machine learning algorithms and artificial intelli-
gence in predicting mortality among COVID-19 patients.

Material and methods
To achieve the study purpose, an initial search was 

conducted for specialized scientific publications identified 
through Google Search and the PubMed, Hinari (Health In-
ternet Work Access to Research Initiative), SpringerLink, 
National Center for Biotechnology Information, and Medline 
databases. The selection criteria for articles included state-
of-the-art data on machine learning-based mortality predic-
tion models using the following keywords: “artificial intelli-
gence”, “prediction model”, “algorithm”, “machine learning”, 
“deep learning”, and “COVID-19”, which were used in vari-
ous combinations to increase search efficiency.

For the advanced selection of bibliographic sources, the 
following filters were applied: full-text articles, articles in En-
glish, and articles published between 2000 and 2024. After 
a preliminary analysis of the titles, original articles, editori-
als, narrative reviews, systematic reviews, and meta-analyses 
containing relevant information and current concepts re-
garding the application of machine learning algorithms and 
artificial intelligence in the diagnosis, prediction of severity, 
and mortality risk in patients with COVID-19 were selected. 
Additionally, a search of the reference lists of the identified 
sources was conducted to identify additional relevant pub-
lications that were not found in the initial database search.

The information from the publications included in the 
bibliography was gathered, classified, evaluated, and syn-
thesized, highlighting the main aspects of the contemporary 
perspective on the effectiveness of cutting-edge machine 
learning and deep learning algorithms, used either sepa-
rately or in combination, in predicting mortality caused by 
SARS-CoV-2 infection.

To minimize the risk of systematic errors (bias) in the 
study, a thorough data search was conducted to identify the 
maximum number of relevant publications for the study’s 
objectives. Only studies meeting reliability criteria were 
evaluated, while strict exclusion criteria were employed 
to remove articles from the present study. Moreover, both 
studies showing positive results and those not emphasizing 
the benefits of predictive models were analyzed.
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If necessary, additional sources of information were con-
sulted to clarify some concepts. Duplicate publications, ar-
ticles that did not correspond to the purpose of the article, 
and those not available for full review were excluded from 
the list of publications generated by the search engine.

Results
After processing the information identified by the Goo-

gle Search engine and from databases such as PubMed, Hi-
nari, SpringerLink, the National Center for Biotechnology In-
formation, and Medline, according to the established search 
criteria, a total of 125 articles addressing the application 
of machine learning algorithms and artificial intelligence 
in the diagnosis, prediction of severity, and mortality risk 
in COVID-19 patients were found. After an initial review of 
the titles, 59 articles were considered potentially relevant to 
this synthesis. Following a thorough review of these sourc-
es, 52 publications were ultimately selected as relevant to 
the stated objective. The final bibliography of the paper in-
cluded these 52 articles, which were considered represen-
tative of the published materials on this synthesis topic.

Publications whose content did not reflect the consid-
ered topic, even though they were selected by the search 
program, as well as articles that were not accessible for free 
viewing through the HINARI database or available in the 
medical scientific library of the Nicolae Testemițanu State 
University of Medicine and Pharmacy, were subsequently 
excluded from the list.

The complexity of severe acute respiratory syndrome 
SARS-CoV-2 lies in the unpredictable clinical evolution of 
the disease, which develops rapidly, recording high mor-
bidity and mortality rates. In this context, the identification 
and use of mortality prognostic models based on machine 
learning and deep learning algorithms become mandatory 
for the purposes of risk stratification, clinical management, 
and mortality prediction of COVID-19 patients, especially 
those hospitalized in intensive care units. Therefore, iden-
tifying a feasible mortality prediction score based on arti-
ficial intelligence techniques represents not only an urgent 
need for monitoring, predicting outcomes, and prognosis of 
the disease but also a key factor in reducing mortality rates 
[20-29].

Predictive models, also known as “prognostic models”, 
“risk scores”, or “prediction rules”, are developed to assist 
healthcare providers in estimating the probability or risk of 
the presence of a condition or disease (diagnostic models) 
or the occurrence of an event in the future (prognostic mod-
els) for the purpose of informing and making appropriate 
decisions [4, 16, 30].

There are several studies that have shown that tradition-
al risk scores generally underestimate mortality in patients 
with COVID-19 [31, 32]. Although multiple scores are cur-
rently used to predict mortality in patients with COVID-19, 
there is no universal score to date, and artificial intelligence 
has been used less than expected for this purpose. However, 
AI-based methods (machine learning and deep learning) are 
increasingly being used to study patient risk stratification 
in almost all areas of COVID-19 pandemic management. Nu-

merous studies have been conducted to develop computer-
ized predictive models for early disease prediction, diagno-
sis, severity assessment, progression, the need for ICU ad-
mission, and mortality risk evaluation in patients infected 
with SARS-CoV-2 [18, 25-27, 29, 33].

Firstly, feature classification (or selection or reduction) 
algorithm is used to pre-process the information to query 
new features, remove redundant values and unusable data, 
handle missing values, and select the most important fea-
tures. SHAP (SHaPley Additive exPlanations) and LASSO 
(Least Absolute Shrinkage and Selection Operator) are most 
used for this purpose. After pre-processing the information, 
machine learning or deep learning algorithms are used to 
create a predictive model [18, 27, 34-36].

The latest generation of machine learning algorithms 
(decision tree – J48, random forest – RF, artificial neural 
network – ANN, K-nearest neighbor – k-NN, multilayer per-
ceptron – MLP, linear discriminant analysis – LDA, naive 
Bayes – NB, extreme gradient boosting – XGBoost, adaptive 
boosting – AdaBoost, support vector machine – SVM, logistic 
regression – LR) and deep learning methods (convolutional 
neural networks – CNN, feedforward neural network – FNN, 
long short-term memory – LSTM, autoregressive integrated 
moving average – ARIMA, partial least squares-discriminant 
analysis – PLS-DA, auto-encoder – AE) are the most com-
monly used methods. Studies have investigated the effec-
tiveness of these models both individually and in combina-
tion for predicting mortality caused by COVID-19 [18, 19, 
26, 27, 37-39].

To improve the prognostic model for patients admitted 
to ICUs, a new strategy is needed that could be easily up-
dated periodically and include the latest clinical data re-
flecting the local characteristics of each medical institution. 
Electronic medical records have provided the opportunity 
to extract a large amount of clinical information to improve 
the performance of prognostic models. The use of multiple 
artificial intelligence algorithms to select features with the 
highest mortality prediction values contributed to a sig-
nificant increase in accuracy with an area under the ROC 
curve ≥90%, and the highest accuracy reaching an area un-
der the ROC curve of 99.1-99.7% [8, 10, 19, 27, 34, 39, 40]. 
These methods are superior and more accurate than tradi-
tional scoring systems (SOFA, SAPS-II, SAPS III, APACHE-II, 
APACHE-III, APACHE-IV), which show moderate prediction 
accuracy (area under the ROC curve 0.73-0.96) [41-47].

AI techniques (machine learning and deep learning) have 
become valuable tools for supporting decision-making pro-
cesses in healthcare, including diagnosis, monitoring, and 
predicting disease severity and mortality. These methods 
have demonstrated promising results across various med-
ical applications, such as skin cancer classification, breast 
cancer detection, pneumonia classification, and predicting 
mortality from acute kidney injury [7, 14]. Emerging ap-
plications can provide higher prediction performance than 
classical statistical analysis by leveraging large-scale com-
plex electronic health records and identifying the most reli-
able parameters, going beyond traditional statistical model-
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ing. They can quickly evaluate large and complex databases 
with numerous variables to determine clinically significant 
risk levels for prognostic outcomes through intensive com-
putational statistical modeling. In addition, machine and 
deep learning algorithms can identify hidden trends and 
unknown interactions between different variables that af-
fect the outcome [18, 19, 27, 33, 34, 48].

AI techniques are increasingly being used to predict the 
outcomes of COVID-19 patients. In particular, the use of 
these algorithms to predict COVID-19 mortality is rapidly 
developing, which can quickly and effectively support clini-
cal decision-making for COVID-19 patients at imminent risk 
of death [8, 10, 18, 36, 39, 48, 49]. 

AI applications, especially machine learning and deep 
learning algorithms, have great potential to support health-
care workers and professionals in decision-making, pre-
dicting complications and mortality rates in hospitalized 
patients. Medical validation should be performed by clinical 
experts, and these models can be implemented in various 
hospitals and healthcare settings [17].

However, despite the availability of several machine 
learning algorithms for predicting mortality in COVID-19 
patients, their practical use is limited by factors such as 
the heterogeneity of patients’ clinical profiles and risk fac-
tors, small sample sizes, and the lack of external validation 
of the prediction tools, which may reduce their applicabil-
ity [14-16].

According to a review of multiple studies, the strongest 
predictors of mortality in COVID-19 patients, repeatedly re-
ported, include advanced age, male gender, comorbidities 
(such as cardiovascular diseases, hypertension, diabetes 
mellitus, chronic obstructive pulmonary disease, neuro-
logical disorders, chronic kidney disease, and cancer), low 
levels of calcium, albumin, red blood cells, and oxygen sat-
uration, lymphocytopenia, and increased levels of blood 
urea nitrogen, creatinine, lactate dehydrogenase, C-reactive 
protein, D-dimers, respiratory rate, neutrophil count, inter-
leukin-6, procalcitonin, bilirubin, ferritin, aspartate amino-
transferase, and troponin [8, 18, 36].

In general, studies have highlighted the effectiveness of 
various machine learning models in predicting outcomes for 
COVID-19 patients, showing promising results in forecast-
ing mortality and disease severity [8]. 

According to a study involving 235 hospitalized 
COVID-19 patients, the most important variables for predic-
tive performance, in descending order, were lymphocytes, 
leukocytes, eosinophils, basophils, and hemoglobin. Among 
the six algorithms used, the SVM algorithm demonstrated 
the best predictive performance, with an ROC-AUC of 0.85, 
sensitivity of 0.68, specificity of 0.85, and an F1 score of 
0.72. Thus, among patients with an estimated probability of 
80-100% of having COVID-19, 82% were indeed infected, 
while only 12% of those with an estimated probability of 
0-20% were diagnosed with the disease [21].

Aslam H. and Biswas S. predicted mortality in COVID-19 
patients in real time using machine learning methods. The 
analysis evaluated well-known regression models (XG-

Boost, RF, and SVM) on datasets from the United States, 
India, Italy, and three continents - Asia, Europe, and North 
America. The dataset contained a total of 165,870 records, 
each with 67 parameters. The results demonstrated that 
these models are effective and can be used to predict mor-
tality in COVID-19 patients [49]. 

Jamshidi E. et al. built a mortality prediction model based 
only on age, gender, and comorbidities (15 parameters) in 
23,749 hospitalized and confirmed COVID-19 patients [25] 
according to the TRIPOD guidelines [50]. Six machine learn-
ing methods (LR, RF, ANN, k-NN, LDA, and NB) were evalu-
ated. The RF mortality prediction algorithm had the highest 
efficiency: the area under the ROC curve was 0.79, sensitivi-
ty was 75%, and specificity was 70% [25].

The binary RF classifier, tested on 218 electronic med-
ical records with 50 variables from ICU patients, achieved 
an accuracy of 80.28%, sensitivity of 81.82%, specificity of 
79.43%, positive predictive value of 73.26%, negative pre-
dictive value of 84.85%, F1 score of 0.74, and an area under 
the ROC curve of 0.85. The reliable model for predicting ICU 
mortality identified lactate level as the most important fac-
tor, followed by temperature and the Glasgow Coma Scale 
[51].

A performance analysis of eight machine learning algo-
rithms (J48, RF, k-NN, MLP, SVM, XGBoost, NB, and LR) for 
predicting mortality in COVID-19 patients used a dataset 
of 6,854 patients, including features such as CT severity 
score, demographics, risk factors, clinical symptoms, and 
lab results. The RF predictive model demonstrated the best 
results, with an accuracy of 97.2%, sensitivity of 100%, pre-
cision of 94.8%, specificity of 94.5%, F1 score of 97.3%, and 
an area under the ROC curve of 99.9%. This algorithm can 
quickly identify high-risk patients upon admission, poten-
tially improving their survival chances. XGBoost, J48, k-NN, 
and MLP also showed good prognostic performance with 
ROC curve ≥93.9. Other machine learning algorithms (SVM, 
NB, and LR) also had acceptable performance, with the area 
under the ROC curve ranging from 81.2 to 88.9% [12].

Shi Y. et al. evaluated three machine learning algorithms 
(RF, PLS-DA, and SVM) for mortality prediction using a da-
tabase of 4711 patients who were consecutively hospital-
ized in four hospitals. The analysis included only relatively 
accessible clinical parameters, including demographics, lab-
oratory results, and clinical characteristics. The RF model, 
which evaluated 20 variables, showed the best performance 
with an area under the ROC curve of 0.859, with 5 signifi-
cant predictors: mean arterial pressure, age, procalcitonin, 
blood urea nitrogen, and troponin. PLS-DA included 20 vari-
ables and had an area under the ROC curve of 0.775, with 
5 significant predictors: procalcitonin, ferritin, C-reactive 
protein, D-dimers, and troponin. The SVM model analyzed 
10 variables, with an area under the ROC curve of 0.828, 
and identified five key predictors: mean arterial pressure, 
age, aspartate aminotransferase, alanine aminotransferase, 
and C-reactive protein. Notably, nine variables (age, procal-
citonin, ferritin, C-reactive protein, troponin, blood urea ni-
trogen, mean arterial pressure, aspartate aminotransferase, 
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and alanine aminotransferase) were common to all three 
models and were identified as the most critical risk factors 
for COVID-19 mortality [14].

RF was the most effective machine learning algorithm 
(area under the ROC curve: 88%) for predicting mortality in 
COVID-19 patients. The algorithm identified key predictors 
of in-hospital mortality, including age, severity of respira-
tory injury (PaO2/FiO2), cardiac damage biomarkers (tro-
ponin and BNP), inflammatory markers (interleukin-6 and 
procalcitonin), creatinine, urea, albumin, and red blood cell 
distribution [48].

The RF mortality prediction algorithm can reliably fore-
cast mortality at the time of admission for patients infect-
ed with SARS-CoV-2 in the ICU, with an area under the ROC 
curve of 83%, sensitivity of 70%, and a specificity of 75%. 
The most significant prognostic factors included gender, 
age, blood urea nitrogen, creatinine levels, international 
normalized ratio, albumin, white blood cell count, segment-
ed neutrophil count, lymphocyte count, hemoglobin, and a 
history of neurological, cardiovascular, and respiratory dis-
orders [37].

In a large-scale study, 7 machine learning algorithms 
were tested on a cohort of 263,007 patients with 41 clin-
ical and demographic parameters. XGBoost showed the 
best results in predicting COVID-19-related mortality, with 
96% accuracy, 95% precision, an F1 score of 95%, and an 
area under the ROC curve of 96%. Older age, pneumonia, 
diabetes, obesity, cardiovascular diseases, and kidney dis-
eases were statistically significant factors associated with 
COVID-19 mortality [17].

According to another study comparing the effectiveness 
of 4 machine learning techniques (RF, XGBoost, SVM, and 
LR), the XGBoost algorithm, based on initial clinical data 
(demographics and comorbidities), produced the most ac-
curate prediction models. Through systematic design-based 
optimization, this algorithm performed better in predictive 
modeling applications involving structured data [52].

Zhao S. et al. tested 4 machine learning algorithms (LR, 
RF, XGBoost, and ANN) on a cohort of 12,393 ICU patients. 
Routine variables used included age, gender, physiological 
parameters, and use of vasoactive drugs during the first 
24 hours of hospitalization. Among the tested models, the 
XGBoost algorithm showed the highest performance in pre-
dicting the risk of mortality within 24 hours, achieving an 
area under the ROC curve of 0.97 [47].

Another study evaluated 4 machine learning methods 
(RF, LR, XGBoost, and SVM) on a database containing 4120 
records with 38 variables for each hospitalized COVID-19 
patient across 5 hospitals in Tehran, Iran. The XGBoost mod-
el showed higher performance compared to other models 
(accuracy 70%, sensitivity 77%, specificity 69%, and AUC 
0.857). For RF, LR, and SVM models, the AUC was 0.836, 
0.818, and 0.794, respectively [28].

A study comparing two mortality prediction algorithms 
in 2,348 hospitalized COVID-19 patients using clinical and 
radiological information found similar results for both the 
SVM (machine learning) and FNN (deep learning) algo-

rithms. The area under the ROC curve was 0.803 and 0.864, 
sensitivity 0.816 and 0.814, specificity 0.791 and 0.759, and 
accuracy 0.813 and 0.766, respectively [26].

Booth A. et al. used the SVM machine learning algorithm 
to predict mortality in patients with SARS-CoV2 based sole-
ly on a set of serum biomarkers. Using five readily avail-
able laboratory parameters (C-reactive protein, blood urea 
nitrogen, serum calcium, serum albumin, and lactic acid) 
from 398 patients, the model achieved a sensitivity of 91%, 
a specificity of 91%, and an area under the ROC curve of 
0.93 [35].

Ali M. et al. evaluated 7 machine learning algorithms 
for predicting mortality in a cohort of 696 hospitalized 
COVID-19 patients. The scientists highlighted that the k-NN 
classifier performed best in predicting mortality compared 
to other machine learning algorithms, achieving an accura-
cy of 95.25%, a sensitivity of 95.30%, a precision of 92.7%, 
a specificity of 93.30%, an F1 score of 93.98%, and an area 
under the ROC curve of 96.90%. Male gender, intensive care 
unit admission, and alcohol consumption were the three 
most important predictors of COVID-19 mortality [8].

Pourhomayoun and Shakibi assessed the effectiveness of 
six machine learning algorithms (SVM, ANN, RF, J48, LR, and 
k-NN) for predicting mortality rates in COVID-19 patients. 
The study included a dataset of more than 2,670,000 pa-
tients infected with laboratory-confirmed SARS-CoV-2 from 
146 countries. The original dataset contained 32 items for 
each patient, including symptoms, comorbidities, demo-
graphics, and physiological data. ANN achieved the high-
est performance in predicting the mortality of COVID-19 
patients with an accuracy of 89.98%. This result is nearly 
equivalent to the k-NN (89.83%) and SVM (89.02%) algo-
rithms, but slightly higher than RF (87.93%), LR (87.91%), 
and J48 (86.87%) [36].

Another prognostic model based on the SIMPLS (Statisti-
cally inspired modification of partial least square) algorithm, 
performed on a group of 250 hospitalized patients with 
COVID-19, assessed 18 clinical parameters and comorbid-
ities, as well as 3 blood biochemical markers. The most sig-
nificant predictors of in-hospital mortality were coronary 
artery disease, diabetes mellitus, altered mental status, age 
over 65 years, and dementia. C-reactive protein, prothrom-
bin, and lactate dehydrogenase were the most important 
biochemical predictors of in-hospital mortality [24].

Some scientists believe that using more variables can 
improve the performance of mortality prediction models 
for patients with COVID-19 [28].

Conclusions
1.	 Artificial intelligence techniques, such as machine 

learning and deep learning, offer potential advan-
tages over traditional scoring assessments, making 
them a valuable tool to support decision-making in 
healthcare, including diagnosis, monitoring, and pre-
dicting disease severity and mortality.

2.	 Information generated by machine learning and deep 
learning algorithms, which involve easily accessible 
and interpretable data, can help healthcare profes-
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sionals make the right decisions to provide appro-
priate and timely care to COVID-19 patients, improve 
patient outcomes, reduce the burden on health sys-
tems, and ultimately reduce mortality.

3.	 Strong predictors of mortality in COVID-19 patients 
that have been repeatedly reported include older 
age, male gender, comorbidities, decreased calcium, 
albumin, and red blood cells, low oxygen saturation, 
lymphocytopenia, increased blood urea nitrogen, 
creatinine, lactate dehydrogenase, C-reactive protein, 
D-dimers, respiratory rate, neutrophil count, inter-
leukin-6, procalcitonin, bilirubin, ferritin, aspartate 
aminotransferase, and troponin.

4.	 Implementing artificial intelligence algorithms in 
each specific healthcare service will be crucial to 
improving prediction efficiency, enhancing the qual-
ity of healthcare services, reducing the burden on 
healthcare workers, lowering overall patient care 
costs, and increasing their applicability in clinical 
practice.
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Introduction. Despite advances in non-operative and surgical management, calcaneal fractures remain severe injuries 
with relatively poor clinical outcomes. These fractures predominantly affect young, active individuals and are often associ-
ated with long-term sequelae, permanent disability, a considerable reduction in quality of life, and a substantial economic 
impact due to work incapacity and rehabilitation needs.

Material and methods. This study is a narrative literature review. A bibliographic search was conducted using PubMed, 
Hinari, SpringerLink, National Center for Biotechnology Information, and Medline databases. Articles published from 1990 
to 2024 were selected based on keyword combinations such as “calcaneal fracture,” “comminuted calcaneal fracture,” “or-
thopedic treatment”, “surgical treatment,” “minimally invasive treatment,” “osteosynthesis,” “locking plate,” and “locked in-
tramedullary nail.” After processing information from these databases according to the search criteria, 225 full-text articles 
were identified. The final bibliography includes 56 relevant sources, which were considered representative of the materials 
published on the topic of this synthesis article.

Results. Surgical treatment using open reduction and internal fixation for displaced intra-articular calcaneal fractures was 
superior to non-surgical treatment in restoring Bohler’s angle, achieving more stable calcaneal height and width, improv-
ing functional recovery, reducing the number of patients requiring orthopedic footwear, and enabling return to pre-injury 
activities, though it carries a high risk of complications. The minimally invasive approach via the sinus tarsi and the ex-
tended lateral L-shaped approach are equally effective for treating Sanders type II and III fractures in terms of restoring 
anatomical structures, radiological outcomes, and functional recovery. However, the sinus tarsi approach is effective in re-
ducing wound complication rates (3.6–6.3% vs. 13.5–31.2%, respectively; p < 0.05), pain syndrome rates, time to surgery 
(p < 0.0001), surgery duration (p < 0.05), and hospital stay duration. Therefore, the minimal incision approach is a good 
alternative to the extended lateral L-shaped approach.

Conclusions. The current concept in managing calcaneal fractures involves developing an individualized treatment plan 
based on the patient’s characteristics and functional requirements, comorbidities, fracture type, and associated injuries, as 
well as the surgeon’s experience with the selected surgical technique.
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K e y  m e s s a g e s

What is not yet known on the issue addressed in the submit-
ted manuscript
The inconsistent clinical outcomes and frequent complications as-
sociated with open reduction of calcaneal fractures have made it 
challenging to standardize the surgical management of these in-
juries. The optimal approach to managing displaced intra-articu-
lar calcaneal fractures, which are highly complex injuries, remains 
controversial, and there is currently no universal treatment pro-
tocol.
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The research hypothesis
The analysis and synthesis of contemporary literature will allow for a comprehensive presentation of the current management 
of calcaneal fractures, determining the indications and contraindications for conservative treatment, surgical treatment, and 
minimally invasive treatment.
The novelty added by the manuscript to the already published scientific literature
The article provides a synthesis of the latest international publications on the effectiveness of contemporary treatment meth-
ods for calcaneal fractures. The study results will contribute to refining the treatment protocol for initial management and 
optimizing fixation methods for calcaneal fractures by selecting appropriate types of fixators.

Introduction
Although new technologies and osteosynthesis materi-

als have been developed, the treatment of calcaneal frac-
tures (both non-surgical and open reduction with internal 
fixation) remains a controversial topic in the specialized 
literature due to the fracture’s anatomical complexity, the 
fragile soft tissue surrounding the bone, and high complica-
tion rates. The literature presents contradictory findings re-
garding outcomes for calcaneal fractures and the potential 
superiority of one treatment option over another or over 
conservative treatment. Some reasons for this controversy 
include issues with different classification systems, varying 
indications for surgical treatment, and diverse evaluations 
for clinical and radiological outcomes [1-6].

Inconsistent clinical outcomes and frequent complica-
tions associated with open reduction have made it difficult 
to standardize the surgical management of these injuries. A 
universal treatment protocol has yet to be established. Even 
existing randomized controlled trials comparing operative 
and non-operative treatments over the past 25 years have 
failed to provide clarity. While many studies favor surgical 
treatment, others have found no difference between oper-
ative and non-operative management. The irregular bone 
anatomy, complex joint mechanics among the tarsal bones, 
and delicate soft tissue coverage make these fractures chal-
lenging. Systematic reviews and meta-analyses have not 
found conclusive evidence for the most effective treatment 
due to the use of diverse operative strategies and outcome 
measurements [5-17].

Given this context, the aim of this article is to provide a 
synthesis of the most recent data on the efficacy of modern 
treatment methods for patients with intra-articular calca-
neal fractures.

Material and methods
To achieve the stated objective, an initial search of spe-

cialized scientific publications was conducted using Google 
Search and databases including PubMed, Hinari (Health 
Internet Work Access to Research Initiative), Springer-
Link, National Center for Biotechnology Information, and 
Medline. The selection criteria for articles included con-
temporary data on treatment methods for patients with 
intra-articular calcaneal fractures, using keywords such as 
“calcaneal fracture,” “comminuted calcaneal fracture,” and 
“intra-articular calcaneal fracture” in various combinations 
with “orthopedic treatment,” “surgical treatment,” “mini-

mally invasive treatment,” “osteosynthesis,” “locking plate,” 
and “locked intramedullary nail” to maximize search yield.

For advanced source selection, the following filters were 
applied: full-text articles in English, published between 1990 
and 2024. After a preliminary title analysis, original research 
articles, editorials, narrative reviews, systematic reviews, 
and meta-analyses containing relevant information and con-
temporary concepts on orthopedic, surgical, and minimally 
invasive treatment of intra-articular calcaneal fractures were 
selected. Additionally, reference lists from identified sources 
were searched to highlight further relevant publications not 
found during the initial database search.

The information from publications included in the bib-
liography was collected, classified, evaluated, and synthe-
sized, highlighting key aspects of contemporary views on 
treatment methods for patients with intra-articular calca-
neal fractures.

To minimize the risk of systematic errors (bias) in the 
study, we conducted thorough searches in databases to 
identify a maximum number of relevant publications for the 
study’s purpose, assessed only studies meeting validity cri-
teria, and applied reliable exclusion criteria for articles in 
the study.

Additional information sources were consulted as need-
ed for clarification of certain concepts. Duplicate publica-
tions, articles that did not align with the study’s purpose, 
and those not accessible for full viewing were excluded 
from the list of publications generated by the search engine.

Following the information processing through Google 
Search and databases such as PubMed, Hinari, Springer-
Link, National Center of Biotechnology Information, and 
Medline, 225 articles addressing treatment methods for pa-
tients with intra-articular calcaneal fractures were identi-
fied based on the search criteria. After a primary title analy-
sis, 62 articles were initially deemed potentially relevant for 
this synthesis. Upon further review, 56 publications were 
ultimately selected as relevant to the stated objective. These 
56 articles were included in the final bibliography, repre-
senting the materials considered significant for the topic of 
this synthesis article.

Publications that did not address the topic, even if ini-
tially selected by the search program, and articles inaccessi-
ble for full viewing, either through the HINARI database or 
in the scientific medical library of the Nicolae Testemițanu 
State University of Medicine and Pharmacy, were subse-
quently excluded from the list.
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Results
The management of displaced intra-articular calcane-

al fractures (DIACF) can be divided into four main catego-
ries: 1) non-operative management, 2) open reduction and 
internal fixation (ORIF), 3) minimally invasive reduction 
and fixation, and 4) primary subtalar arthrodesis (PSA) 
[18]. Therapeutic options include conservative non-surgi-
cal treatment, closed reduction with external fixation us-
ing Kirschner wires or an external fixator, closed reduction 
and internal fixation with screws or nails, closed reduction 
with calcaneoplasty, ORIF with K-wires, screws, or plates, 
arthroscopically assisted reduction with internal fixation, 
arthroscopic reduction with external fixation, and subtalar 
arthrodesis. Available fixation methods include external fix-
ation, plate fixation, nails, Kirschner wires, and screws [1, 
12, 15, 19-24].

A range of factors and their negative impacts on the heal-
ing process should be considered, as they inform strict in-
dications for the optimal treatment strategy. These include 
patient factors (comorbidities, age, gender, functional needs, 
smoking, psychological disorders), limb and soft tissue inju-
ry characteristics (open fracture, bilateral fracture, severe 
edema, fracture blisters), and fracture features (Sanders 
classification, Bohler’s angle, type of fracture—whether in-
tra-articular or extra-articular) [18].

The most important imaging data for planning recon-
structive surgery are: the number of posterior articular 
surface fragments (according to the Sanders classification, 
prognosis worsens with an increasing number of fragments, 
making surgical reconstruction of the posterior articular 
surface unfeasible in cases of excessive comminution with 
poor prognosis), the direction of fracture lines (the more 
medial, the harder it is to achieve reduction), the direction 
of displacement of the calcaneal tuberosity fragment (varus 
or valgus with rotational elements), the width and degree 
of collapse of the calcaneus (affecting footwear selection 
and the risk of peroneal tendon or malleolar impingement 
against a bulging lateral calcaneal wall), and involvement of 
the calcaneo-cuboid joint [25].

Orthopedic (non-surgical) treatment is indicated for 
extra-articular fractures without displacement or with dis-
placement <2 mm from the anatomical position, fractures 
located in the anterior process affecting less than 25% of 
the calcaneo-cuboid joint, patients with comorbidities (e.g., 
diabetes, severe neurovascular insufficiency, peripheral 
vascular disease), severe local soft tissue conditions that 
preclude extensive approaches, or elderly patients unable 
to tolerate surgery [7, 16, 18, 26-30].

Conservative treatment for calcaneal fractures involves 
immobilizing the fracture area in a plaster splint (5–7 days), 
followed by a plaster cast or orthosis for the heel (60 days), 
use of nonsteroidal anti-inflammatory drugs, and physio-
therapy procedures. For non-displaced calcaneal fractures, 
the healing time is approximately 10–12 weeks [7, 16, 18, 
26-30].

Early joint mobilization is recommended, but without 
weight-bearing on the affected foot. After 10–12 weeks, the 

patient can begin full weight-bearing walking on the injured 
foot, but only after radiographic confirmation of bone con-
solidation [16]. Potential disadvantages of non-operative 
management compared to surgical treatment include the 
inability to achieve anatomic reduction of the posterior fac-
et, insufficient functional recovery, higher rates of subtalar 
and calcaneo-cuboid arthritis, risk of malunion, and higher 
rates of subtalar arthrodesis (16% and 3%, respectively; p < 
0.0001) [5, 7, 11, 18, 29, 31].

Modern surgical management of calcaneal fractures is 
based on the following steps:

1.	 Surgical Approaches:
◾	Medial approach (for sustentaculum tali fractures)
◾	Extended lateral L-shaped approach (ELLA) (for 

Sanders II, III, and IV intra-articular fractures) – This 
is the most used approach, suitable for most DIACF 
cases where access to the posterior facet, posterolat-
eral and anterolateral fragments, and subtalar joint is 
necessary.

◾	AST is a limited, customized lateral approach allow-
ing access to the subtalar and calcaneo-cuboid joints.

2.	 Combined approach (medial and lateral) has been 
described for DIACF with wound complications [20, 
23, 28, 31].

3.	 Timing of surgery:
Surgery is performed 10–14 days after the fracture oc-

curs, allowing time for significant reduction or resolution of 
edema and blisters. Keeping the affected limb elevated and 
immobilized helps reduce the time needed for edema reso-
lution. Surgery is considered safe when lateral skin folds ap-
pear [20]. However, in the case of an open fracture, immedi-
ate treatment is required due to the risk of osteitis [20, 30].

4.	 Surgical objectives: 
The surgical goals include restoring heel height and 

width, reconstructing anatomy to approximate Bohler’s and 
Gissane’s angles, repairing and realigning the subtalar joint, 
restoring the functionality of the posterior mechanical axis, 
reconstructing the medial and lateral walls, and protecting 
tendons and neurovascular structures. There is a signifi-
cant correlation between preoperative Bohler’s angle and 
fracture severity, and postoperatively, Bohler’s angle sig-
nificantly correlates with functional recovery [4, 19-21, 32]. 
Restoration of the posterior facet is essential for achieving a 
normal gait, an earlier return to professional activities, and 
reducing the need for subtalar joint arthrodesis [33].

5.	 Surgical technique
The goal of surgical treatment is to restore the morphol-

ogy of the calcaneus and joint congruence, and it includes:
◾	 Closed reduction and external (percutaneous) 

fixation with screws – recommended for extra-ar-
ticular fractures when the fractured fragments are 
large and for minimally displaced “tongue” type frac-
tures.

◾	 Open reduction and internal fixation (ORIF) with 
screws or plates (conventional or locking) – in-
dicated for fractures that cannot be reduced by less 
invasive methods (displaced complex intra-articular 
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fractures, displaced “tongue” type fractures, Sand-
ers type II and III fractures, fractures of the anteri-
or process with over 25% involvement of the calca-
neo-cuboid joint, displaced sustentaculum fractures, 
and cases with reduced Bohler’s angle).

◾	 Minimally invasive osteosynthesis with or with-
out arthroscopic reduction [7, 8, 10, 12, 15, 16, 19, 
21, 22, 34, 35].

Over the past two decades, surgical management of cal-
caneal fractures has increasingly become preferred over 
conservative management. With advances in surgical tech-
niques and biomechanics, surgical treatment is now usually 
the first-line choice for calcaneal fractures [5]. The goals of 
modern surgical treatment in the literature are defined as 
follows: 1) reduction of the posterior articular facet, 2) res-
toration of the original height and width of the calcaneus, 
3) reconstruction of Bohler’s and Gissane’s angles, 4) en-
suring fibular tendon mobility, 5) re-establishment of the 
valgus position of the calcaneal tuberosity, 6) reduction of 
the calcaneo-cuboid joint, 7) early rehabilitation of the foot 
and ankle, and 8) minimization of soft tissue complications 
[21, 32, 36].

Thus, modern surgical treatment for fractures is de-
signed to reduce bone fragments while achieving joint con-
gruence and stable fixation, allowing for early mobilization 
[5, 30].

Surgical treatment is performed for patients with open 
fractures, displaced intra-articular fractures (Sanders types 
II, III, and IV), “tongue” type fractures that may compromise 
soft tissue, extensive fractures of the anterior process, frac-
tures located at the posterior tuberosity, or calcaneal frac-
tures with dislocations. An important rule is that calcaneal 
surgery should be done only after edema and blisters sub-
side (indicated by the appearance of skin laxity—wrinkles), 
but the time from the fracture occurrence to surgery should 
not exceed 2–3 weeks to avoid fracture consolidation and 
development of fibrotic rigidity in the soft tissues surround-
ing the calcaneus. Additionally, the condition of the soft tis-
sues is crucial [7, 16, 19, 21, 27, 28, 37].

Factors that may influence wound healing include the 
Sanders type of fracture, open fractures, smoking, comor-
bidities (especially diabetes and obesity), overcorrection 
of calcaneal height, early or delayed surgery, prolonged 
operating time, and wound closure technique [17, 32, 38]. 
Therefore, the decision to perform surgery is based on three 
main criteria: (1) displacement or comminution of the pos-
terior facet; (2) the patient’s age and surgical contraindica-
tions; (3) soft tissue trauma and associated conditions or 
polytrauma that can influence the timing of surgery and the 
choice of surgical technique (open reduction, external fixa-
tion, percutaneous technique, approach selection) [28, 30].

Since the 1990s, ORIF with a plate has been considered 
the “gold standard” for surgical treatment of DIACF, includ-
ing comminuted fractures [23, 39-41]. For internal fixation, 
most authors use a single lateral plate of various shapes 
(locked or simple) that matches the anatomical features of 
the calcaneus and is secured with at least two screws, often 

in different planes, providing a more rigid fixation. These 
plates effectively resist rotation and axial loads to achieve 
stable fixation and are associated with low rates of loosen-
ing and fixation failure [26, 31, 39-41].

Locking plate systems were developed to enhance frac-
ture fixation stability, allowing for early mobilization and 
rehabilitation. The introduction of locking plate technology 
in orthopedics has improved the biomechanical durability 
of bone and fracture fixation, representing a significant ad-
vancement in treating complex, periarticular, and osteope-
nic fractures [29, 30].

In recent years, the technology of locking plates has been 
evaluated, with researchers supporting that they provide 
stronger joint stability and fixation than non-locked plate 
constructs, particularly in comminuted fractures with a 
wide coverage area. They enable early weight-bearing on 
the affected limb without compromising fracture stability 
[27, 29, 40-42]. Although the advantages of locking plates in 
calcaneal fractures remain debated, multiple studies have 
demonstrated the superiority of locking plates over conven-
tional constructs. Locking plates are also advantageous in 
treating DIACF in patients with osteoporotic bone [27, 29, 
30, 40-42].

The locked intramedullary nail, a new minimally inva-
sive technique, was developed to combine the benefits of a 
minimally invasive approach with stable percutaneous fixa-
tion. This system has demonstrated high primary stability, 
comparable to variable-angle locking plates, in fixing frac-
tures in patients with Sanders type II and III DIACF [43, 44].

Among all methods, ORIF is considered the standard 
treatment and the best method for achieving anatomical 
joint reduction, restoring calcaneal morphology with a 
lower prevalence of post-traumatic arthritis. However, soft 
tissue complications are proportional to the extent of soft 
tissue trauma, which is why ORIF is not always feasible for 
every case and is typically performed when the soft tissue 
has recovered following fracture trauma [8-10, 12, 15, 45].

ORIF with a plate has shown acceptable radiolog-
ical and functional outcomes: restoration of subtalar 
joint movement (67.8% of active movement and 80.7% 
of passive movement), attributed to rigid anatomical re-
duction and early postoperative rehabilitation [23, 40, 
41]. The calcaneal locking plate provides a secure func-
tional outcome by restoring the anatomical reconstruc-
tion of calcaneal height, width, Bohler’s angle, and Gis-
sane’s angle, which leads to on early mobilization [39]. 
It has been shown that ORIF has higher complication and 
reoperation rates, yet yields better outcomes in terms of 
pain relief, walking restoration, time to return to work, and 
wearing regular footwear [19, 45]. All major randomized 
studies comparing non-operative treatment with surgical 
intervention via the extended lateral L-shaped approach 
(ELLA) found wound complication rates between 19% and 
37% in the surgical group [14].

A meta-analysis published in 2012 examined 10 studies 
(6 randomized controlled trials and 4 controlled clinical 
studies) with a total of 891 patients, confirming that surgical 
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treatment of DIACF was superior to non-surgical treatment 
in restoring Bohler’s angle, achieving more stable calcaneal 
height and width, better functional recovery, reducing the 
number of patients needing orthopedic footwear, and re-
suming pre-injury activities. Surgical management of DIACF 
was associated with a higher risk of complications (22.8% 
versus 16.2%, p=0.008), while function continued to dete-
riorate over long-term follow-up in conservative treatment. 
The authors concluded that surgery can effectively restore 
the anatomical structures of the calcaneus with better func-
tional recovery, despite a high risk of complications [5, 46].

In a systematic review published in 2013, Veltman E. and 
co-authors evaluated 25 studies with a total of 1,730 cal-
caneal fractures and an average follow-up of 4.6 years. The 
studies reported functional, subjective, and radiographic 
outcomes following surgical or conservative treatment. The 
authors support surgical treatment of DIACF with ORIF as 
the method of choice [5, 47].

Wei N. and co-authors conducted a systematic literature 
review and meta-analysis published in 2017 that assessed 
the efficacy of surgical and non-operative management of 
DIACF. The analysis included 18 studies (8 randomized con-
trolled trials and 10 controlled clinical studies) involving 
1,467 patients. The authors concluded that surgical treat-
ment of DIACF, compared with conservative treatment, may 
increase complication incidence but provides significantly 
better anatomic recovery, including restoration of Bohler’s 
angle, calcaneal height, and width, and a higher likelihood 
of resuming previous professional activities [48]. Another 
similar and more recent systematic literature review and 
meta-analysis, published in 2022, included 13 studies, in-
cluding 10 randomized controlled trials and 3 prospective 
clinical studies with 1,251 patients. The study found that 
the best available evidence at that time favored an advan-
tage for operative treatment. Fewer footwear issues and a 
higher likelihood of returning to the desired activity level 
were observed in surgically treated patients [13].

The clinical significance of these findings is that surgi-
cal treatment should be recommended for DIACF, as it can 
better restore calcaneal anatomy, improve functional re-
covery, and increase the likelihood of returning to previous 
activity levels compared to conservative treatment [48]. 
A prospective, case-control, and prognostic study revealed 
that if severe post-traumatic subtalar arthritis does not de-
velop, long-term functional outcomes (10–20 years) with 
mild pain, minimal changes in daily or professional activi-
ties, and normal footwear use are favorable results of ORIF 
via ELLA [49].

Therefore, ORIF can be performed through various ap-
proaches (lateral, medial, plantar, posterior, or combined), 
including minimally invasive options. ELLA has been the 
most popular technique, considered since the 1990s as the 
“gold standard” in treating DIACF. It offers wide and precise 
exposure of fracture fragments and the subtalar and calca-
neo-cuboid joints, easier decompression of the lateral wall, 
and sufficient lateral space for plates of various shapes. 
With delicate soft tissue management in mind, particular 

attention is given to creating full-thickness flaps and using 
the “no-touch” technique. However, this method is associat-
ed with soft tissue complications (wound edge dehiscence 
or necrosis, superficial or deep infection, hematoma, sural 
nerve injury, peroneal tendon injuries or displacement, and 
subtalar arthritis), with complication rates ranging from 
5.8% to 43%. Despite this, the ability of ORIF to directly 
visualize the posterior facet, the advantages of achieving 
better restoration, and the re-establishment of anatomical 
parameters (length, width, height, and calcaneal alignment) 
outweigh the increased complication risk.

Minimally invasive surgical treatment
Although ORIF for DIACF is favored by many authors, 

the increased risk of soft tissue complications makes this 
treatment method challenging, especially for patients who 
smoke or have diabetes. This may explain the growing use 
of minimally invasive techniques in managing intra-articu-
lar calcaneal fractures [3, 18, 24, 32].

Several minimally invasive surgical techniques have 
been developed for patients with calcaneal fractures to 
achieve good reductions, favorable clinical and radiograph-
ic outcomes, and lower complication rates, particularly 
for soft tissue complications. These techniques include 
percutaneous reduction and external fixation, arthroscop-
ically assisted percutaneous reduction and fixation, sur-
gery guided by a three-dimensional model or 3D printing 
of the fracture, calcaneoplasty, and open fixation via mini 
incisions. Minimally invasive techniques are more reliable 
when performed within the first 2 weeks after the fracture, 
as the fracture fragments are easier to manipulate during 
this period [8-11, 15, 22, 26, 31, 34, 37]. Some percutaneous 
techniques are used to realign the calcaneus with minimal 
tissue dissection and can be performed immediately after 
injury in cases of extensive soft tissue edema [34, 50].

The primary indications for using minimally invasive ap-
proaches in the surgical treatment of calcaneal fractures in-
clude fewer complex fractures, minimally fragmented pos-
terior facet fractures, displaced Essex-Lopresti fractures, 
Sanders type II and III fractures in patients with multiple 
comorbidities, and those at high risk for significant postop-
erative wound complications [14, 24, 30, 50]. Recent pro-
spective and retrospective studies, systematic reviews, and 
meta-analyses have shown promising results with minimal-
ly invasive techniques in terms of reducing preoperative 
time, surgery duration, hospital stay, and complication rates 
[8-11, 22, 26, 27, 34, 37, 45].

The sinus tarsi approach (STA) is used in minimal-
ly invasive reduction and percutaneous fixation of DIACF 
fragments. This technique, suitable for simple calcaneal 
fractures, allows a direct visualization of the subtalar joint 
surface and the exposure of the calcaneal joint by extending 
the incision if necessary. Additionally, locking plates can be 
introduced through STA to achieve firm fixation while min-
imizing soft tissue damage. Patients with diabetes, smok-
ers, and those with comorbidities, who are at risk of wound 
healing complications, may benefit from minimally invasive 
techniques, especially STA. Furthermore, STA is the most 
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cost-effective treatment option for Sanders type II-III DIACF 
[1, 21, 22, 34, 36, 42, 45].

A comparison of two internal fixation techniques—can-
nulated screw fixation and plate with screws using STA 
showed no statistically significant difference in restoring, 
correcting, and maintaining Bohler and Gissane angles over 
time, radiographic parameters, or postoperative complica-
tion rates. Thus, both fixation methods are equally effective 
in restoring and maintaining Bohler and Gissane angles 
with a lower complication rate compared to ELLA. The 
implant costs and implant removal rate were significantly 
higher with the minimally invasive plate application [51].

A systematic literature review, three prospective, ran-
domized controlled trials, and three retrospective studies 
were conducted to compare ORIF with minimally invasive 
reduction and percutaneous fixation for Sanders type II, III, 
or IV DIACF. No statistically significant difference was found 
between ORIF and percutaneous fixation groups regarding 
anatomical reduction, functional outcomes, or the need for 
revision surgery. The minimally invasive method was asso-
ciated with the ability to perform the procedure immediate-
ly without waiting for soft tissue stabilization, significantly 
shorter surgery and hospital stay, lower rates of postop-
erative pain syndrome and wound complications, reduced 
subtalar joint stiffness, faster postoperative rehabilitation, 
better functional outcomes, and an earlier return to work 
[24, 34].

Researchers concluded that both techniques – percuta-
neous reduction and fixation and ORIF – can be considered 
for the surgical treatment of DIACF, as both are capable of 
restoring Bohler’s angle and have relatively good long-term 
functional outcomes. Indications for each technique may 
vary among surgeons, and each has its own set of risk fac-
tors and complications; however, both have been shown ac-
ceptable reduction outcomes [24].

Four meta-analyses, published in 2017 and 2018, along 
with other prospective and retrospective cohort studies, 
suggest that the minimally invasive approach with STA and 
the extended lateral L-shaped approach (ELLA) are equal-
ly effective in treating Sanders type II and III fractures in 
terms of anatomical structure restoration, radiological out-
comes, and functional recovery. However, STA has shown 
effectiveness in reducing wound complication rates (3.6–
6.3% vs. 13.5–31.2%, respectively; p < 0.05), rates of pain 
syndrome, time to surgery (p < 0.0001), surgery duration 
(p < 0.05), and length of hospital stay [52-54]. Despite this, 
heterogeneity among studies and errors in including cer-
tain publications have raised doubts about the reliability of 
these conclusions [38].

A recent meta-analysis published in 2020, which includ-
ed 17 randomized controlled trials and 10 retrospective 
studies with 2,179 patients and 2,274 DIACF cases moni-
tored for an average of 22.41 months, evaluated the effec-
tiveness of the minimally invasive incision approach and 
standard ELLA. Overall, results showed no statistically sig-
nificant difference in Gissane’s angle, calcaneal width and 
length, deep infection, or subtalar joint stiffness. When only 

randomized controlled trials were analyzed, there were 
no statistically significant differences between groups re-
garding Bohler’s or Gissane’s angles. A statistically signifi-
cant difference was observed in wound complication rates, 
superficial wound infection, sural nerve injuries, AOFAS 
scores, time to surgery, surgery duration, calcaneal height, 
and postoperative Bohler’s angle (when all studies were 
considered), all in favor of the minimally invasive incision 
approach. These results remained statistically significant 
when only randomized controlled trials were compared, 
except for Bohler’s angle and AOFAS scores. This meta-anal-
ysis indicates that the minimally invasive incision approach 
is a good alternative to standard ELLA [33].

A more recent meta-analysis, published in 2021, found 
no differences in anatomical structure restoration, func-
tional recovery, and clinical efficacy of DIACF treatment be-
tween STA and ELLA [55].

However, two retrospective cohort studies published in 
2020 and 2021, along with three more recent meta-anal-
yses from 2020 and 2021 that updated the literature and 
excluded inadequate studies previously included in me-
ta-analyses, found that STA, compared to ELLA, is superior 
for treating calcaneal fractures due to improved anatomical 
reduction of the calcaneus, lower incidence of wound com-
plications (p < 0.001), shorter preoperative time, reduced 
operative time (p < 0.001), shorter hospital stay (p=0.002), 
lower rates of secondary surgeries, and faster wound heal-
ing. There was no statistical difference in Bohler and Gis-
sane angles, but better foot function scores according to AO-
FAS and Maryland scores which were significantly higher in 
the STA group (p < 0.01). Therefore, STA was identified as a 
superior alternative for DIACF treatment [38, 56].

Two recent systematic literature reviews and meta-anal-
yses published in 2023 analyzed 59 studies with over 
10,000 calcaneal fractures and 13 studies with 897 patients 
with calcaneal fractures. According to the results, most re-
searchers agree on the superiority of surgical treatments 
for calcaneal fractures compared to conservative ones. 
Furthermore, minimally invasive access to the sinus tarsi 
showed better outcomes and lower complication rates than 
traditional ELLA, as it uses a smaller incision and involves 
less extensive tissue manipulation. In general, reduction 
and osteosynthesis with percutaneous and/or minimally in-
vasive techniques offer better outcomes compared to open 
treatments, even when open reduction is contraindicated 
[12, 45].

Thus, minimally invasive techniques yield clinical and ra-
diographic outcomes similar to ELLA but with lower wound 
complication rates for all DIACF types. There is no statisti-
cally significant difference between the two groups in terms 
of restoring anatomical structures, although some surgeons 
consider posterior facet restoration more challenging with 
the minimally invasive approach.

There is no universally applicable treatment method 
for all calcaneal fractures. The consensus among most re-
searchers is as follows: 1) surgical treatment is superior to 
conservative treatment; 2) minimally invasive access via 



75

Mold J Health Sci. 2025;12(1):69-77Management of calcaneal fractures

STA provides better results and fewer complications than 
traditional ELLA; 3) reduction and osteosynthesis with per-
cutaneous and/or minimally invasive techniques appear to 
offer better outcomes than open treatments. Therefore, the 
current concept in managing calcaneal fractures involves 
developing an individualized treatment plan based on the 
patient’s characteristics and functional requirements, co-
morbidities, fracture type, associated injuries, and the sur-
geon’s experience with the selected surgical technique. New 
technologies may improve calcaneal fracture management 
[5, 6, 12, 13, 45, 49].

Recent studies, systematic literature reviews, and me-
ta-analyses have shown promising results with minimally 
invasive techniques in the treatment of Sanders type II, III, 
and IV DIACF. Although both surgical interventions are ef-
fective, the sinus tarsi approach (STA) in the treatment of 
calcaneal fractures has proven to be significantly safer and 
more effective, with similar functional and radiological 
outcomes but lower postoperative complication rates com-
pared to ELLA. The advantages of this treatment method 
include a much shorter time from fracture to fixation (often 
2–3 days), reduced intraoperative bleeding, higher mean 
AOFAS scores, lower postoperative complication rates, in-
cluding wound complications, shorter operative time, much 
earlier active mobilization, shorter hospital stay and recov-
ery periods, and a lower rate of secondary surgeries [15, 22, 
32, 34, 36, 45, 51]. Therefore, the minimally invasive sinus 
tarsi approach is becoming the new “gold standard” in DI-
ACF treatment [14, 37].

According to contemporary guidelines and the views of 
many researchers, patients with non-displaced Sanders type 
I and II calcaneal fractures should be treated conservatively. 
Sanders type II and III DIACF should be treated surgically. 
There remains debate regarding the treatment method for 
Sanders type IV fractures, which can be managed surgically 
or conservatively; however, this group of patients tends to 
have poor outcomes even after open reduction. Some pa-
tients with subtalar arthritis may require subtalar or triple 
arthrodesis (subtalar, talonavicular, and calcaneocuboid). 
Despite these general treatment principles, the treatment 
strategy should be individually tailored on a case-by-case 
basis, as various factors influence complication develop-
ment in calcaneal fractures [35, 42].

Conclusions
(1)	 Over the past two decades, surgical management 

of calcaneal fractures has become increasingly preferred 
over conservative management. With advances in surgical 
techniques and biomechanics, surgical treatment is now the 
first-line choice for calcaneal fractures, aimed at reducing 
bone fragments, achieving joint congruence, and stable fixa-
tion with early mobilization.

(2)	 Surgical treatment through open reduction and 
internal fixation for displaced intra-articular calcaneal 
fractures has proven superior to non-surgical treatment in 
restoring Bohler’s angle, achieving more stable calcaneal 
height and width, improving functional recovery, reducing 
the number of patients requiring orthopedic footwear, and 

facilitating the resumption of pre-injury activities, though 
there is a high risk of complications.

(3)	 The decision to perform surgery is based on three 
main criteria: displacement or comminution of the posteri-
or facet; the patient’s age and contraindications for surgery; 
and soft tissue trauma and associated injuries, which may 
influence the timing of surgery and the choice of surgical 
technique.

(4)	 The minimally invasive surgical method allows 
for immediate intervention without waiting for soft tissue 
consolidation, significantly shorter operative and hospi-
talization times, reduced rates of postoperative pain syn-
drome and wound complications, decreased subtalar joint 
stiffness, faster postoperative rehabilitation with better 
functional outcomes, and an earlier return to professional 
activity.

(5)	 The minimally invasive sinus tarsi approach and 
the extended lateral L-shaped approach are equally effective 
for treating Sanders type II and III fractures in terms of an-
atomical restoration, radiological outcomes, and functional 
recovery. However, the sinus tarsi approach is more effec-
tive in reducing wound complication rates (3.6–6.3% vs. 
13.5–31.2%; p < 0.05) and rates of pain syndrome, reducing 
time to surgery (p < 0.0001), operative duration (p < 0.05), 
and hospital stay. Thus, the minimal incision approach is a 
good alternative to the extended lateral L-shaped approach.

(6)	 The current concept in managing calcaneal frac-
tures involves developing an individualized treatment plan 
based on the patient’s characteristics and functional re-
quirements, comorbidities, fracture type, associated inju-
ries, and the surgeon’s experience with the selected surgical 
technique.
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Introduction. Immediate loading of dental implants is an evolving discipline requiring validation through clinical and 
statistical analyses. This study presents a case of immediate implantation and loading to evaluate predictability and 
outcomes. Immediate restoration reduces treatment time, promotes rapid aesthetic recovery, and addresses patient 
expectations for functional rehabilitation. Success in such cases relies heavily on maintaining primary stability and avoiding 
micromovements during osseointegration.

Materials and methods. A 47-year-old patient underwent extraction of teeth 11 and 13, followed by immediate post-
extraction implantation. Implants were loaded with provisional restorations within 48 hours. Statistical analysis included 
torque measurements, Periotest values, and aesthetic evaluations. Comparative data were reviewed against existing 
literature to assess clinical significance.

Results. Primary stability was achieved with insertion torque of 50 Ncm and Periotest values of -5 and -6. Literature 
indicates success rates for immediate loading between 94-98%, and this case corroborated these findings with stable and 
aesthetic results. Surveys revealed 85% satisfaction with comfort and appearance, and the gingival profile remained stable 
post-treatment.

Conclusions. Immediate loading is a predictable and effective method when conditions for atraumatic extraction, implant 
stability, and soft tissue management are met. The study reinforces the viability of this approach in improving patient 
outcomes and minimizing recovery periods while maintaining aesthetics.
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K e y  m e s s a g e s

What is not yet known on the issue addressed in the submit-
ted manuscript
Immediate loading of dental implants is gaining popularity due to 
reduced treatment time and improved patient comfort. However, 
the success and predictability of immediate loading protocols re-
quire further analysis, particularly in cases of compromised alveo-
lar bone or soft tissue defects. This article aims to address the gap 
by providing detailed case study evidence supported by statistical 
support.
The research hypothesis
Immediate post-extraction implantation with immediate loading 
can yield predictable outcomes when appropriate conditions are 
met. This includes high primary stability, proper patient selection, 
and meticulous surgical protocols.
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Introduction
Endoosseous dental implants are a reliable method for 

rehabilitating edentulous areas. The Branemark protocol, a 
standard insertion method, involves delayed loading after 
a 4–6-month osseointegration period [1]. High patient de-
mands for faster and aesthetically superior outcomes have 
led to the development of immediate loading protocols.

Immediate loading offers faster aesthetic and function-
al results. According to studies, immediate loading pros-
theses have success rates ranging from 94% to 98%. Such 
outcomes depend heavily on patient-specific factors such 
as bone density, oral hygiene, and professional expertise 
[1-4].

The need for immediate aesthetic restoration is partic-
ularly critical in anterior zones. Research has shown that 
atraumatic extraction techniques preserve the alveolar 
ridge, minimizing bone resorption and supporting gingival 
contour stability. Proper implant positioning and achieving 
primary stability with torque values exceeding 35 Ncm are 
critical to avoiding micromovements that could jeopardize 
osseointegration [5, 6].

Additionally, the type of provisional restoration used 
plays a significant role in preserving the gingival architec-
ture and ensuring occlusal harmony. Biomechanical stud-
ies emphasize the importance of limiting occlusal forces 
during the healing period to avoid complications. This 
study demonstrates the effectiveness of immediate post-ex-
traction implantation and loading, supported by atraumatic 

The novelty added by the manuscript to the already published scientific literature
This study provides statistical evidence supporting the predictability of immediate loading under stringent clinical protocols. 
It emphasizes the importance of atraumatic techniques, proper implant positioning, and soft tissue preservation on both aes-
thetic and functional outcomes.

extraction techniques and precise implant placement, en-
suring both functional and aesthetic outcomes [5, 7-9].

Clinical case presentation
A 47-year-old patient presented with compromised 

teeth (11 and 13). Clinical examination revealed a mobile 
metal-ceramic bridge with vestibulo-oral mobility and sen-
sitivity upon palpation and percussion. Radiographic anal-
ysis confirmed periapical pathology and significant bone 
loss, necessitating extraction (Fig. 1). Patient consent was 
obtained, and all procedures adhered to ethical guidelines.

Procedure
Atraumatic extraction of teeth 11 and 13 was performed 

to preserve the alveolar ridge. The post-extraction sockets 
were thoroughly curetted to remove pathological tissue and 
irrigated with antiseptic solutions (Fig. 2a).

Immediate post-extraction implants (diameter: 4 mm, 
lengths: 12 mm and 14 mm) were placed. The insertion axis 
was palatalized to ensure optimal engagement with cortical 
bone (Fig. 2b).

Under-drilling protocols were employed to enhance pri-
mary stability. The integrity of alveolar walls was carefully 
evaluated, with particular attention to the vestibular plate.

Measurements
Implant stability was assessed using a torque wrench, 

with insertion forces measured at 50 Ncm.
Periotestometry was performed, yielding values of -5 

(mesial implant) and -6 (distal implant), indicative of excel-
lent primary stability.

Fig. 1 Preoperative appearance.
A. Tomography analysis, and digital surgery 
planning.
B. Intraoral aspect of the prosthetic work.

Fig. 2 Post-extraction socket.
A. Evaluation of post-extraction socket, and 
bone wall integrity
B. Implant placement palatal, for better soft 
tissue result
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Restoration
Provisional acrylic crowns were fabricated and loaded 

within 48 hours. These restorations were designed to avoid 
occlusal contact during mastication, preventing undue 
stress on the implants (Fig. 3b).

Soft tissue modeling was facilitated by the provision-

al crowns, ensuring optimal gingival contour preservation 
(Fig. 4a).

Data collection included quantitative measurements 
(torque, Periotest values) and qualitative assessments (pa-
tient-reported outcome measures focusing on comfort, aes-
thetics, and functionality). 

Fig. 3 After surgery photo.
A. Radiological evaluation after implant placement.
B. Fixation of immediate provisional crowns.

Fig. 4 Implant evaluation after 
osseointegration period.

A. Soft tissue appearance and bleeding evaluation by 
Mombelli after osseointegration.
B. Fixation of final work, and emergency profile 
evaluation.

Results
-Primary Stability:
Insertion torque exceeded the recommended threshold 

of 35 Ncm, ensuring immediate loading feasibility.
Periotest values of -5 and -6 corroborated excellent pri-

mary stability and osseointegration potential.
- Aesthetic and Functional Outcomes:
Gingival contours were preserved throughout the treat-

ment period, with no signs of soft tissue recession or inflam-
mation.

Provisional restorations provided satisfactory aesthet-
ics, meeting patient expectations for anterior zone rehabil-
itation.

-Patient Satisfaction:
Post-treatment surveys indicated 85% satisfaction with 

comfort and appearance. The remaining 15% expressed 
mild concerns regarding initial adaptation to the provision-
al restorations, which were resolved within two weeks.

Literature reviews supported these findings, with suc-
cess rates for immediate loading reported at 94-98%. Bio-
mechanical studies emphasized maintaining occlusal forces 
below 150 Newtons to prevent micromovements during 
healing. Follow-up evaluations at 12 months confirmed im-
plant stability, with repeated Periotest measurements re-
maining consistent. 

According to postextraction implantation requirements, 
the implants were applied subcortically, to have enough 
space for the soft tissues. After the healing period, accord-
ing to the measurements on the radiological image, we ob-
served an insignificant bone remodeling with bone loss of 
0.8 mm from the mesial and 0.7 mm from the distal. The 
platform of the implants being below the crestal level any-
way, which demonstrates the effectiveness of the treatment 
method.

Discussion
Immediate loading minimizes treatment time while 

maintaining patient comfort and aesthetics. Atraumatic ex-
traction techniques are pivotal in preserving alveolar bone 
integrity, particularly the vestibular plate, which is essential 
for achieving optimal aesthetic results. Temporary crowns 
play a crucial role in maintaining gingival contours and fa-
cilitating soft tissue adaptation [9].

The case study emphasizes the importance of achieving 
primary stability and avoiding lateral occlusal forces during 
the healing period. Statistical data support the protocol’s 
predictability, aligning with broader findings in contempo-
rary literature [3, 6]. Challenges, such as patient-specific an-
atomical variability and bone density, underscore the need 
for tailored approaches.
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Future research should explore advanced implant mate-
rials, surface modifications, and digital planning techniques 
to enhance outcomes further. The integration of these ad-
vancements could address current limitations and improve 
the predictability of immediate loading protocols.

Conclusions
Immediate loading of dental implants is a reliable and 

effective treatment method that reduces treatment time, 
ensures psychological comfort, and delivers stable, long-
term results. Adherence to atraumatic techniques, precise 
implant placement, and meticulous soft tissue management 
is essential for success. This case study validates the proto-
col’s predictability and highlights its role in advancing pa-
tient care.
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A N N I V E R S A R Y

Professor Nicolae Fruntașu at 90: 
A Life in Service of Alma Mater

 UDC: 6611(478)(092) 

Medicine is a fascinating field that de-
mands sacrifices. Those who are passionate 
about this profession devote their entire lives 
to studying for the benefit of human health 
and conducting profound research, so that lat-
er their scientific contributions may be reflect-
ed in innovation and medical practice. One 
such individual is Professor Nicolae Fruntașu, 
who turns 90 and who, alongside his teaching 
career, has dedicated himself to morpholog-
ical research, an area in which he has distin-
guished himself as a renowned specialist.

Nicolae Fruntașu was born on January 13, 
1935, in Cuhureștii de Sus, Soroca County, Ro-
mania, into a family of farmers for whom hard 
work was paramount.

In 1942, he began his primary education, 
and in 1949, he graduated from the local Gen-
eral Education School. That same year, he was admitted to 
the Medical College in Soroca. In 1952, Nicolae Fruntașu en-
rolled at the State Medical Institute in Chișinău.

After graduating in 1958, Nicolae Fruntașu was assigned 
to Ciutulești, Florești district, where he began working as 
chief physician. Medical services were provided to six vil-
lages within a radius of 15–16 km, serving a population of 
approximately 10,000 residents. He then worked for three 
years as a district physician, a period that became a true 
“university of life” for him.

Gaining clinical experience, Nicolae Fruntașu felt ready 
to embrace teaching. Thus, in 1961, he was hired as an as-
sistant professor in the Department of Human Anatomy. His 
first steps in morphology were guided by Professor Boris 
Perlin, an experienced specialist, erudite scholar, and ded-
icated mentor, from whom he learned the techniques and 
methods of teaching the discipline.

A year later, he was offered the opportunity to research 
“The Innervation of the Human Knee Joint”. He pursued the 
topic with passion and diligence, and within a year and a few 
months, he presented his research project to his supervisor. 
In 1964, he successfully defended his doctoral dissertation 
in medical sciences. That same year, he was transferred to 
the Department of Topographic Anatomy and Operative 
Surgery as an assistant professor, and three years later, he 
earned the title of Associate Professor. In 1967, he was ap-

pointed head of the Topographic Anatomy 
and Operative Surgery Course at the Facul-
ty of Continuous Medical Education. Start-
ing in the 1970s, Professor Fruntașu shared 
his knowledge of human anatomy with col-
leagues from the department, as well as with 
those from clinical departments, dedicating 
himself to the continuous education of medi-
cal professionals for the next 41 years.

Professor Nicolae Fruntașu’s method-
ological and teaching activities included 
developing curricula and thematic plans for 
continuing medical education courses. In-
troduced in the 1990s based on the Russian 
school model, these courses covered vari-
ous medical fields: surgery, traumatology, 
otorhinolaryngology, neurosurgery, urology, 
anesthesiology, dentistry, endoscopy, and ul-

trasonography.
Nicolae Fruntașu continuously improved his knowledge 

and professional competencies. For this purpose, collab-
orations were established with the Department of Clinical 
Anatomy at the Central Institute for Medical Advancement 
in Moscow, allowing faculty and scientific staff to attend 
continuous medical education development courses, in-
cluding international ones, every two years.

Upon being transferred to another faculty and at the 
suggestion of Academician Vasile Anestiadi, Nicolae Frun-
tașu decided to change the focus of his research for his ha-
bilitation thesis to “The Biomorphosis of the Human Aorta”. 
He employed complex study methods to investigate his-
tochemical and morphometric manifestations in the aor-
tic wall components under the influence of aging factors. 
In 1994, he was awarded the title of Doctor Habilitated in 
Medical Sciences, and in June of that year, he received the 
academic rank of Professor. From 2008 to 2020, he served 
as a consulting professor.

Professor Nicolae Fruntașu’s scientific activity has re-
sulted in 230 publications, including three monographs, 
numerous methodological works, five inventions, and 76 
innovations. He has supervised three doctoral students and 
guided the development of several master’s theses. He ac-
tively participated in numerous congresses, conferences, 
and symposia, presenting scientific papers and theses.
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Beyond his professional responsibilities, Nicolae Frun-
tașu played an active role in the social life of his institution 
and country. He led a team of students in establishing a rec-
reational camp in Sergheevka, Ukraine. For seven consecu-
tive years, he was a member of the admissions committee 
of the State Medical Institute in Chișinău; for five years, he 
served as the president of the Union Office of the Faculty of 
General Medicine; for ten years, he was vice-president of the 
Specialized Scientific Council for Doctor Habilitated Thesis 
Defense (DH 14.92.06 – theoretical profile); and he partici-
pated in organizing central and local government elections 
11 times, including nine times as chairman of the electoral 
commission.

For several decades, Nicolae Fruntașu actively partic-
ipated in intra- and inter-university sports competitions 
as a member of faculty teams in basketball, volleyball, and 
checkers.

Professionally, he stood out for his responsibility, integ-
rity, passion, and dedication, devoting 59 years of his life to 
Alma Mater and the education of medical specialists. Re-
flecting on his multifaceted career, he considers his dreams 
fulfilled, as he accomplished everything he set out to do in 
teaching, research, and social engagement.

For his outstanding contributions to the development 
of higher medical education, his substantial role in train-
ing highly qualified specialists, and his remarkable meth-
odological, teaching, and scientific activities, in 2020, Pro-
fessor Nicolae Fruntașu was awarded the honorary title of 
“Emeritus Person”.

On this momentous occasion, on behalf of the entire uni-
versity community, we express our profound respect and 
appreciation for Professor Nicolae Fruntașu. We wish him 
good health, peace, and tranquility, prosperity, and many 
more joyful moments with his loved ones.

Happy birthday!

Emil Ceban, rector of the Nicolae Testemițanu SUMPh
Dr. hab. med. sciences, university professor,
corresponding member of the ASM
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co-biologic, diagnosticul şi tratamentul [Chronic myeloid leukemia: contemporary insights into the epidemiological, clin-
ical-biological profile, diagnosis and treatment]. Chișinău: Medicina, 2024. 167 p. ISBN 978-9975-82-395-1. Romanian.

Chronic myeloid leukemia (CML) is 
a chronic myeloproliferative neoplasm, 
which derives from clonal myeloid prolif-
eration because of malignant transforma-
tion of hematopoietic stem cells. The me-
dian age of the patients is lower than the 
respective indicator in other chronic ma-
lignant myeloproliferations and amounts 
to 52-53 years, which denotes the pre-
dominant involvement of socially active 
and workable population. Approximately 
2.5% of CML cases are attributed to the 
age group below 20 years and 7.4% to 
the age group between 20-34 years. That 
disease represents a complex and actual 
problem of clinical hematology and public 
health. The clinical-hematological picture 
of CML is characterized by splenomegaly 
or spleno- and hepatomegaly, progres-
sive leukocytosis, constitutional, hyper-
catabolic symptoms, commonly relaps-
ing evolution, which can also be found in 
other leukemic processes, raising questions of differential 
diagnosis. Despite major advances in induction and mainte-
nance therapy, which have led to the increased hematologic 
and molecular response rates, as well as overall survival, a 
significant proportion of CML patients relapse and die from 
the disease progression in the form of acute phase – blast 
crisis. Regardless of the geographical area, the insidious 
and latent onset of the disease, the late addressing of the 
patient, the reduced vigilance and lack of specific compe-
tency of physicians of the general network can cause delay 
in diagnosis and treatment, when the evolution of the tu-

mor process progressively decreases the 
chances of recovery. Patients diagnosed 
in the chronic phase, from the low-risk 
group, have a high potential for recovery. 
Therefore, detailed training of students, 
residents, postdoctoral fellows and train-
ees in the field of this hematologic malig-
nancy is welcome both from a clinical and 
scientific point of view.

That monograph covers the basic top-
ics necessary for students, the medical 
and academic community for detailed 
knowledge of epidemiology, etiopatho-
genesis, establishing the diagnosis of CML, 
processing the differential diagnosis and 
selecting personalized treatment tactics.

The monograph is properly struc-
tured, presented in a standard manner 
and composed in literary medical lan-
guage. The respective manuscript consists 
of 5 chapters, the synthesis of clinical cas-
es, includes 20 tables and 19 figures. Each 

chapter comprizes the actuality of the studied theme com-
partment, the purpose, the research materials and meth-
odology, the author’s research results, the international 
achievements in the field in the form of discussion – nar-
rative synthesis. In the first chapter, the world literature 
data on epidemiology, etiopathogenesis, clinical picture, 
positive diagnosis, differential diagnosis and treatment of 
CML are presented. Chapter II is dedicated to the contempo-
rary epidemiological and management aspects of CML pa-
tients. The monograph describes contemporary diagnostic, 
management and treatment algorithms and options used 
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worldwide in clinical hematology. The importance of molec-
ular-cytogenetic investigations in the diagnosis and moni-
toring of treatment results, as well as the advantages of per-
sonalized treatment with tyrosine kinase inhibitors (TKI), 
are demonstrated. Low- and middle-income countries have 
been found to bear a considerable burden of CML, which is 
mainly driven by their limited access to targeted TKI ther-
apy. Globally the burden of CML remains relatively stable 
due to population growth in developing countries and pop-
ulation aging in developed countries. Chapter III reflects 
clinical-biological patterns and therapeutic-management 
approaches in relapses and refractory forms of CML. The 
results of the author’s postdoctoral research and those at 
the regional, international level in the field of relapses and 
resistant forms of CML are presented. The author found that 
elevated LDH values ​​can suggest CML activity both during 
diagnosis and relapse. In the present study, T315I and 
K222R/665A mutations of the BCR-ABL1 gene and elevated 
LDH values ​​were associated with a higher rate of relapses 
and resistance to imatinib. TKI medication has been found 
to significantly improve overall survival rates and ECOG-
WHO score of CML patients, regardless of treatment line, as 
well as in relapsed, refractory forms. Chapter IV highlights 
the particularities and achievements of the management 
of patients with CML and deep molecular response. Inter-
ruption of TKI treatment may be considered as a promising 
option in patients with CML in chronic phase (especially in 
early chronic phase), with long-lasting complete molecu-
lar response, with low baseline BCR-ABL1 p210 transcript 
expression and in cases of absence of the BCR-ABL1 p190 
transcript. According to the reviewed literature, once pa-
tients have discontinued treatment, they should be asked 
about withdrawal symptoms or the need for support to 
manage these symptoms. CML patients with minor molecu-

lar relapses can achieve a 2nd complete molecular response 
after restarting treatment with increased doses or newer 
generation TKI. The prospective practical importance of 
the study is to highlight the priority options for CML man-
agement by assessing the risk and patterns of molecular re-
lapses in patients with complete molecular response after 
discontinuation of TKI therapy. Chapter V describes infec-
tion of COVID-19 in patients with CML – impediments and 
managerial options, the results of their treatment. The stud-
ies reflected in the monograph indicated the predominance 
of COVID-19 in CML patients of working age, caused by 
immunocompromised status and comorbidities. COVID-19 
frequently affects unvaccinated CML patients who are male 
and older than the average age of CML patients. SARS-CoV-2 
infection is recorded more frequently in CML patients than 
in the general population, but less frequently than in other 
malignant hemopathies, not being influenced by the Sokal 
score. The last compartment includes clinical cases, which 
will allow students, residents, PhD students and trainee 
doctors to evaluate their acquired knowledge. All the goals 
outlined in the monograph, thus, have been achieved.

I would like to conclude that the monograph Chron-
ic myeloid leukemia: contemporary insights into the 
epidemiological, clinical-biological profile, diagnosis 
and treatment, represents a mature, actual and finalized 
scientific-methodical work, with potentially beneficial im-
pact on teaching, curative and research activities within 
the medical and academic community. It reflects the author 
experience with long-term activity and special professional 
training. His own experience and careful narrative study of 
the monograph allowed him to propose both the scientific 
opinions and a synthesis of contemporary views on the re-
searched problem.

Valentin Țurea, MD, PhD
University professor,
Head of Pediatric Hematology Clinic,
Nicolae Testemițanu State University of Medicine 
and Pharmacy.
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