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International Epilepsy Day (IED) is celebrated in 
February every year since 2015. The goal of 
establishing the MDE is to raise awareness and level of 
understanding of the challenges faced by people with 
epilepsy in order to provide them with the best 
possible care and support that will improve their 
quality of life. The theme of this year’s IED is “My 
Epilepsy Journey”. 

Međunarodni dan epilepsije (MDE) obeležava se u 
februaru svake godine, od 2015. godine. Cilj 
uspostavljanja MDE je podizanje svesti i nivoa 
razumevanja izazova sa kojima se suočavaju oboleli od 
epilepsije kako bi im se obezbedila najbolja moguća 
nega i podrška koja će im poboljšati kvalitet života. 
Tema ovogodišnjeg MDE je „Moje putovanje sa 
epilepsijom”. 
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Abstract 
 
Background/Aim. Low-dose Karl iterative reconstruction 
(KIR) is a commonly used technique in medical imaging. An 
iterative algorithm reduces the dose of X-ray radiation while 
ensuring image quality, making it a safer and more conven-
ient imaging method. The aim of the study was to analyze 
the assessment value of low-dose KIR for the lung structure 
of patients with chronic obstructive pulmonary disease 
(COPD). Methods. The study included a total of 135 
COPD patients undergoing bronchoscopic biopsy from 
August 2022 to July 2023. Low-dose KIR was conducted. 
Two groups were formed according to the lung structure 
examined by bronchoscopic biopsy: an airway remodeling 
group and a non-airway remodeling group. The examination 
indicators of low-dose KIR were compared. Receiver oper-
ating characteristic curves were plotted to analyze the clini-
cal value of low-dose KIR for assessing the lung structure. 
Results. According to the examination results of chest X-
ray, airway remodeling was done in 85 out of 135 (62.96%) 
COPD patients. The sensitivities, specificities, and areas 
under the curves of computed tomography value, noise val-
ue, signal-to-noise ratio, and contrast-to-noise ratio were 
0.976 vs. 0.965 vs. 0.953 vs. 0.980, 0.960 vs. 0.940 vs. 0.927 
vs. 0.753, and 0.623 vs. 0.643 vs. 0.670 vs. 0.640, respective-
ly. Conclusion. Low-dose KIR proved to be a very accu-
rate and fast method for the quantitative study of lung 
structure in COPD patients. 
 
Key words:  
airway remodeling; algorithms; tomography, x-ray 
computed; diagnostic techniques and procedures; 
pulmonary disease, chronic obstructive.

Apstrakt 
 
Uvod/Cilj. Karlova iterativna rekonstrukcija (KIR) niskom 
dozom je tehnika koja se često koristi u medicinskom 
snimanju. Iterativni algoritam smanjuje dozu rendgenskog 
zračenja istovremeno osiguravajući kvalitet slike, što ga čini 
sigurnijom i pogodnijom metodom snimanja. Cilj rada bio je 
da se analizira vrednost procene niskodozne KIR za strukturu 
pluća obolelih od hronične opstruktivne bolesti pluća 
(HOBP). Metode. Studijom je obuhvaćeno ukupno 135 
obolelih od HOBP podvrgnutih bronhoskopskoj biopsiji od 
avgusta 2022. do jula 2023. godine. Sprovedena je niskodozna 
KIR. Formirane su dve grupe prema strukturi pluća ispitanih 
bronhoskopskom biopsijom: grupa za remodelovanje disajnih 
puteva i grupa bez remodelovanja disajnih puteva. Upoređeni 
su indikatori ispitivanja KIR niskim dozama. Za analizu 
kliničkog značaja niskodozne KIR u proceni strukture pluća 
korišćene su receiver operating characteristic krive. Rezultati. 
Prema rezultatima ispitivanja rendgenskog snimka grudnog 
koša, remodeliranje disajnih puteva  urađeno je kod 85 od 135 
(62,96%) obolelih od HOBP. Senzitivnost, specifičnost i 
površina ispod krive vrednosti kompjuterizovane tomografije, 
vrednosti šuma, odnosa signal-šum i odnosa kontrast-šum 
iznosile su 0,976 vs. 0,965 vs. 0,953 vs. 0,980, 0,960 vs. 0,940 
vs. 0,927 vs. 0,753, i 0,623 vs. 0,643 vs. 0,670 vs. 0,640, 
redom. Zaključak. Niskodozna KIR se pokazala kao veoma 
precizna i brza metoda za kvantitativno proučavanje strukture 
pluća kod obolelih od HOBP. 
 
Ključne reči: 
disajni putevi, remodeliranje; algoritmi; tomografija, 
kompjuterizovana, rendgenska; dijagnostičke tehnike i 
procedure; pluća, opstruktivna bolest, hronična.
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Introduction 

Chronic obstructive pulmonary disease (COPD) is a 
common and devastating lung condition characterized by 
incomplete reversible airflow limitation 1, 2. The morbidity 
rate of COPD is very high globally 3. The risk factors for 
COPD include smoking, air pollution, occupational expo-
sure, etc. Structural changes in the lungs are an important 
part of the pathophysiological process of COPD 4, includ-
ing airway wall inflammation and mucus hypersecretion, 
airway remodeling (AR)-induced airway structural chang-
es, and pulmonary emphysema-induced alveolar destruc-
tion. 

AR in COPD patients is associated with disease se-
verity 5, which has a complex mechanism and causes great 
harm. Therefore, it is important to assess whether AR oc-
curs in COPD patients in order to improve their quality of 
life and prognosis. In routine clinical practice, AR in 
COPD patients is assessed by lung function tests, high-
resolution computed tomography (CT), bronchoscopy, and 
histopathological examination. Both early diagnosis and 
standardized treatment are essential for ameliorating the 
prognosis of COPD patients. 

Low-dose Karl iterative reconstruction (KIR) is a 
commonly used technique in medical imaging. An iterative 
algorithm reduces the dose of X-ray radiation while ensur-
ing image quality, making it a safer and more convenient 
imaging method. 

The aim of this study was to assess the effect of low-
dose KIR on the lung structure of COPD patients in order 
to explore its diagnostic value for structural changes. 

Methods 

A total of 135 COPD patients undergoing broncho-
scopic biopsy from August 2022 to July 2023 were re-
cruited. Low-dose KIR was performed for all patients. 
There were 89 male and 46 female patients aged 56–84 
years, with a mean age of 70.39 ± 13.82 years. Among 
them, 63 patients had a smoking history, 55 had occupa-
tional exposure (harmful gases or dust in the work envi-
ronment), and 39 had a family history (similar diseases in 
the family). Meanwhile, 62 cases were complicated with 
cardiovascular diseases, 71 had diabetes mellitus, and 59 
had a history of cardiovascular disease. This study was ap-
proved by the local Ethics Committee, the First Hospital of 
Jiaxing, Jiaxing, Zhejiang Province, China (from August 6, 
2022). 

 
Inclusion and exclusion criteria 
 
Inclusion criteria were as follows: patients who met 

the diagnostic criteria for COPD in the Global Initiative 
for Chronic Obstructive Lung Disease Global Strategy for 
the Diagnosis, Management, and Prevention of Chronic 
Obstructive Pulmonary Disease 2018 6, i.e., without any 
other diseases that may cause lung volume changes, such 
as chest deformity; those with forced expiratory volume in 

1 second (FEV1)/forced vital capacity (FVC) – FEV1/FVC 
< 0.70 after inhalation of bronchodilators; those with very 
clear and complete dual-gas phase CT images of the chest 
and very clear images of the lung tissue; those who signed 
the informed consent form. 

Exclusion criteria were as follows: patients with poor 
cooperation or blurred images; those with conditions that 
may affect the lung volume, including a history of lung 
surgery (such as lobectomy or segmentectomy) or morpho-
logical abnormalities of the chest; those with tumors or 
tumor-like lesions in the lungs; those with diseases that 
may affect CT scan results, such as infections in most of 
the lungs, severe atelectasis, or lung consolidation; those 
with more severe health problems, such as heart-, liver-, or 
kidney-related diseases. 

 
Low-dose Karl iterative reconstruction 
 
The examination method and purpose were explained 

to the patients in detail before they signed the informed 
consent form. Prior to the examination, the patients were 
guided to receive breathing training until meeting the re-
quirements in the scan, and they were instructed to hold 
their breath by command at the end of deep inspiration and 
deep expiration. CT scanner uCT-760 128-slice spiral 
(Shanghai United Imaging Healthcare Co., Ltd., China) 
was used. 

The scanning conditions and parameters were as fol-
lows: for the routine dose – tube voltage of 120 kV, tube 
current of 150 mA, 40 mm collimation, pitch of 1.0875, 
0.5 s/r, 5 mm slice thickness, 1-mm thin-slice reconstruc-
tion on inspiratory and expiratory phase images, field of 
view of 35 mm, and 1024 × 1024 matrix; under a low dose 
– tube voltage of 120 kV, tube current of 80 mA, 40 mm 
collimation, pitch of 1.0875, 0.5 s/r, 5 mm slice thickness, 
1-mm thin-slice reconstruction on inspiratory and expira-
tory phase images, field of view of 35 mm, and 1024 × 
1024 matrix. 

The patient held the head with both hands facing for-
ward in a supine position, and the whole lung was scanned 
after breath-holding at the end of deep inspiration and 
deep expiration. The scanning range was consistent. 

 
Examination parameters of low-dose Karl iterative 
reconstruction 
 
All images were imported into the “digital lung” test 

platform for lobe segmentation and bronchus quantifica-
tion. Lobe segmentation procedures are described in the 
text that follows. The whole lung tissue was extracted us-
ing the adaptive border marching method. Interlobular fis-
sures were detected and segmented by computational ge-
ometry, and the implicit function method was used for 
segmenting a few interlobular fissures. Bronchus quanti-
tative analysis software had been verified, automatically 
extracting the bronchial skeleton and measuring quantita-
tive indicators required by the skeleton extraction algo-
rithm when used for bronchus segmentation. To be specif-
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ic, following lobe segmentation, the quantitative data, in-
cluding the whole lung volume, volumes less than -910 
Hounsfield units (HU) and -950 HU in both lungs, per-
centage of total lung area occupied by low attenuation ar-
ea – LAA (LAA-950%, LAA-910%), emphysema index, 
and mean lung density, were measured. The quantitative 
indicators, including the number, length, and volume of 
bronchi, were obtained using the bronchus quantitative 
analysis software. 

 
Evaluation of airway remodeling in COPD patients 
undergoing bronchoscopic biopsy 
 
The airway wall thickness was measured to assess 

whether it was beyond the normal range. The morphology 
and arrangement of epithelial cells, as well as stromal 
changes, were observed. The collagen content and distri-
bution were detected. The number and distribution of 
smooth muscle cells were observed. The type and number 
of inflammatory cells were assessed. 

 
Statistical analysis 
 
SPSS 26.0 software was used for statistical analy-

sis. All measurement data were analyzed using the 
Shapiro-Wilk normality test. The normally distributed 
measurement data were described by mean ± standard 
deviation and compared by the independent-samples t-

test between the two groups. Count data were described 
by percentages and analyzed using the Chi-square test. 
Receiver operating characteristic (ROC) curves were 
plotted to detect the clinical value of low-dose KIR for 
assessing the lung structure by the area under the curve 
(AUC): AUC ≤ 0.50 – no assessment value; 0.50 < AUC 
≤ 0.70 – low assessment value; 0.70 < AUC ≤ 0.90 – 
medium assessment value; AUC > 0.90 – high assess-
ment value. The value of p < 0.05 was considered statis-
tically significant. 

Results 

Bronchoscopic biopsy showed that AR occurred in 85 
out of 135 (62.96%) COPD patients. 

There was no significant difference in the general da-
ta between the two groups (p > 0.05) (Table 1). 

The AR group had significantly higher CT value, 
noise value, and signal-to-noise ratio, and a lower con-
trast-to-noise ratio than those of the non-AR group 
(p < 0.05) (Table 2). 

The ROC curves were plotted with the results of 
bronchoscopic biopsy as a state variable (presence of air-
way remodeling = 1, absence of airway remodeling = 0) 
and the criteria for objective evaluation of low-dose KIR 
image quality as a test variable (Figures 1 and 2). The re-
sults revealed that low-dose KIR had a high value for as-
sessing lung structure in COPD patients (Table 3). 

Table 1 
General data of patients with chronic obstructive pulmonary disease 

Variable 
Pathological results by bronchoscopic biopsy 

t/χ2 p 
AR Group (n = 85) non-AR Group (n = 50) 

Age, years 71.32 ± 14.56 69.29 ± 9.89 0.874 0.384 
Gender     

male 63 26 
1.639 0.201 

female 22 24 
Smoking history     

yes 41 22 
0.052 0.821 

no 44 28 
Occupational exposure     

yes 32 23 
0.209 0.648 

no 53 27 
Family history     

yes 15 24 
3.559 0.059 

no 70 26 
Complications with cardiovascular disease     

yes 35 27 
0.477 0.490 

no 50 23 
Complications with diabetes mellitus     

yes 46 25 
0.049 0.825 

no 39 25 
History of cardiovascular diseases     

yes 36 23 
0.039 0.844 

no 49 27 
Values are given as mean ± standard deviation or numbers. 
AR – airway remodeling. 
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Table 2 
Objective evaluation results of low-dose Karl iterative reconstruction image quality 

Lung structural changes in COPD CT value (HU) Noise Signal-to-noise ratio Contrast-to-noise ratio 
Group 
   AR (n = 85) 

 
63.40 ± 9.36 

 
37.61 ± 7.41 

 
2.25 ± 0.80 

 
0.32 ± 0.29 

   non-AR (n = 50) 59.46 ± 7.53 34.04 ± 6.60 1.82 ± 0.43 0.44 ± 0.30 
t 2.532 2.812 3.510 2.292 
p 0.013 0.006 0.001 0.024 

COPD – chronic obstructive pulmonary disease; CT – computed tomography; AR – airway remodeling; HU – Hounsfield unit. 
Values are given as mean ± standard deviation. 

 
Fig. 1 – ROC curve analysis of low-dose Karl iterative reconstruction  

for assessing lung structural changes in COPD patients  
[CT value (HU), noise value, and signal-to-noise ratio]. 

ROC – receiver operating characteristics. For other abbreviations, see Table 2. 
 

 
Fig. 2 – ROC curve analysis of low-dose Karl iterative reconstruction for 

assessing lung structural changes in COPD patients (contrast-to-noise ratio). 
ROC – receiver operating characteristics; COPD – chronic obstructive pulmonary disease. 
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Table 3 
Clinical value of low-dose Karl iterative reconstruction for assessing the lung structure in COPD patients 

Variable Area under the curve 95% CI p Sensitivity Specificity Youden index 
CT value (HU) 0.623 0.530–0.717 0.017 0.976 0.960 0.016 
Noise value 0.643 0.548–0.737 0.006 0.965 0.940 0.025 
Signal-to-noise ratio 0.670 0.581–0.760 0.001 0.953 0.927 0.026 
Contrast-to-noise ratio 0.640 0.547–0.734 0.007 0.980 0.753 0.227 
CI – confidence interval. 
For other abbreviations, see Table 2. 

 
Discussion 

With the aggravation of population aging, the mor-
bidity rate of COPD has also been gradually increasing 7. 
As the CT technique develops continuously, people have 
also had an increasing demand for routine CT examinations 
or diagnosis and determination of the severity of disease 8. 
However, the damage of high radiation doses in CT to 
mental and physical health is inevitable. To address these 
problems, low-dose CT scans have been proposed to reduce 
the radiation dose 9. Nevertheless, the image resolution de-
clines and the image noise increases due to dose reduction, 
affecting the evaluation of the severity of disease and deci-
sion-making on the correct treatment. Iterative reconstruc-
tion has also been widely used, gradually becoming a new 
research hotspot. It is important to reduce the dose without 
compromising the image quality 10. 

Low-dose KIR is an image reconstruction algorithm 
with specific functions. Generally, it is applied in the quan-
titative study of the lung structure in COPD patients. It has 
been verified that the KIR algorithm can be used as a sub-
stitute for routine doses for diagnosing COPD, achieving 
similar diagnostic efficacy to the routine dose 11. 

In this study, the AR group had a higher CT value, 
noise value, and signal-to-noise ratio, and lower contrast-
to-noise ratio than the non-AR group. Thus, low-dose KIR 
had a high value for assessing the lung structure in COPD 
patients. Moreover, the AUCs of CT value, noise value, 
signal-to-noise ratio, and contrast-to-noise ratio were 
0.623, 0.643, 0.670, and 0.640, respectively, suggesting 
high diagnostic values for airway remodeling. 

Low-dose KIR has many advantages in assessing the 
lung structure in COPD patients. For instance, compared 
with traditional CT, the radiation dose significantly de-
clines, weakening the risks and potential hazards to the 
health of patients, especially those who need frequent CT 
examinations 12, 13. The technique is also cost-effective, 
with shorter scanning time and fewer consumables due to 
decreased radiation dose 14. In addition, surgeons and radi-
ologists involved are safe against radiation exposure 15. 
The low-dose KIR with a strong ability of lung structure 
detection in COPD patients can detect AR better by opti-
mizing the image quality and reconstruction algorithm, 
thereby helping doctors assess the lung structure more ac-
curately. Moreover, this technique also allows accurate 
quantitative analysis, which can provide more accurate pa-
rameters of lung structure to help assess disease progres-

sion and monitor the condition changes in COPD 16, 17. 
Meanwhile, this technique can reduce image noise through 
the iterative reconstruction algorithm, and clear images 
can still be acquired at low doses, which is conducive to 
discovering subtle structural changes and displaying lung 
microstructure and lesion characteristics. Through regular 
examinations, doctors can also understand the changes in 
disease conditions to provide a basis for individualized 
treatment 18. 

The low-dose KIR is of great clinical significance for 
assessing the lung structure in COPD patients due to the 
following advantages 19. Firstly, it can provide more de-
tailed and accurate information about the lung structure, as-
sist in early identification and diagnosis of COPD, provide 
a basis for individualized treatment by tracking disease 
progression and monitoring condition changes, guide 
treatment decision-making, determine the outcomes of 
therapeutic regimen, and help predict the prognosis. Sec-
ondly, it causes less radiation damage in order to reduce 
potential risks and improve safety. Thirdly, clearer images 
can be acquired with optimized image quality to facilitate 
diagnosis, provide a more reliable basis for doctors, and 
enhance diagnostic confidence. Finally, it can provide data 
support for related research, improve patient experience, 
and enhance medical quality 20. 

Conclusion 

Low-dose Karl iterative reconstruction has high value 
for assessing lung structure in COPD patients. This method 
not only quantitatively studies the lung structure in COPD 
patients but also determines the health of lung structure in 
COPD patients more comprehensively in combination with 
the actual condition of lung structure. Hence, more targeted 
treatment plans can be developed, the progression of dis-
ease predicted, and individualized suggestions for preven-
tion and healthcare can be given to patients. 
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Abstract 
 
Background/Aim. Diaphragm thickness (DT) has been 
associated with advanced age and adverse outcomes, 
especially in severe conditions such as prolonged 
intubation. The aim of this study was to assess the 
prognosis of elderly patients with thoracic trauma (TT) 
and to investigate DT and psoas muscle thickness as 
potential prognostic indicators. Methods. A 
retrospective study included TT related consultations, 
taken from hospital records, performed between 
November 2015 and January 2021. Demographic data, 
injury characteristics, trauma mechanisms, overall 
survival, etc., were documented. Radiological imaging 
was re-evaluated to measure DT and psoas muscle 
thickness. Results. Among 394 patients, 129 were 
classified as elderly (> 65 years old). The most common 
mechanism of trauma was falls (n = 71), followed by 
pedestrian traffic accidents (n = 16). The overall survival 
of all patients was 43.9 ± 3.6 months, with an 82% two-
year survival rate for elderly patients. DT was 
significantly higher in elderly survivors compared to 
deceased patients (4.0 ± 1.19 mm vs. 3.57 ± 1.0 mm; 
p = 0.015). Conclusion. Decreased DT is associated 
with an increased mortality risk in the elderly population. 
Elderly patients with TT and reduced DT may benefit 
from screening programs for early intervention targeting 
potential contributing factors such as frailty, trauma 
recidivism, and missed cancer screening. Furthermore, 
DT may serve as a potential indicator within a scoring 
system for risk assessment. 
 
Key words:  
aged; biomarkers; diaphragm; frailty; injuries; thorax; 
tomography, x-ray computed. 

Apstrakt 
 
Uvod/Cilj. Debljina dijafragme (DD) povezana je sa 
starijim životnim dobom i neželjenim ishodima, posebno u 
teškim stanjima kao što je prolongirana intubacija. Cilj rada 
bio je da se proceni prognoza kod starijih pacijenata sa 
povredom grudnog koša (PGK) i da se ispitaju DD i 
debljina mišića psoasa kao potencijalni prognostički 
pokazatelji. Metode. Retrospektivna studija je uključivala 
konsultacije u vezi sa PGK, preuzete iz bolničkih kartona, 
obavljene između novembra 2015. i januara 2021. godine. 
Dokumentovani su demografski podaci, karakteristike 
povreda, mehanizmi povreda, ukupno preživljavanje, itd. 
Radiološki snimci su ponovo  procenjivani u cilju merenja 
DD i debljine mišića psoasa. Rezultati. Od ukupno 394 
pacijenata, 129 je svrstano u populaciju starijih osoba (> 65 
godina). Najčešći mehanizam povrede bili su padovi 
(n = 71), a sledili su ih saobraćajne nesreće pešaka (n = 16). 
Ukupno preživljavanje svih pacijenata iznosilo je 43,9 ± 3,6 
meseci, sa stopom dvogodišnjeg preživljavanja od 82% za 
starije pacijente. DD je bila značajno veća kod starijih 
preživelih nego kod preminulih pacijenata  (4,0 ± 1,19 mm 
vs. 3,57 ± 1,0 mm; p = 0,015). Zaključak. Smanjena DD 
povezana je sa povišenim rizikom od mortaliteta u 
populaciji starijih osoba. Starije osobe sa PKG i smanjenom 
DD mogu imati koristi od programa skrininga ranih 
intervencija usmerenih prema potencijalno doprinosećim 
faktorima kao što su slabost, recidivi povreda i propušteni 
skrining na karcinome. Osim toga, DD može služiti kao 
potencijalni pokazatelj u sklopu sistema bodovanja u 
proceni rizika. 
 
Ključne reči: 
stare osobe; biomarkeri; dijafragma; krhkost; povrede; 
toraks; tomografija, kompjuterizovana, rendgenska. 
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Introduction 

The elderly population is rapidly growing in many parts 
of the world, including developing nations. Correspondingly, 
their representation in various medical conditions is also on 
the rise 1. In cases of trauma, elderly patients (EPs) are 
overrepresented, and these numbers are expected to rise 
further. This highlights the need for updates in guidelines to 
ensure effective triage and specialized care 2. 

Age is recognized as a crucial prognostic factor in 
trauma patients, along with trauma severity and 
comorbidities; however, age dichotomies have been found to 
be unreliable at times. This indicates the need for additional, 
easily obtainable markers to facilitate a more comprehensive 
assessment of impaired physiological reserve or frailty 1, 2. 

Frailty has emerged as a more comprehensive 
assessment of functional reserves than age stratification alone. 
Notably, up to one-third of adults over 85 years old were 
found to be non-frail despite their advanced age. On the other 
hand, increased frailty is consistently associated with adverse 
outcomes following various stressor events such as cancer 
diagnosis, surgery, infection, and trauma 1. However, the 
measurement of frailty is a relatively complex process 
involving the use of several scoring modalities and 
specialized equipment for assessments such as grip strength 3. 

Sarcopenia, characterized by the progressive loss of 
skeletal muscle mass, strength, and power, is a key 
component of frailty 1, 3. It overlaps with frailty scores and 
clinical outcomes. Various methods can be used to assess 
sarcopenia, but currently, there is no consensus on a gold 
standard method. Proposed methods include measuring psoas 
muscle (PM) thickness – PMT, PM index, and skeletal 
muscle mass at different thoracic and lumbar vertebral 
levels, all showing strong correlations with different 
outcomes 4–6. Additionally, diaphragm thickness (DT) has 
been associated with advanced age and adverse outcomes, 
such as prolonged intubation, both clinically and in 
experimental settings 7. While some sarcopenia 
measurements require specialized software, the measurement 
of DT via computerized tomography (CT) scans has been 
shown to be reproducible and clinically relevant 8. 

Thoracic trauma (TT) in the elderly is expected to 
become a significant public health burden, both as isolated 
cases and as part of multi-trauma situations. TT places 
additional stress on the physiologic reserve of patients due to 
impaired respiratory dynamics, clearance of secretions, pain, 
and restricted mobility. Therefore, EPs with TT may 
represent a particularly vulnerable population for worse 
outcomes. 

The aim of this study was to assess DT and PMT and 
evaluate their association with clinical outcomes and overall 
mortality in patients presenting to the emergency room (ER) 
with TT. 

Methods 

All thoracic surgery consultations from the ER between 
November 2015 and January 2021 were collected from 

hospital electronic medical records (EMR). Trauma-related 
consultations were identified using both the contents of 
consultation requests and the International Classification of 
Diseases (ICD) coding information. Cases were confirmed 
through clinical and radiological data from the EMR before 
inclusion. Patients under active cancer treatment and those 
with injuries directly affecting the measurement area (e.g., 
retroperitoneal hematoma) were excluded. Mortality data 
were obtained from the central health ministry death registry, 
which is also integrated into the hospital EMR. EPs were 
defined as those aged > 65 years. 

The study design is non-interventional and, it was 
conducted with the approval of the Ethics Committee of the 
Istanbul Medeniyet University Goztepe Education and 
Research Hospital (No. 2021/0051, from January 27, 2021). 
All patients consented to using their anonymized data for 
scientific purposes. 

Demographic information, disposition type (admission, 
admitting department, discharge from the ER), length of 
hospital stay, type of thoracic injury, surgical procedures, 
overall mortality, and survival after the ER presentation were 
recorded. 

All multi-slice thoracic and abdominal CT 
examinations were conducted using a 64-detector CT 
scanner (GE Optima CT660 GE Healthcare, Milwaukee, WI) 
with or without intravenous contrast medium, employing a 
trauma protocol. The CT image data were collected using a 
GE system equipped with a 512 × 512 matrix detector. 

Helical scanning was performed in the supine position 
without gantry angulation, covering the region from the lung 
apices to the symphysis. Images were acquired with a 24 × 
1.2 mm acquisition, slice collimation of 1.2 mm, slice width 
of 2.5 mm, pitch of 0.98, 120 kV, and 75 mAs. Axial 
imaging data were post-processed using a GE workstation 
(GE Healthcare, Milwaukee, Wisconsin, USA), and 1.25 mm 
coronal and sagittal reconstructions were generated. Chest 
and abdominal CT scans were retrospectively re-evaluated, 
and measurement data were obtained by a radiologist (board-
certified with 15 years of experience) who was blinded to the 
clinical data. 

PMT was defined as the largest transverse diameter of 
PM perpendicular to the longest diameter (anterior-posterior 
oblique) of PM at the level of the transverse process of the 
third lumbar vertebra. Maximum DT at the level of the origin 
of the celiac artery, identified as the most reliable single 
measurement point on axial CT images, was performed 
(Figure 1). PMT and DT were measured bilaterally using the 
Radx PACS system (Simplex Radx 3D). 

The data were analyzed using SPSS 23.0 software. 
Mean, standard deviation, and median values were calculated 
as appropriate. The distribution of variables was assessed 
using the Shapiro-Wilk test. The Mann-Whitney U test was 
employed for non-parametric testing. The Chi-Square test 
was utilized for quantitative assessment when conditions were 
met; otherwise, Fisher’s exact test was performed. A p-value 
< 0.05 was considered statistically significant. Cox regression 
analysis was conducted to ascertain the relationship between 
different variables and survival. 



Vol. 82, No. 2 VOJNOSANITETSKI PREGLED Page 81 

Tekin ZN, Bilgi Z. Vojnosanit Pregl 2025; 82(2): 79–85. 

 
Fig. 1 – Axial contrast-enhanced computed tomography 

images of 34-year-old male (A, B) and 74-year-old female  
(C, D) patients showing measurements of maximum 

diaphragm thickness (A, C) at the celiac artery origin level  
and psoas muscle diameter (B, D) at the level of L3 vertebra  

(marked by yellow arrows). 
 
Results 

A total of 394 thoracic surgery consultations were 
identified in the ER due to trauma between November 2015 
and January 2021. Of these cases, 129 involved EPs aged 65 
years or older. Patient characteristics are shown in Table 1. 
There was a statistically significant difference between the 

appearance of pneumothorax and pulmonary contusion. 
However, the distribution of hemothorax, sternal fracture, 
and overall multi-trauma rates were comparable between EPs 
and non-EPs. EPs were less likely to be admitted to in-
patient wards, but the need for intensive care was similar. 
The distribution of types of in-patient wards and length of 
hospital stay in case of admission are summarized in Table 1.

 

Table 1 
Characteristics of patients with thoracic trauma 

Characteristic 
Patients 

p-value total 
(n=394) 

elderly 
(n=129) 

non-elderly 
(n=265) 

Age (years) 51.6 ± 21.8 77.6 ± 8.1 38.9 ± 13.7 n/a 
Gender (m/f) 280/114 67/62 213/52 0.000 
Multitrauma (y/n) 107/287 29/100 78/187 0.14 
Inpatient admission (y/n) 228/165 53/75 175/90 < 0.001 
Intensive care unit stay (y/n) 45/349 14/115 31/234 0.80 
Length of hospital stay (days)  7.7 ± 7.9 6.9 ± 5.7 7.9 ± 8.5 0.69 
Admission     

orthopedics (y/n) 35/359 7/122 28/237 0.09 
neurosurgery (y/n) 27/369 9/120 18/247 0.94 
general surgery (y/n) 22/372 0/129 22/246 0.001 

Pneumothorax (y/n) 97/297 15/114 82/183 0.001 
Hemothorax (y/n) 87/307 27/102 60/205 0.70 
Sternum facture (y/n) 16/378 6/123 10/255 0.67 
Pulmonary contusion (y/n) 59/335 8/121 51/214 0.001 
Thoracic procedure (y/n) 64/330 9/120 55/210 0.001 
Non-thoracic procedure (y/n) 18/376 5/124 13/252 0.64 
Overall mortality (y/n) 76/318 57/72 19/246 < 0.001 
Overall survival (estimate, month) 61.1 ± 1.3 43.9 ± 2.84 69.0 ± 1.1 < 0.001 
Diaphragm thickness (mm) 4.3 ± 1.3 3.8 ± 1.14 4.5 ± 1.3 < 0.001 
Psoas muscle thickness* (mm) 28.4 ± 7.7 21.9 ± 6.6 30.6 ± 6.7 < 0.001 

n/a – not applicable; n – number; m/f – male/female; y/n – yes/no. 
Values are given as numbers or mean ± standard deviation. 
*59 elderly and 59 non-elderly patients did not have psoas muscle thickness data as they did 
not undergo an abdominal computed tomography scan during the emergency room care.
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EPs were less likely to undergo a thoracic procedure 
(such as tube thoracostomy or rib fixation) compared to their 
non-elderly counterparts. However, the rate of non-thoracic 
procedures (such as orthopedic or general surgery) was 
comparable between the two groups. While DT was 
comparable between EPs with and without thoracic 
procedures, PMT was significantly lower in those who 
underwent thoracic procedures (3.7 ± 0.9 mm vs. 
3.8 ± 1.1 mm, p = 0.82 for DT; 4.2 ± 8.3 mm vs. 12.4 ± 12.0 
mm, p = 0.048 for PMT). 

For EPs, both DT and PMT were higher in those who 
had undergone non-thoracic operations compared to those 
who had not (5.3 ± 0.81 mm vs. 3.7 ± 1.11 mm, p = 0.003 for 
DT; 25.5 ± 11.2 mm vs. 11.3 ± 11.7 mm, p = 0.026 for 
PMT). 

Overall survival was significantly worse in the EP 
population compared to non-EPs (43.9 vs. 69.0 months, 
p = 0.00) (Figure 2). Further analysis revealed that ICU 

admission, orthopedic admission, rib fractures, hemothorax, 
and gender were related to overall survival among the entire 
study population (log-rank test). However, after age 
stratification, none of these factors were found to be 
significantly associated with survival in the EP group 
(Table 2). 

The mean PMT and DT were found to be lower in EPs 
than in non-EPs (3.8 ± 1.14 mm vs. 4.5 ± 1.3 mm, p < 0.001 
for PMT; 21.9 ± 6.6 mm vs. 30.6 ± 6.7 mm, p < 0.001 for 
DT). Both PMT and DT were found to be related to overall 
survival among the whole study population and the elderly 
age group. However, the same relationship was not observed 
for the younger cohort (Table 3). DT and PMT according to 
subgroups (survival in relation to age) are shown in Table 4. 
Within EPs, the average PMT had moderate sensitivity and 
specificity for predicting death compared to the average DT 
(area under the curve – AUC = 0.603, p = 0.045 for PMT vs. 
AUC = 0.455, p = 0.379 for DT) (Figure 3). 

 
Fig. 2. – Kaplan-Meier plots for overall survival in patient population according to age group. 

y/n – yes/no. 
 

Table 2  
Kaplan-Meier survival analysis for elderly patients 

Parameter Survival estimate error 95% CI p-value 
Gender (m/f) 42.8 ± 3.6/43.7 ± 4.1 35.0–49.1/35.6–51.9 0.98 
Multitrauma (y/n) 39.3 ± 5.8/44.6 ± 3.1 27.9–50.7/38.3–50.8 0.67 
Intensive care unit stay (y/n) 28.8 ± 7.8/45.7 ± 2.9 13.4–44.1/39.8–51.5 0.059 
Inpatient admission (y/n) 41.9 ± 4.5/45.8 ± 3.6 33.0–50.8/38.7–52.9 0.53 
Neurosurgery admission (y/n) 44.9 ± 9.0/43.9 ± 2.9 27.2–62.7/38.1–49.7 0.93 
Pneumothorax (y/n) 37.4 ± 8.9/44.6 ± 2.9 19.9–55.0/38.8–50.5 0.42 
Hemothorax (y/n) 38.0 ± 4.8/44.1 ± 3.2 28.4–47.6/37.8–50.4 0.86 
Rib fracture (y/n) 45.5 ± 3.0/30.8 ± 7.0 39.6–51.4/17.1–44.6 0.15 
Pulmonary contusion (y/n) 25.4 ± 8.5/44.8 ± 2.9 8.7–42.1/39.1–50.5 0.19 
Thoracic procedure (y/n) 33.4 ± 9.8/44.4 ± 2.9 14.0–52.8/33.6–50.1 0.58 
CI – confidence interval. Values are given as mean ± standard deviation. 



Vol. 82, No. 2 VOJNOSANITETSKI PREGLED Page 83 

Tekin ZN, Bilgi Z. Vojnosanit Pregl 2025; 82(2): 79–85. 

Table 3 
Kaplan-Meier survival analysis for non-elderly patients 

Parameter Survival estimate error 95% CI p-value 
Gender (m/f) 68.4 ± 1.3/69.5 ± 1.7 65.8–70.9/66.1–72.9 0.29 
Multitrauma (y/n) 61.1 ± 2.6/70.7 ± 1.0 58.9–69.2/68.6–72.8 0.019 
Inpatient admission (y/n) 62.7 ± 1.4/70.7 ± 1.5 64.4–70.0/67.6–73 0.22 
Intensive care unit stay (y/n) 61.4 ± 4.9/70.0 ± 1.0 52.7–70.2/67.9–72.1 0.006 
Neurosurgery admission (y/n) 69.4 ± 1.4/68.8 ± 1.1 66.5–72.3/66.5–71.1 0.75 
Pneumothorax (y/n) 68.0 ± 1.9/69.0 ± 1.3 64.1–71.8/66.4–71.6 0.91 
Hemothorax (y/n) 61.4 ± 3.4/70.7 ± 0.9 54.6–68.2/68.9–72.6 < 0.001 
Rib fracture (y/n) 67.3 ± 1.5/70.8 ± 1.2 64.1–70.4/68.3–73.2 0.038 
Pulmonary contusion (y/n) 67.3 ± 2.7/69.1 ± 1.2 61.9–72.6/66.8–71.5 0.86 
Thoracic procedure (y/n) 62.8 ± 2.7/69.6 ± 1.1 57.5–68.1/67.3–71.9 0.20 
CI – confidence interval. Values are given as mean ± standard deviation.  

  
 

Table 4  
Diaphragm and psoas muscle thickness according to subgroups 

Parameter Alive Exitus 
Diaphragm thickness (mm)    

elderly 4.0 ± 1.19** 3.57 ± 1.0** 
non-elderly 4.5 ± 1.3*** 4.6 ± 1.4*** 

Psoas muscle thickness* (mm)   
elderly 10.9 ± 11.9 13.1 ± 12.1 
non-elderly 23.6 ± 14.3 26.7 ± 10.7 

Values are given as mean ± standard deviation. 
*59 elderly and 59 non-elderly patients did not have psoas muscle 
thickness data as they did not undergo an abdominal computed 
tomography scan during the emergency room care; ** Cox regression 
analysis p-value was 0.015 (Exp(B) = 0.72, 95% CI = 0.56–0.93); *** Cox 
regression analysis p-value was 0.07 (Exp(B) = 1.04, 95% CI = 0.76–1.43).  
Exp(B) – odds ratio.  
 
 

A)   B) 
 

Fig. 3 – Receiver operating characteristic curves for average diaphragm thickness (A)  
and psoas muscle thickness (B) in relation to overall mortality. 

 
Discussion 

TT poses a significant public health challenge, 
especially in the elderly population. As life expectancy and 
the proportion of elderly individuals steadily increase, the 

incidence of trauma among the elderly is expected to rise 
accordingly. This trend is not exclusive to trauma cases; the 
unique needs of EPs have been acknowledged across 
various medical specialties and interventions. Discussions 
on this topic emphasize that while age is an important 
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factor, it must be evaluated within the broader context of 
general frailty 1. 

Frailty itself can be challenging for universal screening 
especially in non-acute outpatient settings 9. Parameters like 
grip strength require specialized equipment, while others, 
like the assessment of walking speed, may be difficult to 
accommodate in the ER or inpatient settings 10. On the other 
hand, sarcopenia has been found to correlate with the 
presence and severity of frailty and has been discussed as a 
negative prognostic risk factor in various contexts 4, 11–13. For 
instance, sarcopenia, as measured by the lumbar (L)3-total 
psoas area (TPA)/vertebral body area (VBA) – L3-
TPA/VBA technique on CT, was found to be a worse 
prognostic indicator for spinal surgery performed for 
metastatic lesions, whereas frailty assessment failed to 
predict adverse outcomes in this patient population 4. 
Additionally, sarcopenia defined using PM area as a 
surrogate marker was a stronger predictive factor for 
suboptimal outcomes after spinal metastasis surgery 
compared to other well-known scoring systems such as the 
Karnofsky score 5. 

Age bias in patient selection for surgery has been a 
topic of discussion, particularly in oncologic cases. EPs 
undergoing lung resection often face higher mortality and 
morbidity rates and lower survival benefits 14. However, 
this issue could potentially be addressed by establishing 
high-volume centers equipped with multidisciplinary care 
and offering minimally invasive surgical techniques 15, 16. In 
both oncologic and non-oncologic contexts, EPs have been 
observed to receive less aggressive treatment, such as for-
going surgery for neoplastic and non-neoplastic indications 
or adjuvant chemotherapy, leading to suboptimal outcomes. 
Despite evidence suggesting that factors beyond age alone 
influence these outcomes, there is still a tendency towards 
age-based classification rather than a more holistic ap-
proach 17–21. In our study, we found that EPs undergoing 
non-thoracic post-traumatic operations tended to have pre-
served muscle mass, possibly indicating a surgical selection 
bias favoring less frail patients, which could lead to better 
short-term outcomes. However, this pattern was not ob-
served for thoracic procedures, which mainly included tube 
thoracostomy and video-assisted thoracic surgery for he-
mostasis and lung expansion. These procedures are often 
more time-sensitive than the non-thoracic operations cap-
tured in our database, such as long bone fixation or verte-
bral instrumentation. 

Life expectancy steadily increased in both developed 
and developing countries. For instance, the average life ex-
pectancy for individuals above 65 years is currently estimat-
ed to be 20–30 years longer in the United Kingdom 20. How-
ever, our observations in this article indicate that EPs with 
TT continue to face an increased risk of mortality compared 
to the crude death rate for their demographic group 21–23. This 
increased risk persists even though these patients were ini-
tially well enough to be discharged from the ER after obser-
vation or an inpatient stay. The overall two-year survival rate 

for EPs was 82%, despite our study excluding patients re-
ceiving treatment for malignancy. 

Decreased DT has been identified as a useful marker for 
predicting difficulty in weaning from invasive mechanical 
ventilation 24, 25. It has also been weakly associated with pe-
ripheral muscle wasting in the acute term 24. In chronic dis-
eases such as autoimmune conditions 26, chronic renal fail-
ure 27, muscular degeneration 28, and chronic obstructive 
pulmonary disease - COPD 29, changes in DT and morpholo-
gy have been documented and linked to functional impair-
ment, mortality, and morbidity. Similar relationships have 
been observed for PM measurements. Therefore, in this 
study, we focused on DT and PMT measured during post-
trauma diagnostic work-up CT scans of these patients to 
gather additional information. 

CT evaluation of these parameters has been shown to 
be reliable and reproducible in the literature 30, 31, requiring 
no additional resources beyond those already needed for the 
standard of care. Our findings suggest that although EPs, 
on average, have thinner diaphragms, subgroup analysis 
within the elderly population still revealed significant asso-
ciations with mortality risk. Thus, DT can serve as a useful 
surrogate marker for frailty/sarcopenia. Further studies on 
larger populations are warranted to assess its full prognos-
tic potential, as this measurement is straightforward to ob-
tain and requires minimal additional effort, resources, or 
testing beyond the current clinical work-up protocols. 

The limitations of this study include a relatively small 
number of cases and the fact that it was conducted at a single 
center. Although mortality data is automated and updated in 
real-time across the universal single-payer social security 
system, accurate determination of mortality cause was chal-
lenging in a retrospective setting. Additionally, PMT was not 
evaluated in all patients since there was no intervention be-
yond the standard of care assessment. 

Conclusion 

Elderly patients presenting to the emergency room 
with thoracic trauma face a higher risk of adverse long-
term prognosis compared to the average population. This 
subgroup may benefit from screening for probable causes 
of mortality. Defining this subgroup could be enhanced by 
incorporating surrogate sarcopenia markers, such as 
diaphragm thickness or psoas muscle thickness, which can 
be easily obtained without additional testing beyond 
standard care in a trauma setting. Further studies with 
larger case numbers are needed to determine optimal 
cutoff points or develop scoring systems to identify 
vulnerable patients for referral to rehabilitation, social 
services for mobility issues, medical optimization, or 
cancer screening. 
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Abstract 
 
Background/Aim. Breast cancer is a leading global health 
concern. Contrast-enhanced mammography (CEM) pre-
sents a promising advancement in early breast cancer detec-
tion, excelling in sensitivity, specificity, and cost-
effectiveness. The aim of the study was to assess the overall 
diagnostic efficacy of CEM in breast cancer screening, par-
ticularly in distinguishing benign from malignant lesions in 
dense breasts. Methods. A two-year retrospective study 
was conducted at the Center for Radiology, including a total 
of 279 women undergoing CEM following standard mam-
mography. Results. CEM demonstrated high sensitivity 
(92.4%), specificity (75.1%), and a noteworthy negative pre-
dictive value of 97.0%, significantly reducing unnecessary 
biopsies. Conclusion. CEM is a valuable screening tool, of-
fering enhanced diagnostic capabilities and the potential to 
reduce the number of unnecessary biopsies.  It is particular-
ly beneficial for patients with dense breasts or inconclusive 
traditional mammography results. 
 
Key words:  
breast cancer; diagnosis; differential diagnosis; 
mammography; mass screening; sensitivity and 
specificity; ultrasonography, mammary.

Apstrakt 
 
Uvod/Cilj. Karcinom dojke je vodeći globalni zdravstveni 
problem. Kontrastna mamografija (KM) koju odlikuje 
osetljivost, specifičnost i ekonomičnost predstavlja obećava-
jući napredak u ranom otkrivanju karcinoma dojke. Cilj rada 
bio je da se utvrdi  ukupna dijagnostička efikasnost KM u 
skriningu karcinoma dojke, posebno  u razlikovanju be-
nignih od malignih lezija dojki čije tkivo je „gusto“. 
Metode. Retrospektivnom studijom,  sprovedenom tokom 
dve godine u Centru za radiologiju, obuhvaćeno je 279 žena, 
kojima je posle standardne mamografije urađena KM. Re-
zultati. Primenom KM utvrđeni su visoka osetljivost 
(92,4%), specifičnost (75,1%) i značajna negativna pred-
iktivna vrednost od 97,0%, što je značajno smanjilo broj 
nepotrebnih biopsija. Zaključak.  KM je dragocena alatka 
za skrining, koja omogućava poboljšane dijagnostičke mo-
gućnosti i potencijal da se smanji broj nepotrebnih biopsija.  
Posebno je korisna za bolesnice čije dojke imaju „gusto“ tki-
vo ili kod neuverljivih rezultata tradicionalne mamografije. 
 
Ključne reči: 
dojka, neoplazme; dijagnoza; dijagnoza, diferencijalna;  
skrining; senzitivnost i specifičnost; ultrasonografija, 
dojka. 

 

Introduction 

Breast cancer (BC) is a leading cause of cancer-related 
death among women globally. It presents a significant chal-
lenge in early detection and treatment and remains one of the 
most prevalent cancers worldwide, significantly affecting 
women’s health across all demographics. According to the 
World Health Organization (WHO), BC accounts for approx-
imately 12% of all new annual cancer cases globally 1. The 
American Cancer Society reports that in the United States 
alone, an estimated 287,850 new cases of invasive BC were 

expected to be diagnosed in women in 2021, alongside 51,400 
new cases of non-invasive (in situ) BC 2. These statistics high-
light the widespread nature of this disease and the critical im-
portance of early detection and effective treatment strategies. 
The five-year relative survival rate for localized BC is 99%. 
However, this rate drops to 86% for regional spread (to nearby 
structures or lymph nodes) and plummets to 28% for distant 
spread (metastasized cancer) 3. These figures underscore the 
urgent need for access to early treatment and advancements in 
diagnostic technologies, such as contrast-enhanced mammog-
raphy (CEM), to improve early detection rates, particularly in 

https://doi.org/10.2298/VSP240606005N


Vol. 82, No. 2 VOJNOSANITETSKI PREGLED Page 87 

Nićiforović D, et al. Vojnosanit Pregl 2025; 82(2): 86–93. 

populations at higher risk, including those women with dense 
breast (DB) tissue. 

Traditional mammography has been the cornerstone of 
BC screening for decades, significantly contributing to re-
duced mortality rates through early detection. However, its 
sensitivity is compromised in women with DB tissue, where 
the fibroglandular tissue can obscure cancerous lesions, lead-
ing to a higher rate of missed diagnoses 4. Despite its wide-
spread use, the limitations of mammography highlight the 
need for complementary or alternative imaging techniques to 
enhance detection rates, especially in this subgroup of patients.  
While breast ultrasound (US) is frequently used as an adjunct 
to mammography, increasing the detection rate of BCs, partic-
ularly in DBs, it also has a higher false-positive rate, leading to 
more frequent and often unnecessary biopsies 5. 

Breast magnetic resonance imaging (MRI) offers high 
sensitivity and is particularly useful for screening high-risk 
populations and assessing the extent of disease in known can-
cer cases. Its ability to provide detailed images without ioniz-
ing radiation is a significant advantage. However, the high 
cost, limited availability, and contraindications for some pa-
tients (e.g., those with certain implants or claustrophobia) re-
strict its routine use in the general population 6. 

CEM represents a significant advancement in breast imag-
ing technology, offering enhanced diagnostic capabilities, par-
ticularly in DB tissue 7. CEM utilizes a dual-energy imaging 
technique performed after the intravenous administration of an 
iodinated contrast agent 8. The process involves acquiring low- 
and high-energy images in rapid succession: the low-energy 
images are comparable to standard mammography, while the 
high-energy images are more sensitive to the contrast agent 9. 
This dual-energy approach allows radiologists to isolate and 
highlight areas with increased contrast uptake, typically indica-
tive of malignant tissue due to higher blood supply 10. 

CEM has demonstrated its utility in detecting cancers not 
visible on standard mammograms, distinguishing benign from 
malignant lesions, and ultimately reducing unnecessary biop-
sies 11. Besides detecting cancers in DBs and high-risk pa-
tients, another important indication for CEM is its use in the 
preoperative assessment of known BC to determine accurately 
the extent of disease. CEM has proven effective in identifying 
multifocal, multicentric, and contralateral diseases, which are 
critical factors in treatment planning 12. Additionally, CEM is 
useful in monitoring responses to neoadjuvant chemotherapy, 
allowing clinicians to assess tumor response and residual dis-
ease, influencing surgical decisions and further treatment 
planning 11. 

Compared to traditional digital mammography (DM), 
CEM offers superior sensitivity and specificity, especially in 
DB tissue. This is crucial for early BC detection, leading to po-
tentially better treatment outcomes 13. It also aids in differenti-
ating benign from malignant lesions, which can reduce unnec-
essary procedures and patient anxiety 14. Compared to breast 
MRI, CEM is more cost-effective, widely accessible, and less 
time-consuming, making it an attractive alternative in many 
healthcare settings 12. Both CEM and breast MRI play vital 
roles in BC imaging. MRI remains the gold standard for 
screening high-risk populations and evaluating DB tissue, of-

fering unparalleled sensitivity for detecting small lesions, es-
pecially in women with DBs. However, MRI can be more ex-
pensive and less widely available than CEM and requires more 
time and specialized equipment. 

While it involves radiation exposure, CEM is faster, 
more cost-effective, and widely available. It has been shown to 
have higher specificity than breast MRI, reducing the likeli-
hood of false positives and unnecessary biopsies 15. Moreover, 
CEM can be more comfortable for patients since it does not 
require the prolonged prone positioning and confinement asso-
ciated with MRI. In patients who cannot undergo MRI due to 
contraindications, such as claustrophobia, the presence of cer-
tain implants, or limited availability, CEM can serve as a valu-
able alternative 16. 

Despite its many advantages, CEM does come with limi-
tations. While it involves additional radiation exposure com-
pared to standard mammography, the risk is generally consid-
ered low, though it remains a factor for patients requiring fre-
quent imaging 8. Using iodinated contrast agents can cause al-
lergic reactions in some individuals, though severe reactions 
are rare 17. Furthermore, CEM requires specialized equipment 
and trained personnel, and its accessibility can be limited in 
certain regions due to the costs involved 18. Patients with im-
paired renal function are at higher risk for nephropathy, given 
the use of iodinated contrast agents 19.  

The aim of the study was to assess the capability of CEM 
in decreasing the frequency of biopsies following screening 
recalls and to evaluate the overall diagnostic value of CEM in 
BC screening. 

Methods 

This retrospective study was conducted at the Center for 
Radiology, University Clinical Center of Vojvodina, Serbia, be-
tween December 2021 and December 2023. The study included 
279 women who underwent CEM following standard 2D 
mammography. The study was approved by the Ethics Com-
mittee of the University Clinical Center of Vojvodina (No. 00–
43, February 9, 2024). Participants were selected based on their 
recall from the initial national and opportune screening mam-
mography, indicating the need for further evaluation. All CEM 
procedures were performed using the Hologic Selenia® Dimen-
sions® 3D machine. Standard protocol in image acquisition was 
followed: after a standard 2D mammography in mediolateral 
oblique and craniocaudal projections of both breasts, which 
urged further workup, CEM was performed in all patients, with 
intravenous application of a low-osmolarity iodine-based con-
trast material (OmnipaqueTM) in the total volume of 1.5 mL/kg 
of body weight (not more than 150 mL) with the use of an in-
jector, with an injection rate of 2–3 mL/sec, followed by a sa-
line flush. Image acquisition began about 2–2.5 min after con-
trast material injection, in standard craniocaudal and mediola-
teral views, first of the symptomatic breast, followed by the 
presumably healthy breast. Both low- and high-energy images 
were obtained in quick succession while the breast remained 
compressed. The whole image acquisition process lasted for 
approximately 6 to 7 min in total. The images were described 
using Breast Imaging Reporting & Data System (BI-RADS) 
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classification, with results BI-RADS ≥ 3 considered positive 
and BI-RADS < 3 negative. Participants initially underwent 
standard 2D mammography. Based on these results, CEM was 
performed for further assessment. In cases where CEM indicat-
ed potential malignancies, patients were referred for biopsy. 
Core biopsy was the method of choice whenever we visualized 
the lesion. If that was not the case, the patient was transferred to 
vacuum-assisted biopsy. Eventually, all the patients were grad-
ed based on BI-RADS. The primary outcomes set for the study 
were the detection rate of BC using CEM and the reduction in 
biopsy rates post-CEM. 

 
Statistical analysis 
 
Statistical analyses were performed to compare the diag-

nostic efficacy of CEM against traditional methods and to 
evaluate the impact of CEM on the decision-making process 
regarding biopsies. From statistical analyses, we utilized cross-
tabulation, binary logistic regression, and receiver operating 
characteristic (ROC) analysis, and determined sensitivity, 
specificity, and negative predictive value. 

Results 

A total of 279 women who underwent CEM, standard 
mammography, and US were analyzed. The average age of all 
participants was 59 years, with the oldest one being 81 years 
old and the youngest 40 years old. 

The mammography findings were pathological (BI-
RADS ≥ 3) in 249 women. A BI-RADS score of 2 was 
found in 30 women, but due to having DBs, they were re-
ferred to additional breast US. US findings were pathologi-
cal (BI-RADS ≥ 3) in 150 women, while the remaining 129 
women had normal results (Figure 1). 

Due to insufficient agreement between mammographic 
and US findings and the need to determine whether biopsies 
were truly necessary for changes characterized by BI-RADS ≥ 
4, CEM was performed in all 279 patients. Among them, 114 
exhibited changes in CEM that raised suspicion of malignant 
alterations, while 165 women had normal CEM findings (neg-
ative CEM, BI-RADS < 3). Employing CEM in these patients 
prevented unnecessary biopsies that would otherwise be indi-
cated by mammography or US (Figure 1). Out of the 114 pa-
tients with positive CEM findings, biopsies were conducted 
for 107 patients. For seven patients with BI-RADS 3 lesions, 
radiologists opted for monitoring and follow-up after three 
months. Core biopsy was performed in 86 women and vacu-
um-assisted biopsy in 23, with both biopsies conducted for 
two patients. 

All patients with negative CEM were followed up on 
six-month intervals and showed stability of findings. His-
topathological findings revealed that 66 women had ma-
lignant changes, while 41 biopsied patients had benign 
changes. This determined that out of a total of 279 women, 
66 had BC, and 213 had benign findings on the breasts 
(Table 1). 

 
Fig. 1 – Structure of the examined group based on radiological imaging results. 

MAMO – mammography; CEM – contrast-enhanced mammography; BI-RADS – Brest  
Imaging Reporting Data System ≥ 3 considered positive; BI-RADS < 3 considered negative. 

All values are given as numbers. 
 

Table 1 
Correlation between breast findings (based on pathohistological  

and radiological imaging) and CEM findings 
Parameter BC BBF Total 
CEM positive 61 53 114 
CEM negative 5 160 165 
Total 66 213 279 
CEM – contrast-enhanced mammography; BC – breast cancer; 
BBF – breast benign finding.  
All values are given as numbers. 
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Out of the 114 women with positive CEM results, 61 
were confirmed to have cancer (Table 1). However, 5 pa-
tients with cancer had normal CEM findings because they 
had ductal carcinoma in situ, presented as microcalcifica-
tions, with no enhancement on CEM or subtle enhancement 
that was misinterpreted as BC. 

The sensitivity of CEM was 92.42%, specificity was 
75.11%, positive predictive value (PPV) was 53.51%, and 
negative predictive value (NPV) was 96.97% (Table 2). 

According to binary logistic regression results, signifi-
cant predictors for the presence of BC were CEM, US, and 
age, with CEM being the strongest predictor. Conventional 
mammography findings were not statistically significant 
(Table 3).  Persons with a positive CEM result were 60 times 
more likely to have BC than those with a negative CEM re-
sult (Exp(B) = 60.07). Through ROC analysis, we deter-
mined that, in terms of age, the cut-off value for the occur-
rence of BC was 55.50 years (Table 4, Figure 2). 

Table 2 
Diagnostic performance of CEM in  

detecting breast cancer 
Measure Value (%) 
Sensitivity 92.42 
Specificity 75.11 
PPV  53.51 
NPV  96.97 

CEM – contrast-enhanced mammography; 
PPV – positive predictive value;  
NPV – negative predictive value.  

 
Table 3 

Prediction of the probability that a patient has breast cancer 

Parameter B S.E. Wald df Sig. Exp(B) 95% CI for Exp(B) 
lower upper 

Age 0.09 0.03 12.40 1 0.00 1.09 1.04 1.14 
MAMO 1.23 0.84 2.15 1 0.14 3.43 0.66 17.86 
US 1.77 0.48 13.60 1 0.00 5.87 2.29 15.03 
CEM 4.09 0.65 39.29 1 0.00 60.07 16.69 216.16 
MAMO – mammography; US – ultrasound; CEM – contrast-enhanced mammography; CI – confidence interval; 
Exp(B) – odds ratio. 
 

Table 4 
Cut-off value of age for the presence of breast cancer 

Parameter AUC p Cut-off Sensitivity Specificity 
Age 0.59 0.03 55.50 years 82.80 % 63.00 % 
AUC – area under the curve. 
 

 
Fig. 2 – Receiver operating characteristic (ROC) curve analysis  

of age for the presence of breast cancer. 
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Discussion 

The results of our study on the diagnostic perfor-
mance of CEM in BC screening provide significant in-
sights, particularly when compared to traditional mam-
mography methods. Our findings indicate a high sensitivi-
ty (92.42%) and a reasonable specificity (75.11%) for 
CEM, alongside a PPV of 53.51% and an NPV of 96.97%. 
It is similar to the recent study showing a 95.4% sensitivi-
ty in cancer detection using CEM 20. Additionally, the au-
thors of the mentioned article also highlight the positive 
correlation between the intensity of the post-contrast en-
hancement of the suspicious lesion and the aggressiveness 
of the malignant process, which our study did not include 
but is a very interesting perspective worth further investi-
gation. 

Some authors state that CEM adoption is simple, espe-
cially for radiologists experienced in DM and MRI 12, 21. The 
study published by Cheung et al. 13 states that an average of 
75 CEM readings is sufficient for reaching a 90% probability 
of correct prediction. 

This increased sensitivity is crucial in the context of BC 
screening, as it implies a greater likelihood of detecting can-
cer, especially in its early stages (Figures 3 and 4). The in-
creased specificity of CEM also makes it a valuable tool in 
screening, particularly for DB tissues where mammography 
often falls short, mainly because of its ability to provide ad-
ditional vascular imaging 22. In a study involving 89 women 
with DBs and 100 lesions, CEM, in addition to mammogra-
phy, showed improved sensitivity from 71.5% to 92.7%, 
along with specificity from 51.8% to 67.9% 13. Another 
study reported that out of 14 cancers, CEM detected 13 
(93%) cancers that were not seen at full-field DM in women 
with DBs 11. Our study comprised only inconclusive mam-
mographies that required additional work, and, therefore, we 
did not calculate the diagnostic performance of DM alone, as 
we assumed that these data would show unrealistic and in-
correctly low sensitivity and specificity of DM alone. In this 
scenario in our study, DM findings were not statistically sig-
nificant predictors for BC. The role of US in BC detection, 
especially in DBs, has been well documented 23. Meta-
analysis of 526 studies by Sood et al. 24 showed that US had 

 
Fig. 3 – Digital mammography demonstrates architectural distortion at the junction of the upper 
quadrants of the left breast (white arrow) (A), which shows intense post-contrast enhancement on 

contrast-enhanced mammographic images (marked by white circle) (B). Histopathology following biopsy 
confirmed invasive lobular cancer grade 2. 
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Fig. 4 – A) Digital mammography with tomosynthesis demonstrates architectural distortion in the upper lateral 

quadrant of the left breast, not depictable by ultrasound. A zone of focal asymmetry is also present in the axillary  
tail of the same breast (marked by a circle). B) Contrast-enhanced mammography demonstrates contract  

enhancement of both mammographically detected lesions (yellow arrows). Since the lesions were not visualized by 
ultrasound, a vacuum-assisted biopsy was performed confirming invasive ductal breast cancer no special type grade 2. 

an overall pooled sensitivity, specificity, diagnostic odds ratio, 
PPV, and NPV (95% confidence interval – CI) of 80.1%, 
88.4%, 30.7, 0.86, and 0.80, respectively, for the detection 
of BC. It is particularly beneficial as an adjunct to mammog-
raphy for evaluating palpable abnormalities and clarifying 
indeterminate mammographic findings. US excels in differ-
entiating solid from cystic masses and has proven effective 
in further investigating areas of concern detected on mam-
mograms 25. 

However, US also presents challenges, notably its oper-
ator-dependent nature, which can lead to variability in diag-
nostic performance. Its higher false-positive rate can lead to 
additional follow-up tests and biopsies, which may not be 
necessary with more definitive imaging techniques like 
CEM 26. Our study showed increased sensitivity of CEM 
compared to US (92.42%), somewhat lower specificity of 
75.11%, and PPV of 53.51%. The most significant advantage 

of CEM compared to US is the high NPV of 96.97%, which 
grants high confidence that no cancer is present when CEM 
is negative, thus allowing a significant decrease in follow-up 
and biopsy rates. 

A study conducted in Korea highlighted that approxi-
mately 90% of cancers were detected using CEM, which was 
just marginally lower than MRI. Furthermore, the visibility 
of the tumor was superior using CEM compared with full-
field DM or digital tomosynthesis for US-detected BCs 27. 

Several studies have demonstrated a similar diagnostic 
performance of CEM to breast MRI along with other ad-
vantages, such as lower costs, the possibility of upgrading 
existing DM units, broader availability, and fewer contrain-
dications 28. In addition, a shorter learning curve, higher 
specificity, and NPV compared to breast MRI make CEM a 
solution tool for inconclusive findings on screening mam-
mography limited by glandular density 29. 
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Fig. 5 – Digital mammography with tomosynthesis demonstrates a small lesion, with lobulated, somewhat 
indistinct margins in the upper lateral quadrant of the right breast (white arrow) (A). The lesion shows no 

enhancement on contrast-enhanced mammography (depicted by a white circle) (B), thus follow-up was 
recommended instead of the biopsy. The lesion remained stable on a 6-month follow-up examination. 

 
In institutions like ours, lacking dedicated MRI-guided 

biopsy tools, CEM emerges as a valuable alternative that 
showcases superiority over traditional MRI for biopsy pro-
cedures. This inherent adaptability positions CEM as an effi-
cient and pragmatic choice for biopsy procedures in settings 
without MRI-guided biopsy capabilities, providing a reliable 
and accessible solution for targeted tissue sampling in breast 
diagnostics 29. 

This high NPV of 96.97% suggests that patients can be 
reassured with a high degree of confidence when CEM indi-
cates no cancer. This aspect of CEM can be a significant ad-
vantage in clinical practice, reducing patient anxiety and the 
need for unnecessary biopsies 30, 31. However, in our study, 
five patients with later proven cancer had negative CEM. In 
all five cases, histopathology confirmed pure ductal carci-
noma in situ, which, according to the known data 32, 33, usual-
ly shows non-mass contrast enhancement but, in certain cas-
es, may show no enhancement at all. 

Our study highlighted the potential of CEM to reduce 
unnecessary biopsies. With 62.5% of women avoiding biop-
sies based on CEM findings (in 23 of them vacuum-assisted 
biopsy was performed), there is a clear indication that CEM 
can effectively discriminate between benign and malignant 
lesions (Figure 5). This reduction in biopsy rates is not only 

beneficial in terms of patient comfort and reducing 
healthcare costs but also in minimizing the risk of complica-
tions associated with invasive procedures. A recent prospec-
tive study observed a potential 16.4% net reduction of the 
biopsy rate that could be obtained using CEM 31. 

Although the average age of all participants in our study 
was 59 years, based on the ROC curve analysis results, we 
observed that the cut-off value for the presence of BC was 
55.5 years. This indicates a need for caution with women of 
this age group in our population and may facilitate easier de-
cision-making regarding CEM, provided clear indications 
exist. 

Conclusion 

Our study supports the growing body of evidence that 
contrast-enhanced mammography is a valuable tool in breast 
cancer screening, offering high sensitivity and the potential 
to reduce unnecessary biopsies, together with significant per-
formance simplicity and patient acceptance. As breast cancer 
screening continues to evolve, contrast-enhanced mammog-
raphy stands out as a promising technology, particularly for 
patients with dense breast tissue or inconclusive traditional 
mammography results. 

 

R E F E R E N C E S

1. World Health Organization. Breast Cancer [Internet]. Geneva: 
WHO; 2024 [accessed 2024, Dec 2]. Available from: https:// 
www.who.int/news-room/fact-sheets/detail/breast-cancer 

2. American Cancer Society. Breast Cancer Facts & Figures 2022–
2024 [Internet]. Atlanta: American Cancer Society, Inc. 
2022. [cited on 2024 May 10; accessed 2024 Dec 9]. Available 
from:  https://www.cancer.org/content/dam/cancer-org/ 
research/cancer-facts-and-statistics/breast-cancer-facts-and-fig 
ures/2022-2024-breast-cancer-fact-figures-acs.pdf 

3. Siegel RL, Miller KD, Fuchs HE, Jemal A. Cancer Statistics, 2021. 
CA Cancer J Clin 2021; 71(1): 7–33. Erratum in: CA Cancer J 
Clin 2021; 71(4): 359. 

4. Boyd NF, Guo H, Martin LJ, Sun L, Stone J, Fishell E, et al. 
Mammographic density and the risk and detection of breast 
cancer. N Engl J Med 2007; 356(3): 227–36.  

5. Corsetti V, Houssami N, Ferrari A, Ghirardi M, Bellarosa S, Ange-
lini O, et al. Breast screening with ultrasound in women with 
mammography-negative dense breasts: evidence on incremen-



Vol. 82, No. 2 VOJNOSANITETSKI PREGLED Page 93 

Nićiforović D, et al. Vojnosanit Pregl 2025; 82(2): 86–93. 

tal cancer detection and false positives, and associated cost. 
Eur J Cancer 2008; 44(4): 539–44.  

6. Lehman CD, Lee JM, DeMartini WB, Hippe DS, Rendi MH, Kalish 
G, et al. Screening MRI in women with a personal history of 
breast cancer. J Natl Cancer Inst 2016; 108(3): djv349. 

7. Perry H, Phillips J, Dialani V, Slanetz PJ, Fein-Zachary VJ, Kari-
mova EJ, et al. Contrast-enhanced mammography: A systematic 
guide to interpretation and reporting. AJR Am J Roentgenol 
2019; 212(1): 222–31.  

8. Jochelson MS, Dershaw DD, Sung JS, Heerdt AS, Thornton C, Mos-
kowitz CS, et al. Bilateral contrast-enhanced dual-energy digital 
mammography: feasibility and comparison with conventional 
digital mammography and MR imaging in women with known 
breast carcinoma. Radiology 2012; 266(3): 743–51.  

9. Lewin JM, Isaacs PK, Vance V, Larke FJ. Dual-energy contrast-
enhanced digital mammography: feasibility. Radiology 2003; 
229(1): 261–8. 

10. Elder K, Matheson J, Nickson C, Box G, Ellis J, Mou A, et al. Con-
trast enhanced mammography in breast cancer surveillance. 
Breast Cancer Res Treat 2023; 199(2): 221–30. 

11. Fallenberg EM, Dromain C, Diekmann F, Renz DM, Amer H, In-
gold-Heppner B, et al. Contrast-enhanced spectral mammogra-
phy: Does mammography provide additional clinical benefits 
or can some radiation exposure be avoided? Breast Cancer Res 
Treat 2014; 146(2): 371–81.  

12. Lawson MB, Partridge SC, Hippe DS, Rahbar H, Lam DL, Lee CI, 
et al. Comparative Performance of Contrast-enhanced Mam-
mography, Abbreviated Breast MRI, and Standard Breast MRI 
for Breast Cancer Screening. Radiology 2023; 308(2): e230576. 

13. Cheung YC, Lin YC, Wan YL, Yeow KM, Huang PC, Lo YF, et 
al. Diagnostic performance of dual-energy contrast-enhanced 
subtracted mammography in dense breasts compared to 
mammography alone: interobserver blind-reading analysis. Eur 
Radiol 2014; 24(10): 2394–403. 

14. Ghaderi KF, Phillips J, Perry H, Lotfi P, Mehta T. Contrast-
enhanced Mammography: Current Applications and Future 
Directions. Radiographics 2019; 39(7): 1907–20. 

15. Jong RA, Yaffe MJ, Skarpathiotakis M, Shumak RS, Danjoux NM, 
Gunesekara A, et al. Contrast-enhanced digital mammography: 
initial clinical experience. Radiology 2003; 228(3): 842–50. 

16. Lobbes MB, Smidt ML, Houwers J, Tjan-Heijnen VC, Wildberger 
JE. Contrast-enhanced mammography: techniques, current re-
sults, and potential indications. Clin Radiol 2013; 68(9): 935–
44. 

17. Chiu TM, Chu SY. Hypersensitivity Reactions to Iodinated 
Contrast Media. Biomedicines 2022; 10(5): 1036.   

18. Neeter LMFH, Raat HPJF, Alcantara R, Robbe Q, Smidt ML, 
Wildberger JE, et al. Contrast-enhanced mammography: what 
the radiologist needs to know. BJR Open 2021; 3(1): 
20210034. 

19. McDonald RJ, McDonald JS, Bida JP, Carter RE, Fleming CJ, Misra 
S, et al. Intravenous contrast material-induced nephropathy: 
causal or coincident phenomenon? Radiology 2013; 267(1): 
106–18. Erratum in: Radiology 2016; 278(1): 306. 

20. Marzogi A, Baltzer PAT, Kapetas P, Milos RI, Bernathova M, Hel-
bich TH, et al. Is the Level of Contrast Enhancement on Con-
trast-Enhanced Mammography (CEM) Associated with the 
Presence and Biological Aggressiveness of Breast Cancer? Di-
agnostics 2023; 13(4): 754.  

21. Jochelson MS, Lobbes MBI. Contrast-enhanced Mammography: 
State of the Art. Radiology 2021; 299(1): 36–48.  

22. Moffa G, Galati F, Maroncelli R, Rizzo V, Cicciarelli F, Pasculli M, 
et al.  Diagnostic Performance of Contrast-Enhanced Digital 
Mammography versus Conventional Imaging in Women with 
Dense Breasts. Diagnostics (Basel) 2023; 13(15): 2520. 

23. Catalano O, Fusco R, De Muzio F, Simonetti I, Palumbo P, Bruno F, 
et al. Recent Advances in Ultrasound Breast Imaging: From 
Industry to Clinical Practice. Diagnostics (Basel) 2023; 13(5): 
980. 

24. Sood R, Rositch AF, Shakoor D, Ambinder E, Pool KL, Pollack E, 
et al. Ultrasound for Breast Cancer Detection Globally: A Sys-
tematic Review and Meta-Analysis. J Glob Oncol 2019; 5: 1–
17. 

25. Berg WA, Gutierrez L, NessAiver MS, Carter WB, Bhargavan M, 
Lewis RS, et al. Diagnostic accuracy of mammography, clinical 
examination, US, and MR imaging in preoperative assessment 
of breast cancer. Radiology 2004; 233(3): 830–49. 

26. Tagliafico AS, Calabrese M, Mariscotti G, Durando M, Tosto S, 
Monetti F, et al. Adjunct Screening With Tomosynthesis or Ul-
trasound in Women With Mammography-Negative Dense 
Breasts: Interim Report of a Prospective Comparative Trial. J 
Clin Oncol 2016; 34(16): 1882−88. 

27. Youn I, Choi S, Choi YJ, Moon JH, Park HJ, Ham SY, et al. Con-
trast enhanced digital mammography versus magnetic reso-
nance imaging for accurate measurement of the size of breast 
cancer. Br J Radiol 2019; 92(1098): 20180929.  

28. Sammarra M, Piccolo CL, Sarli M, Stefanucci R, Tommasiello M, Or-
saria P, et al.  Contrast-Enhanced Mammography-Guided Bi-
opsy: Preliminary Results of a Single-Center Retrospective Ex-
perience. J Clin Med 2024; 13(4): 933. 

29. Cozzi A, Magni V, Zanardo M, Schiaffino S, Sardanelli F. Con-
trast-enhanced Mammography: A Systematic Review and Me-
ta-Analysis of Diagnostic Performance. Radiology 2022; 
302(3): 568–81. 

30. Nicosia L, Bozzini AC, Pesapane F, Rotili A, Marinucci I, Signorelli 
G, et al. Breast Digital Tomosynthesis versus Contrast-
Enhanced Mammography: Comparison of Diagnostic Applica-
tion and Radiation Dose in a Screening Setting. Cancers (Ba-
sel) 2023; 15(9): 2413.  

31. Cozzi A, Schiaffino S, Fanizza M, Magni V, Menicagli L, Monaco 
CG, et al.  Contrast- enhanced mammography for the assess-
ment of screening recalls: a two-centre study. Eur Radiol 2022; 
32(11): 7388–99. 

32. Vignoli C, Bicchierai G, De Benedetto D, Boeri C, Vanzi E, Miele V, 
et al. Role of preoperative breast dual‐energy con-
trast‐enhanced digital mammography in ductal carcinoma in 
situ. Breast J 2019; 25(5): 1034–6.  

33. Cheung YC, Juan YH, Lin YC, Lo YF, Tsai HP, Ueng SH, et al. 
Dual-Energy Contrast-Enhanced Spectral Mammography: 
Enhancement Analysis on BI-RADS 4 Non-Mass Microcalci-
fications in Screened Women. PLoS One 2016; 11(9): 
e0162740. 

 
Received on June 6, 2024  

Revised on October 23, 2024 
Revised on November 29, 2024 

Accepted on December 11, 2024 
Online First January 2025

 



Page 94 VOJNOSANITETSKI PREGLED Vojnosanit Pregl 2025; 82(2): 94–100. 

Correspondence to: Sonja Čanković, University of Novi Sad, Faculty of Medicine, Hajduk Veljkova 3, 21000 Novi Sad, Serbia; Institute 
of Public Health of Vojvodina, Futoška 121, 21000 Novi Sad, Serbia. E-mail: sonja.cankovic@mf.uns.ac.rs 

O R I G I N A L  A R T I C L E  

  

 UDC: 613.955/.96:616.89-008.441.3]:001.891 
DOI: https://doi.org/10.2298/VSP240826003C  

Validation and adaptation of the Serbian adaptation of the Marijuana 
Effect Expectancies Questionnaire among adolescents 

Validacija i adaptacija srpske verzije upitnika Marijuana Effect Expectancies 
Questionnaire među adolescentima  

 
Dušan Čanković*†, Bojana Dinić‡, Dalibor Bokan§, Snežana Ukropina†,  

Sonja Čanković*† 

University of Novi Sad, *Faculty of Medicine, ‡Faculty of Philosophy, Department of 
Psychology, Novi Sad, Serbia; †Institute of Public Health of Vojvodina, Novi Sad, 

Serbia; §Secondary Medical School “April 7th”, Novi Sad, Serbia

Abstract 
 
Background/Aim. Expectancies about the effects of 
cannabis have been related to the onset and frequency of 
its consumption. One of the most used instruments to 
measure cannabis effect expectancies is the Marijuana 
Effect Expectancy Questionnaire (MEEQ). The aim of 
this study was to determine the psychometric properties of 
the Serbian adaptation of the MEEQ among secondary 
school pupils. Methods. The retrospective study included 
1,642 secondary school pupils (52.3% female) from the 
South Bačka District, Vojvodina, Serbia. In addition to the 
MEEQ, the Cannabis Use Intention Questionnaire 
(CUIQ) was also used, as well as a self-report measure of 
cannabis use. Results. The original six-factor MEEQ 
model showed the best fit indices with the following 
factors: Cognitive and Behavioral Impairment, Relaxation 
and Tension Reduction, Social and Sexual Facilitation, 
Perceptual and Cognitive Enhancement, Global Negative 
Effects, and Craving and Physical Effects. All MEEQ 
scales showed positive and expected correlations with the 
CUIQ scales, among which the highest correlation was 
with the Attitudes toward Consumption scale. 
Correlations with self-report cannabis use were significant 
for all MEEQ scales, except for Cognitive and Behavioral 
Impairment. Conclusion. The results suggested good 
psychometric properties of the Serbian adaptation of the 
MEEQ. The results also confirmed the originally 
proposed factor structure, good reliabilities of the scales’ 
scores based on internal consistency, as well as convergent 
and criterion validity. 
 
Key words:  
adolescent; serbia; substance-related disorders; surveys 
and questionnaires; validation study. 

Apstrakt 
 
Uvod/Cilj. Očekivanja o dejstvu kanabisa povezana su sa 
početkom i učestalošću njegovog korišćenja. Jedan od 
najčešće korišćenih instrumenata za merenje očekivanog 
dejstva kanabisa je Upitnik očekivanih efekata upotrebe 
marihuane (Marijuana Effect Expectancy Questionnaire – 
MEEQ). Cilj rada  bio je da se utvrde psihometrijska 
svojstva srpske adaptacije MEEQ za primenu kod učenika 
srednjih škola. Metode. U retrospektivnu studiju uključeno 
je 1 642 učenika srednjih škola (52,3% ženskog pola) iz 
Južnobačkog okruga, Vojvodina, Srbija. Uz MEEQ, 
korišćen je i Upitnik o nameri upotrebe kanabisa (Cannabis 
Use Intention Questionnaire – CUIQ), kao i mera samoprocene 
upotrebe kanabisa. Rezultati. Originalni šestofaktorski 
model MEEQ pokazao je najbolje fit indekse sa sledećim 
faktorima: Kognitivno oštećenje i poremećaj ponašanja,  
Relaksacija i smanjenje napetosti, Socijalna i seksualna 
facilitacija, Perceptualno i kognitivno poboljšanje, Globalni 
negativni efekti i Žudnja i fizički efekti. Sve MEEQ skale 
pokazale su pozitivne i očekivane korelacije sa CUIQ 
skalama, među kojima je najviša korelacija bila sa skalom 
Pozitivni stavovi prema konzumaciji. Korelacije sa 
samoprocenom upotrebe kanabisa bile su značajne za sve 
MEEQ skale, osim za Kognitivno oštećenje i poremećaj 
ponašanja. Zaključak. Rezultati su ukazali na dobre 
psihometrijske karakteristike srpske adaptacije MEEQ. 
Rezultati su takođe potvrdili i originalno predloženu 
faktorsku strukturu, dobru pouzdanost skorova na skalama 
zasnovanu na internoj konzistenciji, kao i konvergentnu i 
kriterijumsku validnost. 
 
Ključne reči: 
adolescenti; srbija; poremećaji izazvani supstancama; 
ankete i upitnici; istraživanje, validaciono. 
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Introduction 

Adolescence is a period of changes not only in hormones 
and the body but also in social roles in peer and other 
interpersonal relationships, which coincides with an increase in 
mental health problems 1, 2. In this vulnerable period of life, there 
is an increase in risk-taking behaviors, including substance 
misuse 3, 4. These behaviors are often established during youth, 
extend into adulthood, increase the risk of adult harm, and are 
interrelated 5, 6. Recent literature indicates small negative 
associations between cognitive functioning and cannabis use 7. 
In addition, cannabis use during adolescence, especially heavy 
use and earlier age at onset of cannabis use, is associated with 
poorer educational outcomes and mood disorders, particularly 
depressive symptoms, and should be considered when assessing 
suicide risk 8–11. 

According to the World Health Organization (WHO), 
cannabis is the most commonly used illicit drug globally 12. 
Within the WHO European Region, an estimated 9 million 
people aged 15–24 years (19.1% of this age group) used 
cannabis in 2020 13. European School Survey Project on 
Alcohol and Other Drugs (ESPAD) data also reveals that, on 
average, 16% of students reported having used cannabis at 
least once in their lifetime, and in Serbia, the reported number 
was 2.9–7.3% 14. Moreover, the data from the latest Serbian 
National Health Survey show that cannabis was used by 1.2% 
of the population in the previous 12 months, significantly more 
common in the 18 to 34 age group (2.4%), among men (1.6%), 
urban residents (1.5%), residents of higher education (1.8%), 
and those belonging to the wealthiest households (2.1%) 15. 

There are various reasons and expectations for cannabis 
use, and according to extended expectancy theory 16, drug effect 
expectancies are shown to be related to the actual use of 
drugs 17. Individuals learn, through observation and experimen-
tation, and get beliefs, both positive and negative, about how a 
drug will affect them. One of the most frequently used question-
naires created to assess cannabis effect expectancies is the Mari-
juana Effect Expectancies Questionnaire (MEEQ). It was based 
on expectancy theory, extended to drug use, and it was designed 
to allow completion by both cannabis users and adolescents who 
have never used cannabis 17. The MEEQ assesses six domains of 
marijuana effect expectancies, which could be divided into posi-
tive expectations [Relaxation and Tension Reduction (RTR), 
Social and Sexual Facilitation (SSF), and Perceptual and Cogni-
tive Enhancement (PCE)], negative expectations [Cognitive and 
Behavioral Impairment (CBI) and Global Negative Effects 
(GNE)], and neutral expectations [Craving and Physical Effects 
(CPE)]. For instance, one will use it to feel relaxed and reduce 
stress, which is an important motivator to initiate and maintain 
drug use. However, others will expect adverse effects, such as 
impaired cognition, which can inhibit the initiation and continu-
ation of drug use behaviors. Therefore, adolescents use illicit 
drugs when they hold strong positive and weak negative expec-
tancies for these behaviors 18. Moreover, non-users endorsed 
more GNE than infrequent and frequent users 19. 

Among six MEEQ scales, non-users scored lower on 
RTR and CPE, while they showed higher scores on GNE 
compared to past- and present-users among United States 

male inpatients 20. In the study of Hayaki et al. 21 on adult 
women who use marijuana, the main positive predictor of 
frequency and severity of marijuana use was RTR. At the 
same time, CBI was a negative predictor of the frequency of 
marijuana use, and GNE was a predictor of the severity of 
marijuana use. Furthermore, non-users of marijuana had 
significantly higher expectations for GNE from marijuana 
and lower expectations for CPE than quitters, infrequent 
users, and frequent users. On the other hand, frequent 
marijuana users reported significantly lower expectations for 
CBI from marijuana than quitters and non-users 22. 

However, there are inconsistent results regarding the 
factor structure of the MEEQ. Aarons et al. 22 offered com-
posite scores of negative and positive effects, indicating the 
hierarchical structure of the MEEQ. GNE composite captures 
CBI and GNE scales, while the rest of the scales formed 
Global Positive Effects (GPE). The hierarchical model pro-
posed by Hayaki et al. 23 was used. They suggested that the 
higher-order negative expectancy factor should include CBI, 
CPE, and GNE, while the remaining three scales should con-
stitute a positive expectancy factor. However, these compo-
sites are not formed by empirical evidence. Some research on 
French-speaking adolescents suggested a four-factor struc-
ture based on exploratory factor analysis 24. Although in the 
Confirmatory Factor Analysis (CFA) study 25, the four-factor 
solution had a better model fit compared to the six-factor so-
lution, both model fits are below the recommended cut-off 
criteria for fit indices, indicating poor model fit for both so-
lutions. Thus, we could conclude that the four-factor struc-
ture is not the common use of the MEEQ.  

To the best of our knowledge, there is no validated 
Serbian adaptation of the MEEQ. Therefore, the aim of this 
study was to examine the psychometric properties of the 
Serbian adaptation of the MEEQ among secondary school 
pupils. More precisely, factor structure was tested via CFA, 
and the internal reliability was tested via alpha and omega 
coefficients. In addition, convergent validity was tested via 
average variance extraction and correlation with the 
Cannabis Use Intention (CUI) Questionnaire (CUIQ) 
scales, which measure similar constructs. Furthermore, 
criterion validity was tested through correlations with self-
report cannabis use. We expect to confirm the originally 
proposed factor structure, as well as convergent and 
criterion validity. 

Methods 

Participants and procedure 
 
The sample consisted of 1,642 secondary school children 

(52.3% female) from the territory of the South Bačka District, 
Vojvodina, Serbia, aged 15–19 years [mean value 
(M) = 16.40, standard deviation (SD) = 1.02], of which 59.8% 
attended a four-year vocational school, 23.8% gymnasium, 
and 16.4% a three-year vocational school. Google Form was 
used to administer instruments from September 15 to 
December 15, 2021. Class teachers shared the link with their 
students via the Google Classroom platform. Secondary school 
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children who did not want to complete the online 
questionnaire did not participate in this research. 

Instruments 

The MEEQ is the 48-item measure of six expectancy 
domains on the following subscales: CBI, RTR, SSF, PCE, 
GNE, and CPE. Each item is scored on a 5-point Likert scale 
(from 1 = ‘strongly disagree’ to 5 = ‘strongly agree’), with 
scales containing 6–10 items. 

The Serbian adaptation of the MEEQ was made in line 
with the report of the International Society for Pharmacoeco-
nomics and Outcomes Research (ISPOR) Task Force for 
Translation and Cultural Adaptation 26. This procedure in-
cluded several steps: 1) preparation – consent to use the 
MEEQ and translate it into Serbian was obtained from the 
copyright holder, Prof. Dr. Sandra Brown; 2) forward trans-
lation – the translation process, after preparation, included 
forward translations from English to Serbian by two health 
professionals who were native speakers of Serbian and fluent 
in the English language; 3) reconciliation – a comparison and 
merging of forward translation versions into a single transla-
tion was made at a consensus meeting; 4) back translation – 
a professional translator translated the Serbian language back 
to the original English language; 5) harmonization – the for-
ward translations were similar to and consistent with the 
original version; 6) cognitive debriefing –  the Serbian ver-
sion was then piloted on a group of 40 participants, pupils of 
Secondary Medical School “April 7th”, Novi Sad, Serbia, 
who filled in the questionnaire, to check the comprehensibil-
ity of the items. All items were clear, and only minor linguis-
tic modifications were made; 7) proofreading – a final re-
view of the translation to correct grammatical, printing, or 
other errors was done by the research team members; 8) final 
report – at the end of the process, all steps were documented 
as a part of the doctoral thesis of one of the team members.  

CUIQ 27, 28 operationalized four scales: Attitudes toward 
consumption (ATC), measured with two sets of four items that 
assess expected outcomes of cannabis consumption as well as 
the desirability of these outcomes (α = 0.93); Subjective 
norms, measured with two sets of three items that assess how 
significant others would view the consumption of marijuana as 
well as their motivation to comply with them (α = 0.70); Self-
efficacy to abstinence, a five-item scale which assesses beliefs 
about the extent to which the person feels capable of not using 
cannabis in different circumstances (α = 0.95); CUI, a three-
item scale which assesses the perceived likelihood to consume 
marijuana (α = 0.95). Each item is scored on a 5-point Likert 
scale (from 1 = ‘not at all’ to 5 = ‘very much’). 

ESPAD 14 measures the cannabis lifetime use, cannabis 
use in the last year, and cannabis use in the last month (0; 1–2 
times; 3–5 times; 6–9 times; 10–19 times; 20–39; 40 or more). 

Data analysis 

First, CFA was used in R package “lavaan” 29 in order to 
test several proposed models of the MEEQ. Due to 
multivariable normality violation, a diagonally weighted least 

squares (DWLS) estimator was used. Model fit was evaluated 
using several fit indices: the Chi-square test, comparative fit 
index (CFI), Tucker-Lewis index (TLI), root mean square error 
of approximation (RMSEA), and standardized root mean square 
residual (SRMR). Although there are no absolute standards, the 
determination of model fit requires consideration of a range of 
fit indices that may evidence a good fit (e.g., RMSEA and 
SRMR < 0.06, TLI and CFI > 0.95) or an acceptable fit (e.g., 
RMSEA < 0.08, TLI and CFI > 0.90) 30. Second, descriptive 
statistics and reliability were calculated in R package ‘psych’ 31. 
Reliability was calculated as Cronbach’s α and Guttman split-
half coefficients (with values ≥ 0.70 indicating satisfactory 
reliability) and as McDonald’s ω (with values ≥ 0.41 indicating 
satisfactory, ≥ 0.61 moderate, and ≥ 0.81 high reliability) 32. 
Additionally, the average variance extracted (AVE) 33 was 
calculated as a measure of convergent validity, with values 
higher than 0.50 indicating good convergent validity. Third, 
convergent validity was estimated via Pearson’s correlations 
with CUIQ scales, and criterion validity was assessed via 
correlations with cannabis use. 

Ethical aspects 

The research was approved by the Ethics Committee of the 
Institute of Public Health of Vojvodina, Serbia (No. 01-1184/2, is-
sued on July 22, 2021). School principals who agreed to partici-
pate in the study informed the Parent Councils. According to the 
Patient Rights Law of the Republic of Serbia, public health re-
search involving a child who has reached the age of 15 and is ca-
pable of reasoning and which does not produce direct benefit or 
risk to the child may be approved if the research aims to contrib-
ute to a better understanding of the state of health of this popula-
tion, with the written consent of the child or his/her legal repre-
sentative 34. In line with that, participants were fully informed 
about the objectives and methods of the study orally by the teach-
ers who shared the link with them at the very beginning of the 
online questionnaire. They had a right to make an independent de-
cision as to whether or not they wanted to participate in a study 
dealing with issues that were relevant to them. The respondents 
expressed their consent by answering the first mandatory question 
on whether they agreed to participate, and those who marked ‘yes’ 
were considered to participate in the study. They could withdraw 
at any time before submitting the online form. 

Results 

Results of CFA showed that the originally proposed six-
factor model had good fit indices (Table 1). However, item 26, 
which belongs to two factors, had remarkably low loading on 
the second factor (-0.39) and loading over 1 on the fourth factor 
(1.13); hence, it was omitted from the second factor. Similarly, 
item 33 had remarkably low loading on the first factor (0.31) 
compared to loading on the sixth factor (0.53); hence, it was 
omitted from the first factor. Omitting those two items from 
factors where loadings were lower and keeping them only on 
factors where their loadings were high resulted again in good 
model fit indices. Loading was in a range from 0.41 to 0.87 
(Figure 1). Correlations between factors were high, which
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Table 1 
Model fit indices of proposed MEEQ models 

Models DWLS χ2(df) CFI TLI RMSEA (90% CI) SRMR 
Original six-factor model 7,049.66 (1,063) 0.987 0.986 0.059 (0.058–0.060) 0.062 
Original six-factor model without double items 7,145.35 (1,065) 0.987 0.986 0.059 (0.058–0.061) 0.062 
Hierarchical model 8,465.81 (1,073) 0.984 0.983 0.065 (0.064–0.067) 0.068 
Two-factor model 9,938.21 (1,079) 0.981 0.980 0.071 (0.070–0.072) 0.073 
MEEQ – Marijuana Effect Expectancy Questionnaire; DWLS – diagonally weighted least squares;  
CFI – Comparative fit index; TLI – Tucker-Lewis Index; RMSEA – root mean square error of approximation;  
CI – confidence interval; SRMR – standardized root mean square residual.  
 

 
Fig. 1 – Parameters of the six-factor model of the MEEQ. 

MEEQ – Marijuana Effect Expectancy Questionnaire. 
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could indicate that the hierarchical factor structure was more 
suitable. Although the hierarchical model proposed by Hayaki 
et al. 23 with two higher-order factors showed good model fit, 
it was significantly worse than the proposed six-factor model 
(Δχ2(8) = 1,320.5; p < 0.001) and more importantly, loadings 
of the third and the fourth factors on a higher-order factor of 
positive expectancy were over 1. Finally, a two-factor model 
was tested, with positive and negative expectancy factors, but 
it showed a worse model fit compared to the proposed six-
factor model (Δχ2(14) = 2,792.9; p < 0.001). Thus, the six-
factor model with items 26 and 33 only loaded on one factor 
showed the best model fit indices (Table 1) and parameters 
(Figure 1).  

Alpha, split-half, and omega reliabilities for each scale 
indicated good reliability, and AVE indicated good 
convergent validity of the scale scores (Table 2). 

Convergent and criterion validity correlations 

All MEEQ scales correlated substantially with ATC 
from the CUIQ, with the highest correlation between RTR 
and ATC (Table 3). Furthermore, all MEEQ scales showed 
higher correlations with the Subjective norms and Self-
efficacy to abstinence scales from the CUIQ. The 
correlations between the MEEQ and CUI scales from CUIQ 
were lower, and the only nonsignificant correlation was 
between GNE and CUI. Among all MEEQ scales, GNE 
showed the lowest correlations with CUIQ scales. 
Correlations with cannabis use were significant for all 
MEEQ scales, except for CBI. The CPE scale had the highest 
correlations with cannabis use, while the GNE scale showed 
only negative correlations. 

Discussion 

This research aims to explore the psychometric 
properties of the Serbian adaptation of the MEEQ among 
secondary school pupils. Among all tested models, results 
supported the original six-factor structure 17. More 
importantly, a six-factor solution showed better model fit 
compared to the hierarchical solution often used in research. 
It should also be noted that although negative and positive 
expectancy factors were used in previous research 23, no 
study has yet tested the hierarchical factor structure. Thus, 
we raised concerns about the interpretation of the higher-
order factor of the MEEQ. In addition, results showed that 
items 26 and 33 should be loaded only on one factor because 
this solution provided no overestimated loadings. 

All six MEEQ scales demonstrated good Cronbach’s α 
coefficient, ranging from 0.88 (PCE scale) to 0.94 (RTR 
scale). Internal reliability was generally good and similar to 
previous studies 21, 24. McDonald’s ω coefficient, 
considered a more sensible index of internal consistency 
and with less risk of overestimation or underestimation of 
reliability 35, has shown high values for MEEQ scales, 
between 0.88 and 0.95. 

Convergent validity was tested through correlation 
with CUIQ, with the highest correlation between RTR 
(MEEQ) and ATC (CUIQ). Adolescents with greater 
positive expectancies of RTR were more likely to report a 
positive attitude toward substance use. On the other hand, 
GNE (MEEQ) showed the lowest correlations with CUIQ 
scales. 

Criterion validity was evaluated through correlations 
with self-reported cannabis use. The correlations were 

Table 2 
Descriptive statistics and reliabilities for MEEQ scales 

Scale M SD α Split-half McDonald’s ω AVE 
Cognitive and behavioral impairment 2.86 1.20 0.92 0.87 0.95 0.60 
Relaxation and tension reduction 3.09 1.34 0.94 0.88 0.95 0.71 
Social and sexual facilitation 2.69 1.07 0.90 0.89 0.91 0.50 
Perceptual and cognitive enhancement 2.81 1.07 0.88 0.86 0.89 0.51 
Global negative effects 2.65 1.09 0.91 0.90 0.90 0.54 
Craving and physical effects 2.97 1.18 0.89 0.87 0.88 0.57 
MEEQ – Marijuana Effect Expectancy Questionnaire; M – mean; SD – standard deviation; AVE – average 
variance extracted. 

 
Table 3 

Correlations between MEEQ and CUIQ scales and cannabis use 

MEEQ 

CUIQ ESPAD – cannabis use 
Attitudes  
toward  

consumption 

Subjective 
norms 

Self-efficacy 
to abstinence 

Cannabis use  
intention Lifetime In the past 

12 months 
In the last  
30 days 

Cognitive and behavioral impairment 0.48 0.36 0.45 0.15 0.03 0.05 0.04 
Relaxation and tension reduction 0.74 0.41 0.43 0.35 0.25 0.24 0.21 
Social and sexual facilitation 0.69 0.44 0.40 0.33 0.15 0.16 0.17 
Perceptual and cognitive enhancement 0.67 0.42 0.42 0.31 0.13 0.14 0.13 
Global negative effects 0.31 0.29 0.38 0.01 -0.17 -0.16 -0.11 
Craving and physical effects 0.65 0.42 0.46 0.36 0.35 0.35 0.27 

MEEQ – Marijuana Effect Expectancy Questionnaire; CUIQ – Cannabis Use Intention Questionnaire;  
ESPAD – European School Survey Project on Alcohol and Other Drugs. 
Note: All correlations ≥ 0.13 are significant at p < 0.001. 
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significant for all MEEQ scales except for the CBI scale. 
This is not in line with previous studies 22, 21 in which the 
CBI scale was negatively associated with the frequency of 
marijuana use. One explanation is that the participants in our 
study were younger than participants in the previous studies 
because the period of cannabis use in our sample was 
shorter. 

Furthermore, the highest and most positive correlation 
was found between cannabis use and the CPE scale, followed 
by the RTR, which is in line with previous studies 20–22. It 
should be noted that some authors suggested the CPE scale 
as a part of the negative expectancy factor 23. However, the 
CPE scale showed a positive correlation with marijuana use. 
The results are more in line with the decision by Aarons et 
al. 22 that this scale should not be a part of the higher-order 
GNE dimension but of the GPE dimension. However, as we 
already stated, hierarchical structure is questionable. 
According to the findings of Buckner and Schmidt 19, the 
users who especially value marijuana’s physical and craving 
effects characteristics (hunger, craving for things and snacks, 
laughter, dry mouth) are likely to become more frequent 
users. These results showed that, at least in community 
youth, the frequency of marijuana use is more associated 
with positive expectancies compared to negative ones. 
Regarding the RTR scale, other research pointed out that it 
predicted not only frequency but also severity of marijuana 
use, and this scale emerged as a robust belief in adults 18–24 
years old 21. 

The only negative correlation was found between 
marijuana use and the GNE scale, indicating that maybe only 
this scale contains clearly negative expectations and effects 
of marijuana use, compared to others that are also considered 
indicators of negative consequences of marijuana use. 
Therefore, the GNE scale assesses expectations that may 
include clinical severity indicators that only appear in more 
serious cases 21. 

There are several limitations of this study. First, the 
study includes a convenient sample comprised solely of 

secondary school pupils from mostly urban areas of Serbia. 
Thus, the generalization of the results is limited to 
adolescents but not to the general population of Serbia. 
Second, self-report data on marijuana use among adolescents 
could be biased or under social desirability response despite 
the anonymity. Third, all measures were self-reported, which 
can influence the correlations among them, i.e., correlations 
can be higher than expected because of the same method 
used (self-report). We tested common method variance via 
Harman’s single factor method 36, and results of joint 
principal component analysis on all included items in the 
study showed that the first component included 32.51% of 
shared variance. Since this is smaller than the recommended 
cut-off of 50% of shared variance, we can conclude that 
common method variance did not affect the results. 
However, in line with good practices, we recommend using a 
multitrait-multimethod design to validate further the MEEQ. 
Fourth, only reliability based on internal consistency was 
tested as well as congruent and criterion validity. Future 
studies should include testing of test-retest reliability as well 
as discriminant validity. Fifth, given that participants 
completed questionnaires online, a person’s motivation to 
answer carefully may be decreased. 

Conclusion 

Despite the limitations of this study, the presented 
results provide important information regarding the 
psychometric properties of the Serbian adaptation of the 
Marijuana Effect Expectancy Questionnaire and confirm the 
originally proposed factor structure and convergent validity 
as well as good internal reliability. The relations with the 
criterion variable were rather small, but results indicated that 
the Global Negative Effects scale may be a protective factor 
in the initiation of marijuana use during adolescence. To sum 
up, the results of this study add further to the cross-cultural 
validity and use of the Marijuana Effect Expectancy 
Questionnaire. 

 

R E F E R E N C E S

1. Blakemore SJ. Adolescence and mental health. The Lancet 
2019; 393(10185): 2030–1. 

2. Sharp C, Wall K. Personality pathology grows up: adolescence 
as a sensitive period. Curr Opin Psychol 2018; 21: 111–6.  

3. Cunningham RM, Walton MA, Carter PM. The major causes of 
death in children and adolescents in the United States. N Engl 
J Med 2018; 379(25): 2468–75.  

4. World Health Organization. Adolescent and young adult health 
2023 [Internet]. Geneva: WHO; 2024 [cited 2024, April 10; ac-
cessed 2024, Nov 1]. Available from: https://www.who.int 
/news-room/fact-sheets/detail/adolescents-health-risks-and-s 
olutions 

5. Kipping RR, Smith M, Heron J, Hickman M, Campbell R. Multiple 
risk behavior in adolescence and socio-economic status: findings 
from a UK birth cohort. Eur J Public Health 2015; 25(1): 44–9.  

6. Kolbe LJ, Kann L, Collins JL. Overview of the youth risk behav-
ior surveillance system. Public Health Rep 1993; 108 Suppl 
1(Suppl 1): 2–10. 

7. Scott JC, Slomiak ST, Jones JD, Rosen AFG, Moore TM, Gur RC. 
Association of cannabis with cognitive functioning in adoles-
cents and young adults: a systematic review and meta-
analysis. JAMA Psychiatry 2018; 75(6): 585–95.  

8. Carvalho AF, Stubbs B, Vancampfort D, Kloiber S, Maes M, Firth J, 
et al. Cannabis use and suicide attempts among 86,254 adoles-
cents aged 12–15 years from 21 low-and middle-income coun-
tries. Eur Psychiatry 2019; 56(1): 8–13.  

9. Cyrus E, Coudray MS, Kiplagat S, Mariano Y, Noel I, Galea JT, et 
al. A review investigating the relationship between cannabis 
use and adolescent cognitive functioning. Curr Opin Psychol 
2021; 38: 38–48.  

10. Hasin D, Walsh C. Cannabis use, cannabis use disorder, and 
comorbid psychiatric illness: a narrative review. J Clin Med 
2020; 10(1): 15.  

11. Pacheco-Colón I, Ramirez AR, Gonzalez R. Effects of adolescent 
cannabis use on motivation and depression: A systematic re-
view. Curr Addict Rep 2019; 6(4): 532–46. 



Page 100 VOJNOSANITETSKI PREGLED Vol. 82, No. 2 

Čanković D, et al. Vojnosanit Pregl 2025; 82(2): 94–100. 

12. World Health Organization. The health and social effects of 
nonmedical cannabis use [Internet]. Geneva: WHO; 2016. [cit-
ed 2024, May 9; accessed 2024 Nov 1]. Available from: 
https://www.who.int/publications/i/item/9789241510240 

13. European Monitoring Centre for Drugs and Drug Addiction. Europe-
an Drug Report 2022: Trends and Developments [Internet]. 
Luxembourg: Publications Office of the European Union; 
2022 [cited 2024, May 23; accessed 2024 Nov 1]. Available 
from: https://www.emcdda.europa.eu/system/files/publicati 
ons/14644/TDAT22001ENN.pdf  

14. ESPAD Group. ESPAD Report 2019: Results from the Euro-
pean School Survey Project on Alcohol and Other Drugs [In-
ternet]. Luxembourg: EMCDDA Joint Publications, Publica-
tions Office of the European Union; 2020 [cited 2024, June 
15; accessed 2024, Nov 1]. Available from: 
http://www.espad.org/sites/espad.org/files/2020.3878_EN_
04.pdf 

15. Institute of Public Health of Serbia. The 2019 Serbian National 
Health Survey [Internet]. OMNIA BGD: EU for Develop-
ment of Statistics in Serbia; 2021 [cited 2024, June 20; accessed 
2024, Nov 1]. Available from: http://publikacije.stat.gov.rs/ 
G2021/pdfE/G20216003.pdf 

16. Goldman MS, Brown SA, Christiansen BA. Expectancy theory: 
Thinking about drinking. In: Blane HT, Leonard KE, editors. 
Psychological theories of drinking and alcoholism. New York: 
Guilford Press; 1987. pp. 181–226. 

17. Schafer J, Brown SA. Marijuana and cocaine effect expectancies 
and drug use patterns. J Consult Clin Psychol 1991; 59(4): 
558–65. 

18. Pedersen ER, Miles JN, Osilla KC, Ewing BA, Hunter SB, D’Amico 
EJ. The effects of mental health symptoms and marijuana ex-
pectancies on marijuana use and consequences among at-risk 
adolescents. J Drug Issues 2015; 45(2): 151–65.  

19. Buckner JD, Schmidt NB. Marijuana effect expectancies: Rela-
tions to social anxiety and marijuana use problems. Addict Be-
hav 2008; 33(11): 1477–83.  

20. Galen LW, Henderson MJ. Validation of cocaine and marijuana 
effect expectancies in a treatment setting. Addict Behav 
1999; 24(5): 719–24.  

21. Hayaki J, Hagerty CE, Herman DS, de Dios MA, Anderson BJ, 
Stein MD. Expectancies and marijuana use frequency and se-
verity among young females. Addict Behav 2010; 35(11): 995–
1000.  

22. Aarons GA, Brown SA, Stice E, Coe MT. Psychometric evalua-
tion of the marijuana and stimulant effect expectancy ques-
tionnaires for adolescents. Addict Behav 2001; 26(2): 219–
36.  

23. Hayaki J, Herman DS, Hagerty CE, de Dios MA, Anderson BJ, 
Stein MD. Expectancies and self-efficacy mediate the effects of 
impulsivity on marijuana use outcomes: An application of the 
acquired preparedness model. Addict Behav 2011; 36(4): 389–
96.  

24. Guillem E, Notides C, Vorspan F, Debray M, Nieto I, Leroux M, et 
al. Cannabis expectancies in substance misusers: French valida-
tion of the marijuana effect expectancy questionnaire. Am J 
Addict 2011; 20(6): 543–54.  

25. Schmits E, Quertemont E, Guillem E, Mathys C. Validation of the 
Marijuana Effect Expectancies Questionnaire (MEEQ) in a 
non-clinical French-speaking adolescent sample. Psychol Belg 
2016; 56(1): 23–41.  

26. Wild D, Grove A, Martin M, Eremenco S, McElroy S, Verjee-Lorenz 
A, et al. Principles of Good Practice for the Translation and 
Cultural Adaptation Process for Patient-Reported Outcomes 
(PRO) Measures: report of the ISPOR Task Force for Transla-
tion and Cultural Adaptation. Value Health 2005; 8(2): 94–104. 

27. Lloret Irles D, Morell-Gomis R, Laguía A, Moriano JA. Design and 
validation of a Cannabis Use Intention Questionnaire (CUIQ) 
for adolescents. Adicciones 2018; 30(1): 54–65.  

28. Bokan D, Dinić B, Čanković D, Čanković S, Nićiforović-Šurković O, 
Đurica B.  Psychometric properties of the Serbian adaptation 
of the cannabis use intention questionnaire (CUIQ) among 
secondary medical school adolescents. J Subst Use 2022; 27(6): 
641–7.  

29. Rosseel Y. lavaan: An R package for structural equation model-
ing. J Stat Softw 2012; 48(2): 1–36.  

30. Hu LT, Bentler PM. Cutoff criteria for fit indexes in covariance 
structure analysis: Conventional criteria versus new alterna-
tives. Struct Equ Modeling 1999; 6(1): 1–55.  

31. Revelle W. Psych: Procedures for psychological, psychometric, 
and personality research [Internet]. Evanston, Illinois: North-
western University; 2020. R package version 2.0.12. [cited 
2023, July 1; accessed 2024 Nov 1]. Available from: 
https://CRAN.R-project.org/package=psych 

32. Shrout PE, Lane SP. Psychometrics. In: Mehl MR, Conner TS, 
editors. Handbook of research methods for studying daily life. 
New York: Guilford Press; 2012. pp. 302–20. 

33. Fornell C, Larcker DF. Evaluating structural equation models 
with unobservable variables and measurement error. J Mark 
Res 1981; 18(1): 39–50. 

34. Official Gazette of the Republic of Serbia No. 45/2013, 25/2019. 
The Law on Patients’ Rights of the Republic of Serbia [Inter-
net]. Belgrade: Official Gazette of the Republic of Serbia; 2019 
[cited 2024 May 14; accessed 2024 Nov 1]. Available from: 
https://www.paragraf.rs/propisi/zakon_o_pravima_pacijenat
a.html 

35. Dunn TJ, Baguley T, Brunsden V. From alpha to omega: A prac-
tical solution to the pervasive problem of internal consistency 
estimation. Br J Psychol 2014; 105(3): 399–412.    

36. Harman HH. Modern Factor Analysis. 2nd ed. Chicago: The 
University of Chicago Press; 1976. p. 487. 

Received on August 26, 2024 
Revised on October 22, 2024 

Accepted on October 29, 2024 
Online First January 2025 

 

https://www.who.int/publications/i/item/9789241510240
http://www.espad.org/sites/espad.org/files/2020.3878_EN_04.pdf
http://www.espad.org/sites/espad.org/files/2020.3878_EN_04.pdf
https://cran.r-project.org/package=psych
https://www.paragraf.rs/propisi/zakon_o_pravima_pacijenata.html
https://www.paragraf.rs/propisi/zakon_o_pravima_pacijenata.html


Vojnosanit Pregl 2025; 82(2): 101–107. VOJNOSANITETSKI PREGLED Page 101 

Correspondence to: Min Shao, Anhui Medical University, First Affiliated Hospital of Hefei, Anhui, China, 230 001.  
E-mail: minshao130@gmail.com, shaomin@ahmu.edu.cn 

O R I G I N A L  A R T I C L E  

  

 UDC: 614.253.5:374.713.98 
DOI: https://doi.org/10.2298/VSP240902009Z 

Study on the application effect of CDIO-based training mode in 
ECMO training for ICU nurses 

Studija o efektu primene režima obuke zasnovanog na CDIO u ECMO obuci 
medicinskih sestara na odeljenju intenzivne nege  

 
1Rui Zhu, 1Yufang Geng, Jingjing Li, Min Shao 

Anhui Medical University, First Affiliated Hospital, Hefei, Anhui, China 

 
1These authors contributed equally to this study 
 
Abstract 
 
Background/Aim. Nurses in the intensive care unit (ICU) 
must have strong professional skills due to excessive 
workloads, high nursing risk events, and frequent nurse-
patient disagreements. The aim of the study was to examine 
the use of Conceive, Design, Implement, and Operate 
(CDIO)-based teaching modalities in ICU nurses’ 
extracorporeal membrane oxygenation (ECMO) training 
and find ways to increase training quality and professional 
capabilities. Methods. This study included 60 nurses and 
100 ICU patients, selected from January 2020 to December 
2021. They were split into an observation group (OG) and a 
control group (CG) (30 nurses and 50 patients each) based 
on ECMO nurse training methods. OG used CDIO-based 
training, whereas CG used ordinary training. Nurses’ 
theoretical knowledge, fundamental nursing skills, 
professional nursing skills, Competency Inventory for 
Registered Nurses (CIRN) score, Critical Thinking 

Disposition Inventory-Chinese Version (CTDI-CV) score, 
and self-efficacy (General Self-Efficacy Scale – GSES) score 
were assessed. Results. Nurses’ theoretical knowledge, 
basic skills, and professional skills were significantly greater 
(p < 0.05) in OG (95.34 ± 1.97, 56.84 ± 1.97, 36.19 ± 2.04) 
than in CG (87.11 ± 2.82, 51.17 ± 2.42, 31.52 ± 2.38). After 
training, nurses in OG had higher combined scores in 
CIRN, CTDI-CV, and GSES (75.84 ± 9.59) compared to 
CG (67.35 ± 8.43, p < 0.05). Conclusion. ICU nurses’ 
ECMO training benefits from CDIO-based modalities. It 
may considerably increase nurses’ evaluation outcomes, core 
competency, critical thinking, self-efficacy, and self-learning. 
Training quality is far greater than traditional training, 
making it worthy of promotion and utilization. 
 
Key words:  
extracorporeal membrane oxygenation; intensive care 
units; education; nurse clinicians; professional 
competence. 

Apstrakt 
 
Uvod/Cilj. Medicinske sestre na odeljenju intenzivne nege 
(intensive care unit – ICU) moraju imati napredne 
profesionalne veštine zbog prevelikog opterećenja, događaja 
visokog rizika kojima su izložene i čestih neslaganja između 
sestara i bolesnika. Cilj rada bio je da se ispita upotreba 
nastavnih modaliteta zasnovanih na konceptu, dizajnu, 
primeni i rukovanju (Conceive, Design, Implement, and Operate – 
CDIO) u obuci medicinskih sestara za ekstrakorporalnu 
membransku oksigenaciju (extracorporeal membrane oxygenation 
– ECMO) na ICU i da se nađe način za povećanje kvaliteta 
obuke i profesionalnih sposobnosti. Metode. Studijom je 
obuhvaćeno 60 medicinskih sestara i 100 bolesnika na ICU, 
izabranih u periodu od januara 2020. do decembra 2021. 
godine. Bili su podeljeni na posmatranu grupu (PG) i 
kontrolnu grupu (KG) (u svakoj po 30 sestara i 50 

bolesnika) na osnovu metoda obuke medicinskih sestara za 
ECMO. Grupa PG je koristila obuku zasnovanu na CDIO, 
dok je KG koristila uobičajenu obuku. Procenjivani su 
teorijsko znanje medicinskih sestara, osnovne veštine, 
zahtevnije veštine, skor Competency Inventory for Registered 
Nurses (CIRN), skor Critical Thinking Disposition Inventory-
Chinese Version (CTDI-CV) i skor General Self-Efficacy Scale 
(GSES). Rezultati. Teorijsko znanje, osnovne veštine i 
profesionalne veštine medicinskih sestara bile su značajno 
veće (p < 0,05) u PG (95,34 ± 1,97, 56,84 ± 1,97, 36,19 ± 
2,04) nego u KG (87,11 ± 2,82, 51,17 ± 2,42, 31,52 ± 2,38). 
Posle obuke, medicinske sestre u grupi PG imale su više 
rezultate kombinacije skorova CIRN, CTDI-CV i GSES 
(75,84 ± 9,59) u poređenju sa KG (67,35 ± 8,43, p < 0,05). 
Zaključak. Primena modaliteta zasnovanih na CDIO je 
korisna za obuku medicinskih sestara na ICU za ECMO. To 
može značajno povećati ishod procene, osnovnu 
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kompetenciju, kritičko razmišljanje, samoefikasnost i 
samoučenje medicinskih sestara. Kvalitet obuke je daleko 
veći od tradicionalne obuke, što je čini vrednom promocije i 
primene. 
 

Ključne reči: 
oksigenacija, ekstrakorporalna, membranska; 
intenzivna nega, odeljenja; obrazovanje; medicinski 
tehničari; kompetencija, profesionalna. 

 

Introduction 

The intensive care unit (ICU) has the characteristics of 
heavy workloads, a high incidence of nursing risk events, 
and easy-to-cause nurse-patient disputes, so it requires very 
high professional skills from nurses 1. However, due to the 
influence of educational level, training, and other factors, 
ICU nurses’ professional skills are uneven, and some ICU 
nurses’ clinical thinking ability is not high, resulting in their 
poor emergency response ability, low work efficiency, and 
frequent nursing errors 2. For that reason, it is necessary to 
train ICU nurses systematically in order to improve their pro-
fessional skills. Extracorporeal membrane oxygenation 
(ECMO) is a new technology for rescuing the lives of criti-
cally ill patients 3. The establishment, maintenance, and 
removal of the tubing need to be completed by skilled nurs-
es. Therefore, it is necessary to enhance ECMO training for 
ICU nurses. Conceive, Design, Implement, and Operate 
(CDIO) is a new training mode. This training mode attaches 
importance to “learning and doing”, requiring students to 
practice constantly by learning and mastering skills in prac-
tice in order to cultivate their comprehensive ability 4. 

With the progress of science and technology, innovation 
has been raised to the height of national strategy in countries 
all over the world 5. Nursing is the key force in medical devel-
opment, but its professional and academic level lags behind 
clinical medical treatment. The fundamental reason is the lack 
of nursing innovation 6. Some studies have shown that the in-
novative behavior of clinical frontline nursing staff is at a me-
dium level 7. Therefore, it is necessary to take the initiative to 
adjust the talent training mode to meet the demand for innova-
tive nursing talents for the current development of health 
care 8. Curriculum education is the core of innovation educa-
tion. However, the development of the nursing innovation cur-
riculum in China is still in its nascent stage. Hence, the most 
important task is to develop nursing education to create an in-
novative nursing curriculum and to seek a reasonable teaching 
design 9. CDIO is a classic mode of engineering education at 
Massachusetts Institute of Technology that emphasizes that 
engineering education should focus on practice and place the 
education process in the specific context of the product or sys-
tem life cycle. It is also an educational mode based on cultivat-
ing students’ abilities with the aim of cultivating innovative 
talents. The CDIO concept has been widely applied in the field 
of applied talent cultivation because of its obvious effect on 
improving teaching quality and promoting talent cultivation 10. 

Applying CDIO to ECMO training for ICU nurses can 
improve their training effect and professional skills to a cer-
tain extent 11. The aim of the study was to analyze the appli-
cation effect of CDIO-based training mode in ICU nurses’ 

ECMO training regarding their assessment results, core 
competence, critical thinking ability, self-efficacy, and self-
learning ability. 

Methods 

The study included a total of 60 nurses and 100 patients 
who were chosen as the subjects from the ICU of the First 
Affiliated Hospital of Anhui Medical University, China 
between January 2020 and December 2021. The participants 
were categorized into a control group (CG) and an 
observation group (OG), with 30 nurses and 50 patients each. 
The division was based on the various types of ECMO 
training for nurses. 

The nurses in CG were all female, aged 20 to 42 years, 
with an average age of 28.87 ± 3.36 years. The length of 
service was 1–8 years, with a mean length of 4.43 ± 1.60 
years. Among the professional titles were 2 head nurses, 5 
staff nurses, and 23 junior nurses. Among them, there were 12 
junior college students, 8 undergraduate students, and the other 
10 nurses. The patient sample size consisted of 28 males and 
22 females, with a mean age of 35.47 ± 7.25 years. 

In OG, all the nurses were female, aged 20 to 43 years, 
with an average age of 28.91 ± 3.34 years. The length of 
service was 1–8 years, with a mean length of 4.45 ± 1.58 
years. Among the professional titles, there were 2 head nurses, 
5 staff nurses, and 23 junior nurses. Among them, there were 
13 junior college students, 7 undergraduate students, and the 
other 10 nurses. There were 50 patients in total, 27 males and 
23 females. The median age was 35.50 ± 7.23 years.  

This study was approved by the Ethics Committee of 
the First Affiliated Hospital of Anhui Medical University, 
China (Reg. No. 45546/CDIO/2020) and was executed 
according to the ethical standards outlined in the Declaration 
of Helsinki. Written informed consent was obtained from 
each participant. 

Study requirement criteria 

Inclusion criteria for nurses were as follows: ICU 
nurses who were in service in 2020 and 2021; nurses with 
certain ICU nursing knowledge and operation skills; those 
who completed the ECMO training and passed the 
examination; those who were able to accept a questionnaire 
survey and understand the purpose of the questionnaire 
survey; those who know about the research and participate 
voluntarily. Exclusion criteria were as follows: those who 
failed to complete the training or pass the assessment; those 
who were unable to express personal wishes accurately; 
nurses unwilling to cooperate with the investigation. 
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Patient inclusion criteria were as follows: those with 
complete medical records; patients who stayed in the ICU for 
treatment; those who understood the purpose of the 
questionnaire and participated voluntarily. Exclusion criteria 
were the following: mental illness; death due to ineffective 
treatment; patients unable to express personal wishes 
accurately; patients unwilling to cooperate with the 
investigation. 

Both groups of nurses completed the training under the 
guidance of the teachers, and the teachers’ qualifications 
were the same. Prior to the training, the teachers prepare 
lessons and access relevant materials via the Internet to 
master the relevant knowledge of the training mode. 

For the CG routine, ordinary training mode was used. 
According to the training plan formulated by the department, 
nurses should be organized to carry out unified training, 
focusing on theoretical teaching. The teachers use 
multimedia equipment and courseware to explain relevant 
knowledge to nurses according to the content of the syllabus. 
Nurses listen, take notes, and recap on their own after class. 
At the same time, teaching was conducted in stages 
according to the different teaching contents. The teacher led 
the nurses to make ward rounds, asked them questions, and 
gave explanations according to the characteristics of cases, 
clinical diagnoses, and treatment problems. During the 
training, a demonstration of an operation is performed using 
the traditional method, and then the operation is performed 
by a nurse. 

In contrast, the CDIO-based training mode was applied 
for the OG routine. The CDIO-based training includes con-
tents described in the following paragraphs.  

Conception – used to evaluate nurses before training us-
ing the scales of core competence, critical thinking ability, 
emergency response ability, post-competence, self-efficacy, 
and self-learning ability. This is done in order to understand 
their professional level, professional ability, and cognition 
and formulate training plans according to the requirements of 
ICU nurses. At the same time, conception summarizes the 
problems and causes in the ECMO regarding the work of 
nurses with the ICU patients, including the pre-flushing of 
the membrane lung and tubing, ECMO puncture and cathe-
terization, membrane lung replacement, etc. It defines the 
methods and objectives to improve the quality of ECMO 
care and devises the CDIO-based training framework.  

Design – based on evidence-based medicine, consulting 
relevant data, analyzing and summarizing CDIO training 
mode and ECMO nursing guidance and literature, combining 
department nursing requirements, improving the nurse train-
ing system, and designing an ICU nurse training scheme 
based on CDIO training mode.   

Implementation – the main contents include pre-
training, joint exchange of retraining, and simulation exer-
cise. First, in the pre-training, the following steps are taken: 
establish a WeChat group, require all nurses to join, and pay 
attention to group messages. Before each training, the in-
structor uploads the training-related materials (including 
graphic materials and videos) to the WeChat group, requiring 
nurses to download the materials in advance, learn by them-

selves, mark the contents they do not understand, and consult 
the materials to supplement and expand the relevant 
knowledge points. Second, in the joint exchange of retrain-
ing, the teacher will systematically explain ECMO 
knowledge, including indications and contraindications of 
ECMO, preparations before operation, key points of opera-
tion and precautions, treatment, and remedial measures for 
complications, and provide reference materials and literature. 
Reserve some time in class, let the nurses exchange and dis-
cuss the learned knowledge in the form of group discussion, 
and guide the teachers to design problems, such as: should 
ECMO be used for severe hypoxia, how to select an ECMO 
mode, what are the common complications of ECMO, how 
to select an ECMO puncture tube, etc. A representative cho-
sen by the group answers the questions. The teacher will 
supplement and improve the answers and summarize the 
main knowledge points. Finally, in the simulation exercise, 
the following should be done: provide training and guidance 
for nurses on ECMO nursing operation technology; use sim-
ulators to conduct on-site simulation exercises; nurses can al-
so play different roles in conducting situational simulation 
exercises to feel the clinical atmosphere and improve opera-
tion technology.  

Operation – formulate the evaluation system, systemati-
cally evaluate the nurses in the middle of the training, sum-
marize the deficiencies in the training process, and put for-
ward improvement measures to correct and improve after the 
later training. At the same time, the nursing operation pro-
cess and specifications were compiled as the assessment 
standard manual to provide a quantifiable reference for the 
training effect of nurses. 

Observation indicators 

Assessment results, core competence, critical thinking 
ability, emergency response ability, post-competence, self-
efficacy, self-learning ability, work efficiency, and patient 
satisfaction were compared between the two groups.  

Assessment results: a unified assessment was conducted 
after the training, including theoretical knowledge, basic 
nursing skills, and professional nursing skills. The scores 
range from 0 to 100, 0 to 60, and 0 to 40, respectively. A 
higher score indicates superior performance.  

Core competence: assessed before and after the training 
using the Competency Inventory for Registered Nurses 
(CIRN) scale with five features, a five-level scoring 
technique (1–5 points), and a total score for each item. The 
higher the score, the better.  

Critical thinking ability: evaluated before and after the 
training using the Critical Thinking Disposition Inventory–
Chinese Version (CTDI-CV) scale, which includes thirst for 
knowledge, seeking the truth, analytical ability, an open 
mind, cognitive maturity, and confidence. To compute the 
average score for each item, the 6-level scoring system is 
used. The greater the score, the better 12.  

Emergency response-ability: the evaluation should be 
conducted before and after the training, including condition 
observation, emergency cooperation, and first aid operations. 
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There are 10 questions in total, and a 6-level scoring method 
is adopted. The higher the score, the better 13.  

Post-competency: evaluated before and after the 
training, with 8 items including theory, skills, management, 
and teaching, for an overall score of 100 points. The greater 
the score, the better 14, 15.  

Self-efficacy: assessed before and after the training 
using the General Self-Efficacy Scale (GSES), which has 10 
items and adopts the 4-level scoring method (1–4 points). 
The overall score ranges from 10 to 40 points. The greater 
the score, the better 16.  

Autonomous Learning Ability: evaluated before and 
after the training using the autonomous learning ability 
evaluation scale, which includes self-motivation belief, task 
analysis, self-monitoring and adjustment, self-evaluation, 
and the overall score calculation for each item. The higher 
the score, the better 17.  

Work efficiency: includes drug preparation time, 
instrument and equipment preparation time, venous access 
opening time, and rescue time.  

Patient satisfaction: evaluated after the training, 
according to the nurses’ nursing service to the patients, the 
patients were guided to fill out the questionnaire. The 
evaluation contents included service attitude, communication 
skills, nursing operation, problem-solving, etc., with an overall 
score of 100 points. According to the scoring results, they 
were divided into very satisfied (> 90 points), satisfied (70–90 

points), and dissatisfied (< 70 points). Patient satisfaction = 
(very satisfied cases + satisfied cases) / total cases × 100%. 

Statistical analysis 

SPSS 21.0 software was used to analyze the 
measurement data presented as mean ± standard deviation, 
run t-tests, analyze count data in percentages, and perform 
the Chi-square test. The value of p < 0.05 was considered 
statistically significant. 

Results 

OG and CG were examined for their nurses’ theoretical 
knowledge, fundamental nursing abilities, and professional 
nursing skills. The basic nursing skills of CG were 51.17 ± 
2.42, while those of OG were 56.84 ± 1.97, which also 
showed significant differences (p < 0.05). The professional 
nursing skills of CG were 31.52 ± 2.38, while those of OG 
were 36.19 ± 2.04. There is a significant difference 
(p < 0.05) (Table 1). 

The CTDI-CV scores of nurses in both groups were 
comparable before training (p > 0.05). However, following 
the training, the CTDI-CV score of nurses in OG was signif-
icantly higher than that of CG (p < 0.05) (Table 2). Figure 1 
illustrates the projected rate of survival in the external vali-
dation group of hospitals, as determined by the CTDI-CV 

Table 1 
Comparison of nurses’ assessment scores (expressed as points) 

Group Theoretical knowledge Basic nursing skills Professional nursing skills 
CG (n = 30) 87.11 ± 2.82 51.17 ± 2.42 31.52 ± 2.38 
OG (n = 30) 95.34 ± 1.97 56.84 ± 1.97 36.19 ± 2.04 
p < 0.05 < 0.05 < 0.05 
CG – control group; OG – observation group. 
Values are given as mean ± standard deviation. 

 
Table 2 

Effect of CDIO-based training on certain work  
characteristics according to nurse groups 

Parameter Before training* After training** 
CTA   

CG 1.95 ± 0.15 4.93 ±0.90 
OG 0.91 ± 0.08 2.68 ± 0.74 

NJC   
CG 67.68 ± 5.19 78.07 ± 5.84 
OG 67.70 ± 5.15 85.38 ± 6.23 

NSE   
CG 23.68 ± 4.69 28.89 ± 5.16 
OG 23.70 ± 4.65 34.61 ± 5.01 

CDIO – Conceive, Design, Implement, and Operate; CTA – critical 
thinking ability of nurses (according to Critical Thinking Disposition 
Inventory–Chinese Version Scale); CG – control group;  
OG – observation group; NJC – nurse job competencies; NSE – nurse 
self-efficacy (according to General Self-Efficacy Scale). 
Values (in points) are given as mean ± standard deviation. 
Both nurses’ groups consisted of 30 respondents each. 
Note: *–A statistically significant difference was not found between 
CG and OG groups for CTA, NJC, and NSE (p = 0.08,  
p = 0.752, and p = 0.067, respectively); **– A statistically significant 
difference was found between CG and OG groups for all observed 
parameters (p < 0.05).  
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score. The survival rate was significantly lower in risk clas-
ses V and VI (i.e., Respiratory Extracorporeal Membrane 
Oxygenation Survival Prediction – RESP score < ˗2) com-
pared to risk classes III, II, and I (i.e., CTDI-CV score ≥ ˗1) 
(15.5% vs. 91.5%, respectively). The CTDI-CV score 
showed outstanding performance in external validation 
[c = 0.92 (95% confidence interval – CI: 0.89–0.97)], but the 
Simplified Acute Physiology Score (SAPS) II showed sub-
stantially weaker discrimination [c = 0.60 (95% CI: 0.51–
0.70)]. 

The pre-training competence scores of nurses in both 
groups were statistically equivalent (p > 0.05). However, the 
post-training competency score of nurses in OG was signifi-
cantly greater than that of CG (p < 0.05) (Table 2). 

GSES scores of nurses in both groups before training 
showed no significant difference (p > 0.05). However, after 
the training, the GSES score of nurses in OG surpassed that 
of CG (p < 0.05) (Table 2). Further, the influence of GSES 
score on patient in-hospital survival was evaluated, which 
revealed a significant positive connection (Figure 2). GSES 

 
Fig. 1 – Individuals observed survival regarding  

CTDI-CV score within a 95% confidence interval. 
Each dot represents the observed survival percentage in the study 

population. Curved dotted gray lines and curved black lines represent 95 and 
99% confidence intervals, respectively, for predicted survival at each score level. 

CTDI-CV – Critical Thinking Disposition Inventory-Chinese Version. 
 

 
Fig. 2 – Correlation of GSES score and in-hospital survival of patients. 
Observed survival is expressed as mean ± standard deviation.  

Missing GSES score variables were allocated a zero score. 
GSES – General Self-Efficacy Scale. 

Note: the darker gray columns indicate the observation group  
and the lighter gray columns indicate the control group. 
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score was internally validated and showed fair discrimination 
[c = 0.73 (95% CI: 0.71–0.75)] and satisfactory calibration 
with a Hosmer-Lemeshow C statistic of 12.81 (p = 0.12). 

After training, the mean ± standard deviation of the 
combined scores of CIRN, CTDI-CV, and GSES for nurses 
in the OG was 75.84 ± 9.59, while for those in the CG, it was 
67.35 ± 8.43. The difference was statistically significant 
(p < 0.05). 

Discussion 

With the advancement of people’s living standards, pa-
tients’ expectations for the quality of nursing care have risen 
in recent years 18. Especially for ICU patients, because of the 
critical condition and high mortality, it is particularly im-
portant to do a good job of nursing 19. ECMO is an important 
means to rescue critically ill patients. Statistics show that the 
success rate of this treatment method for critically ill patients 
can reach 57% 20. However, ECMO has high technical re-
quirements for operation, and there are great nursing risks in 
practice. Therefore, standardized training is a top priority 21. 

Empirical evidence has shown that implementing scien-
tific and efficient training programs may greatly enhance 
nurses’ expertise and abilities, prevent nursing mistakes, and 
contribute to the general advancement of the department’s 
diagnostic and treatment capabilities 22. The conventional 
training mode is a “cramming and inculcating” training 
mode, which mainly focuses on teaching, helping, and lead-
ing. The teacher is the main body of the training 23. The nurs-
ing students listen and absorb, and the teaching content is 
mainly theoretical knowledge, lacking training in clinical 
practice and operation technology, resulting in poor results. 
In addition, the status of nursing students is weakened under 
this mode, so their learning enthusiasm is also low, resulting 
in a poor learning effect 24. Therefore, it is essential to inno-
vate the ECMO training mode for nurses in the ICU. CDIO 
training mode has been widely used in many fields. This 
training mode advocates “doing while learning” and “learn-
ing by doing”. It not only attaches importance to the accumu-
lation of theoretical knowledge but also to the improvement 
of practical ability and the cultivation of professional quality. 
In this mode, the teachers first investigate and understand the 
current situation of nurses, evaluate their abilities in all as-
pects, and then conceive and design training programs and 
objectives, which lay a good foundation for the smooth de-
velopment of later training. During the training, the nurses 
should preview and mark the places they do not understand. 
This will help improve the nurses’ initiative in classroom 
learning and improve their understanding of knowledge and 
learning effects. Group discussion was conducted before the 
end of the class to cultivate nurses’ team spirit and ability to 
solve problems independently. In practice teaching, situa-
tional teaching has been adopted to improve nurses’ sense of 
clinical experience and clinical thinking, which helps stimu-
late nurses’ analysis ability and emergency response-ability. 

The present investigation was conducted to clarify the 
application advantages of CDIO-based training modes and 
provide references for the formulation of training programs. 

This study has compared the application effects of the 
conventional training mode and the CDIO-based training 
mode. The findings indicated that the nurses in OG exhibited 
superior assessment outcomes. Specifically, their CIRN 
score, CTDI-CV score, emergency response ability score, 
post-competency score, GSES score, and self-learning ability 
score all demonstrated higher values following the training. 
These results suggest that the patients in OG experienced 
significant enhancements in their abilities after the training, 
thereby instilling greater confidence in their post-work per-
formance. In contrast, previous situations and research on 
nursing innovation education in our country are not objec-
tive. As a first-level discipline, the nursing specialty needs to 
keep up with medical development, carry out innovative ed-
ucation for nurses, and cultivate innovative abilities, the driv-
ing force for the development of the discipline. We cannot 
ignore that nurses are currently limited to the role of doctors’ 
assistants and finish the nursing work passively. They ought 
to give full play to their subjective initiative, find work-
related problems on time, innovate and improve constantly, 
and apply the results to clinical practice to improve patient 
service quality and realize self-value. Innovation education is 
fundamental for enhancing innovation ability, but nursing 
innovation education and research in China started late. 
From the perspective of this study, we need to seek to set up 
a “nursing innovation” course, advocating the combination 
of professional education and innovation. The study’s draw-
back was attributed to the absence of lucidity in the mecha-
nism. Furthermore, the patient population is not substantial, 
which necessitates further verification. 

Conclusion 

In a nutshell, the application of Conceive, Design, 
Implement, and Operate-based training mode in intensive 
care unit nurse extracorporeal membrane oxygenation 
training has a notable effect, which can significantly improve 
nurses’ assessment results, core competence, critical thinking 
ability, emergency response ability, post competence, self-
efficacy, and self-learning ability, and can improve nurses’ 
work efficiency and patient satisfaction. The training quality 
is significantly higher than that of the conventional training 
mode, which is worthy of promotion and application. 
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Abstract 
 
Background/Aim. Flixweed (Descurainia sophia L.) bever-
age has been used in Persian medicine as an effective reme-
dy for constipation. Allyl isothiocyanate (AITC), the main 
ingredient of flixweed essential oil, has been claimed to reg-
ulate gastrointestinal contractility. The aim of the study was 
to stabilize the flixweed beverage, enhance its flavor, and 
determine the AITC content in the flixweed seeds (FS). 
Methods. To prepare a stable formulation of flixweed with 
desirable organoleptic properties, the optimal amount of 
tragacanth as a stabilizer, stevia as a sweetener, and lime and 
cinnamon powders as flavoring agents were mixed with 
flixweed solution. The shelf lives of the suspensions at 
room temperature (25 ºC) and refrigerator temperature 
(5 ºC) were evaluated. The viscosity and pH of the suspen-
sions were also investigated. Finally, flixweed essential oil 
was obtained using the Clevenger apparatus. The amount of 
AITC in FS essential oil was determined by gas chromatog-

raphy coupled with mass spectroscopy (GC-MS). Results. 
Based on our findings, two formulas, including FS (5 g), 
stevia (3 g), cinnamon (300 mg) or lime (400 mg), and 100 
mL of water, had the optimum textural and organoleptic 
properties. Furthermore, adding 0.5% tragacanth gum as a 
suspending agent was able to stabilize the FS beverage. 
From 200 g of FS, 0.14 mL of essential oil was extracted, 
which corresponded to 0.07% (v/w). GC-MS analysis re-
vealed that each 100 g of FS contained 24.85 mg of AITC, 
equating to 0.025% w/w AITC. Conclusion. Due to the 
presence of AITC in FS and the favorable characteristics of 
the FS suspension, this formulation, in the form of a sachet, 
can be suggested as an herbal supplement product for in-
dustrial production. 
 
Key words:  
beverages; constipation; dietary supplements; herbal 
medicine; plants, medicinal; plant weeds; seeds; 
suspensions; tragacanth.

Apstrakt 
 
Uvod/Cilj. Napitak od biljke flixweed (Descurainia sophia 
L.), koristi se u persijskoj medicini kao efikasan lek za 
konstipaciju. Smatra se da alil izotiocijanat (AITC), 
glavni sastojak eteričnog ulja biljke flixweed, reguliše 
gastrointestinalnu kontraktilnost. Cilj rada  bio je da se 
uradi stabilizacija i poboljša ukus napitka od biljke 
flixweed, kao i da se utvrdi sadržaj AITC u semenkama 
ove biljke. Metode. Da bi se pripremila stabilna 
formulacija biljke flixweed sa poželjnim organoleptičkim 
svojstvima, optimalna količina tragakanta kao 
stabilizatora, stevije kao zaslađivača i praha limete i 
cimeta kao arome, pomešana je sa rastvorom biljke 
flixweed. Procenjivani su rokovi trajanja suspenzija na 
sobnoj temperature (25 ºC) i temperaturi u frižideru 
(5 ºC). Takođe su ispitivani i viskozitet i pH suspenzija. 

Konačno, eterično ulje biljke flixweed dobijeno je 
pomoću aparata Clevenger. Količina AITC u eteričnom 
ulju semena biljke flixweed određena je gasnom 
hromatografijom u kombinaciji sa masenom 
spektrometrijom (GH-MS). Rezultati. Na osnovu naših 
nalaza, dve formule, koje su uključivale seme biljke 
flixweed (5 g), steviju (83 g), cimet (300 mg) ili limetu 
(400 mg) i 100 mL vode, imale su optimalnu teksturu i  
organoleptička svojstva. Takođe, dodavanje 0,5% 
tragakant gume kao sredstva za suspendovanje, 
omogućilo je da se napitak od semena biljke flixweed 
stabilizuje. Iz 200 g semena ove biljke, ekstrahovano je 
0,14 mL eteričnog ulja, što je odgovaralo 0,07% (v/w). 
Analizom pomoću GH-MS otkriveno je da svakih 100 g 
semena biljke flixweed sadrži 24,85 mg AITC, što 
odgovara 0,025% w/w. Zaključak. Zbog prisustva 
AITC u semenu biljke flixweed i povoljnih karakteristika 
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suspenzije semena ove biljke, ta formulacija se u obliku 
kesice može predložiti kao biljni dodatak za industrijsku 
proizvodnju.   
 

Ključne reči: 
napici; opstipacija; ishrana, dopune; fitomedicina; 
biljke, lekovite; korovi; seme; suspenzije; tragakant. 

 

Introduction 

Descurainia sophia (L.) Webb ex Prantl (DS), with 
the common name of flixweed, belongs to the Brassicaceae 
family 1, 2. In Persian medicine (PM), it is named khobbah, 
khaksheer, and khakshee 3, 4. 

The main ingredients of the fixed oil from the seeds of 
flixweed are fatty acids, including oleic, erucic, linolenic, 
linoleic, palmitic, and stearic acid. However, monoter-
penes, sesquiterpenes, and their derivatives are the major 
constituents in aerial parts 5. In addition, the volatile oils of 
flixweed seed (FS) contain benzyl, allyl, propenyl isothio-
cyanate, and allyl disulfide 6. 

Allyl isothiocyanate (AITC) or mustard oil is the most 
prevalent natural thiocyanate. AITC, with the chemical 
formula CH2 = CHCH2N = C = S, is a yellowish oily com-
pound insoluble in water with a boiling point of 152 ºC. 
Various techniques, including spectroscopic, silver nitrate 
titration, and chromatographic approaches, have been re-
ported for determining AITC 7–9. However, gas chromatog-
raphy (GC) is mainly used for measurements of isothiocya-
nates in samples of plant origin 10–12. 

Anticancer 13, antioxidant 14, analgesic, anti-
inflammatory 15, gastric antiulcer 16, and chemopreventive 
properties 17 are the different beneficial effects of AITC, 
which various studies have illustrated. Capasso et al. 18 in-
vestigated the effects of AITC on gastrointestinal motility 
in mice. Their in vitro experiments demonstrated that AITC 
decreased contractility in the ileum while promoting con-
tractions in isolated colonic smooth muscle. In vivo, AITC 
was found to reduce upper gastrointestinal transit following 
intraperitoneal injection but enhance motility when admin-
istered intragastrically. Their research indicated that AITC 
could either stimulate or inhibit motility, depending on the 
specific area of the gut and the method of administration. 
Interestingly, these effects were shown to be independent 
of transient receptor potential ankyrin 1 (TRPA1), a recep-
tor known to regulate gastrointestinal contractions. Addi-
tionally, Kojima et al. 19 confirmed AITC may be effective 
on both types of atonic and spastic constipation induced by 
clonidine and loperamide, respectively. 

According to the reports in the manuscripts of PM, 
flixweed has several therapeutic advantages. The seeds are 
aphrodisiacs and digestive tonics, possess appetizing prop-
erties, and facilitate childbirth. Not only does PM highlight 
the therapeutic benefits of medicinal plants, but it also in-
vestigates their potential side effects. Furthermore, it pro-
poses suitable interventions to alleviate these adverse ef-
fects. In the description of flixweed, headache is introduced 
as a potential side effect, which can be alleviated by apply-
ing tragacanth. Additionally, topical dosage forms of 
flixweed, whether used alone or in combination with other 

medications, have been employed in the treatment of condi-
tions such as uterine wounds, mastitis, gout, eye ulcers, tes-
ticular swelling, and cancer 3, 4. Dr. Ahmadieh 20, in his 
book Raze Darman (Secret of treatment), has prescribed 
DS as an effective remedy for the evacuation of black bile 
(soda) from the body as a main cause of diseases such as 
palpitation, eczema, low libido in men and women, dyspep-
sia, varicose veins, hematologic diseases, varicoceles, con-
stipation, and hemorrhoids. Moreover, different pharmaco-
logical effects of flixweed have been addressed by several 
studies, including antiashmatic 21, 22, anti-tussive and expec-
torant 23, antioxidant 24, antipyretic and analgesic 25, as well 
as anti-inflammatory properties 23–25. Furthermore, its role 
in the treatment of constipation 26–28 and its cardioprotec-
tive 29, anthelmintic 30, cytotoxic 31, anti-hyperthyroid 32, 
and antidiuretic qualities 33, as well as the ability to allevi-
ate thirst, have been stated 34. 

Constipation is one of the most common gastrointes-
tinal complaints 35. Flixweed remedy (made of flixweed, 
hot water, and sugar) has been introduced in PM as an ef-
fective intervention in constipation 20. Despite health ben-
efits, instability due to the precipitation of FS is one of 
the most important challenges for the commercial produc-
tion of beverages as a supplementary remedy for constipa-
tion. 

Due to the lack of medicinal products from flixweed 
in the pharmaceutical market, the aim of this study was to 
design an oral dosage form of flixweed and examine its 
physicochemical properties. For the determination of AITC 
in the extracted essential oils of FSs, GC coupled with mass 
spectrometry – MS (GC-MS) was used. 

Methods 

FSs, tragacanth and acacia gums, stevia, red sugar, 
cinnamon (Cinnamomum verum J. Presl) bark, lime [Citrus 
aurantifolia (Christm.)  Swingle] fruit, and damask rose 
(Rosa damascena Mill.) flower powder were purchased 
from an herbal medicine shop in Rasht, Iran. The standard 
form of AITC was purchased from Titrachem Co. All for-
mulations were prepared with deionized water. A voucher 
specimen of FS (GUMS-D2) was deposited at the Herbari-
um of the School of Pharmacy, Guilan University of Medi-
cal Sciences, Rasht, Iran. This study was approved by the 
Ethics Committee of Guilan University of Medical Scienc-
es on May 19, 2021 (No. IR.GUMS.REC.1400.068). 

 
Essential oil extraction 
 
Due to the presence of AITC in flixweed, for this 

study, we used the Clevenger apparatus and water distilla-
tion method to extract the essential oil. Flixweed in the 

https://www.sciencedirect.com/topics/pharmacology-toxicology-and-pharmaceutical-science/cinnamomum-zeylanicum
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amount of 200 g was powdered and added to a round-
bottom flask, and then distilled water was added. The opti-
mum essential oil amount was obtained after 3 hrs. 

 
Gas chromatography – mass spectroscopy analysis 
 
GC-MS analyses were performed using an Agilent gas 

chromatograph (Agilent Technologies 7890B) equipped 
with an HP-5MS fused silica column (5% phenyl methyl 
polysiloxane 30 m × 0.25 mm i.d., film thickness 0.25 µm), 
interfaced with an Agilent mass selective detector 5977B 
(Agilent Technologies, USA) operated by Agilent Mas-
sHunter data acquisition software. The oven temperature 
program initiated at 50 ºC rose at 15 ºC/min to 180 ºC. 
Other operating conditions were as follows: carrier gas, he-
lium (He) (99.999%), with a flow rate of 1 mL/min; injec-
tor temperature 200 ºC; split ratio 1 : 20; mass spectra were 
taken at 70 electronvolts (eV) and solvent delay 1.7 min; 
the mass range was from 30–200 atomic mass units 
(AMU). 

The extracted essential oil in the amount of 10 µL was 
mixed with 10 µL of internal standard (anisole) and finally 
diluted with methanol up to 10 mL. Subsequently, 1 µL of 
the solution was analyzed by GC-MS. The concentration of 
AITC in the FSs was assessed using the internal standard 
calibration curve (300–900 ppm). 

 
Formulation of powder for suspension of flixweed 
seeds 
 
First, flixweed was formulated as a suspension in or-

der to figure out the appropriate ingredients and their quan-

tities. Then, the optimized ingredients were utilized as a 
dry homogenous powder dosage form to be packaged as 
“flixweed powder for suspension”. 

Selection and optimization of proper suspending agent 

Tragacanth and acacia gums were evaluated as the 
viscosity modifying and suspending agents in order to sta-
bilize the flixweed suspension and elongate the sedimenta-
tion rate for at least 24 hrs. Various concentrations of trag-
acanth and acacia were hydrated and stirred in distilled wa-
ter overnight to form a homogenous colloidal dispersion 
(Table 1). To figure out the minimum required concentra-
tion of gums for suspending the FSs, 5% w/v flixweed was 
added to each medium. 

 
Selection and optimization of proper sweetener and 
flavoring agent 
 
The selected basic formulation containing gum and 

flixweed was subjected to stevia and red sugar as natural 
sweeteners, alone and in combination. After optimization 
of the sweetening agent, cinnamon, lime, and rose flower 
powder were utilized as natural flavoring agents (Table 1). 

 
Taste and physicochemical evaluation of flavored 
formulations 
 
Two optimized final formulations were subjected to a 

taste panel study: O2 containing 0.3% w/v cinnamon and O4 
containing 0.4% w/v lime (Table 1). The panel consisted of 
eight healthy, non-smoking volunteers aged 23–67 years, 

Table 1 
Formulation optimization of flixweed suspension ingredients (%) 

BF Flixweed seed Tragacanth Acacia Stevia Red sugar Cinnamon Lime Rose DW 
S1 5 0.1 0 0 0 0 0 0 100 
S2 5 0.5 0 0 0 0 0 0 100 
S3 5 1 0 0 0 0 0 0 100 
S4 5 0 1 0 0 0 0 0 100 
S5 5 0 3 0 0 0 0 0 100 
S6 5 0 4 0 0 0 0 0 100 
K1 5 0.5 0 1 0 0 0 0 100 
K2 5 0.5 0 3 0 0 0 0 100 
K3 5 0.5 0 5 0 0 0 0 100 
K4 5 0.5 0 0 1 0 0 0 100 
K5 5 0.5 0 0 3 0 0 0 100 
K6 5 0.5 0 0 5 0 0 0 100 
K7 5 0.5 0 1.5 2.5 0 0 0 100 
K8 5 0.5 0 2.5 2.5 0 0 0 100 
O1 5 0.5 0 3 0 0.2 0 0 100 
O2 5 0.5 0 3 0 0.3 0 0 100 
O3 5 0.5 0 3 0 0 0.2 0 100 
O4 5 0.5 0 3 0 0 0.4 0 100 
O5 5 0.5 0 3 0 0 0 0.2 100 
O6 5 0.5 0 3 0 0 0 0.3 100 
BF – basic formulation; DW – distilled water. 
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both male and female. Panel members were asked to rate 
the taste and aftertaste using the following scale: 0 (unde-
sired) to 5 (ideal). All members tasted both formulations 
with a washing time of 24 hrs. 

Suspension viscosity was measured for the finally se-
lected formulation with the 0.5% w/v concentration of trag-
acanth as the suspending agent 24 hrs after preparation 
(Brookfield DVI-Prime, USA) at room temperature. 

The pH of the final formulation was measured using a 
pH meter (QIS, Proline B210, Oosterhout, Netherlands) at 
25 °C with three replicates. 

The stability of organoleptic properties (visual exami-
nation, smell, taste) of the formulations was checked at 
5 °C and 25 °C at 24 and 48 hrs. 

Results 

The minimum required concentrations of tragacanth 
and acacia that stabilized the FSs suspension were 0.5% 
and 3.5% w/v, respectively. Since a 3.5% acacia solution 
presented a high viscosity, which is undesirable for a drink, 
0.5% tragacanth was considered the optimal suspending 
agent for this product. Hence, formulation S2 was selected 
for sweetener optimization. 

Stevia and red sugar produced a desired sweet taste 
with at least 3% and 5% w/v, respectively. As red sugar 
was only available in paste form, it could not be used in 
powder dosage form, therefore, 3% stevia was used as the 
favorable sweetener (formulation K2). 

Flavoring agents, including cinnamon, lime, and rose 
flower powder, could successfully create an eligible taste, 
masking the undesired flavor of flixweed with minimum 
amounts of 0.3%, 0.4%, and 0.1% w/v, respectively. De-

spite the desirable flavor of rose flowers, the fine particles 
disfigured the suspension. Consequently, the two final for-
mulations, O2 and O4, were subjected to a taste panel study. 

The mean scores for taste and aftertaste of formulation 
O2 (cinnamon flavor) were 4 ± 0.961 and 3.5 ± 0.534, and 
for formulation O4 (lime flavor), they were 4.5 ± 0.534 and 
4 ± 0.462, respectively (Figure 1). However, the difference 
was not statistically significant. Due to its higher taste 
score, O4 was selected as the final formulation for further 
evaluation. 

The viscosity and pH of O4 as finally selected formu-
lation were reported to be 974 centipoise (cps) and 5.54 ± 
0.012 at room temperature. 

Formulations were stable at 24 hrs at 5 °C and 25 °C, 
and no changes in color, smell, or taste were observed. 
Moreover, the FSs remained suspended. However, after 48 
hrs of storage at both temperatures, an unpleasant bitter 
smell was detected. 

 
Allyl isothiocyanate content of flixweed seeds 
 
A calibration curve was created using four standard 

solutions with concentrations of 300 ppm, 500 ppm, 750 
ppm, and 900 ppm. The analytical response was determined 
by the peak area ratio of AITC compared to anisole (at 
1,000 ppm). The R-squared (R²) value for the calibration 
curve (Equation 1) was 0.994. 

The equation is: y = 0.0007x–0.1624; R2 = 0.944 
Eq.(1). Figure S1 (in the Supplementary materials) dis-
plays the total ion currents (TIC) for the standard solu-
tions, while the calibration curve for AITC is shown in 
Figure S2. Figure S3 shows the flow of the formulation 
optimization of powder for suspension of FS. 

 
Fig. 1 – Taste panel scores for O2 (cinnamon) and O4 (lime) flavors of flixweed seed suspensions. 

Note: Scale ranges from 0 (undesirable) to 5 (ideal). 
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Supplementary materials:  

 
Fig. S1 – Total ion currents of standard AITC solutions at different  
concentrations (300, 500, 750, and 900 ppm) replicated three times.  

AITCs came out around 4.76 min while anisole emerged around 5.21 min. 
AITC – allyl isothiocyanate. 

 

 
Fig. S2 – Calibration curve of AITC standards. Error bars present  

standard deviation based on three replicates. 
Conc. – concentration; AITC – allyl isothiocyanate; ppm – part per million. 

 

 
Fig. S3 – The process of formulation optimization of the powder for suspension of flixweed seeds. 

GC-MS – gas chromatography coupled with mass spectroscopy. 
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From 200 g of FSs, 0.14 mL of essential oil was ex-
tracted, which corresponded to 0.07% v/w. The essential 
oils of FSs were also analyzed by GC-MS, as shown in 
Figure 2. 

The identity of each peak was assigned using a Na-
tional Institute of Standards and Technology (NIST) library 
search. The data revealed that 100 g of FS contained 24.85 
mg of AITC, indicating that there was a 0.025% w/w con-
centration of AITC in the FS. 

Discussion 

The main objective of this study was to stabilize the 
flixweed beverage and improve its flavor. Based on our find-
ings, two optimal formulas for the beverage were identified. 
These formulas included FS (5 g), stevia (3 g), and either 
cinnamon (300 mg) or lime (400 mg) mixed with 100 mL of 
water. These formulas exhibited the best textural and organo-
leptic properties. Additionally, including 0.5% tragacanth 
gum as a suspending agent stabilized the FS suspension ef-
fectively. It has been suggested that tragacanth gum may al-
leviate the potential side effects associated with FS, as men-
tioned in the previous studies 3, 4. However, further research 
is necessary to provide more evidence for this claim. 

Considering the recommended dose of FS in PM 
texts 3, 4, a 10 g sachet of flixweed (along with the required 
ingredients) would be a desirable dosage form, leading to in-
creased stability. In PM, the flixweed drink has been tradi-
tionally prescribed as a cold or hot syrup, serving as a cool-
ing or laxative agent, respectively 25. Therefore, the designed 
sachet can be recommended for dual therapeutic goals in line 
with these traditional practices. 

According to the study conducted by Mohamed and 
Mahrous 25 in 2009, FS has been determined to be non-toxic 
up to a dosage of 2,500 mg/kg of body weight. This finding 
provides valuable information about the safety of FS when 
used within the recommended dosage range. 

In the field of flixweed formula research, numerous 
studies have been undertaken to investigate the utilization of 
different ingredients as flavoring agents or stabilizers. 

In their study, Hojjati et al. 36 demonstrated that the op-
timal formulation for a flixweed drink consisted of 5% seed, 
6% sugar, and 4% grape syrup. Furthermore, they found that 
incorporating a concentration of 0.3% xanthan gum effec-
tively prevented the separation of the syrup phase during a 
thirty-day storage period. 

Behbahani and Abbasi 37 investigated the impact of dif-
ferent concentrations of two native gums, Persian gum and 
gum tragacanth, along with their soluble and insoluble frac-
tions, on the stabilization of a Persian refreshing drink con-
taining flixweed or London rocket seeds (5% wt), basil 
seeds (0.5% wt), and sucrose (10% wt). Additionally, they 
examined the effect of ferric chloride (FeCl3) on the rheo-
logical and sensory properties of the drink. The results re-
vealed that the insoluble fraction of Persian gum at a con-
centration of 0.8% wt, the soluble fraction of gum traga-
canth at 0.05% wt, and the insoluble fraction of gum traga-
canth at 0.14% wt were effective in stabilizing flixweed in 
the syrup. Additionally, the presence of FeCl3 at a concen-
tration of 0.0025 mol/L induced the formation of a reversi-
ble gel when combined with the soluble fraction of gum 
tragacanth. In terms of sensory characteristics, the drink sta-
bilized with the soluble fraction of gum tragacanth at a con-
centration of 0.05% wt, demonstrating the highest similarity 
to the control sample. 

In another study, Hassanpour et al. 38 determined that a 
mixture of xanthan-guar gum and xanthan gum at a concen-
tration of 0.05 g/L had the most favorable effect on stabiliz-
ing flixweed particles in a suspension containing 15 g seed, 
25 g sugar, and 250 mL of water. 

To determine the content of AITC, FS essential oil ex-
traction was done with a yield of 0.07% v/w. In the study by 
Dekić 39, the percentage of extracted essential oil from fresh 
plants was 0.022% w/w. In a study conducted by Li et al. 5, 
the essential oil obtained from the entire aerial parts of the 
flixweed plant varied from 0.26% to 0.31%. Ara et al. 40 ex-
tracted essential oil from FS with a yield of 0.25% v/w. This 
difference can be related to the difference in the collection 
place of the plant, the time passed since the collection time, 
and the extraction method. Li et al. 5 proved in their study 

 
Fig. 2 – Total ion current of flixweed seeds essential oil. The chromatographic peaks represent:  

1) 3-methylcrotononitrile; 2) allyl isothiocyanate (AITC); 3) anisole; 4) 3-butenyl isothiocyanate;  
5) 2-isopropyl-5-methylcyclohexanone; 6) 2-isopropenyl-5-methylcyclohexanone. 
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that plant growth in different geographical areas significantly 
affects the amount and content of essential oil. Different eco-
logical environments, weather conditions, and other biologi-
cal factors can cause the observed difference. 

Our research found that AITC constituted 24.85% w/w of 
the total essential oil extracted from FSs. In a study by Dekić 39, 
it was noted that AITC made up 0.3% of the essential oil de-
rived from the underground parts of flixweed. However, there 
was no specific information regarding the presence or amount of 
AITC in the aerial parts or seeds of the plant. It is important to 
note that in Dekic’s 39 research, the reported AITC content was 
based on the peak area of AITC relative to the total peak area of 
the TIC. On the contrary, we determined the content using a cal-
ibration curve, which is a more reliable method. In our study, the 
peak area percentage of AITC was measured at 3.47%, based on 
three replicates. One possible reason for the differences in re-
sults may stem from the various plant parts used or differences 
in the geographic locations of the plants studied and extraction 
methods employed. In addition to AITC, several other com-
pounds were detected in the prepared essential oil, with their 
peak area percentages relative to the TIC presented in parenthe-
ses: 3-methylcrotononitrile (3.05%), 3-butenyl isothiocyanate 
(18.28%), 2-isopropyl-5-methylcyclohexanone (3.77%), and 2-
isopropenyl-5-methylcyclohexanone (3.24%). Among these 
compounds, 3-butenyl isothiocyanate was found to be the pre-
dominant component in the essential oil. This means that it was 
present in the highest concentration compared to the other de-
tected compounds. 

In a study by Breme et al. 41, the essential oil composition 
of two species, Brassica cretica and Brassica insularis, from 

the Brassicaceae family was analyzed using GC-MS. The re-
sults revealed that 3-butenyl isothiocyanate was the second 
dominant compound in the essential oil of both species. 

According to Dekić et al. 39, 3-butenyl isothiocyanate 
was identified in flixweed’s underground parts and constitut-
ed 27.3% of the total essential oil. However, it was not found 
in the aerial parts of the plant. This finding suggests that the 
composition and concentration of compounds can vary be-
tween different parts of the flixweed plant. 

Conclusion 

In the presented study, a flixweed seed suspension with 
desirable sensory properties and stability was formulated. It 
was found that a 10 g sachet was a suitable dosage form with 
stable organoleptic properties. A natural stabilizer was also 
identified, which could stabilize this supplementary drink 
and potentially alleviate the adverse effects of flixweed. Ad-
ditionally, allyl isothiocyanate was quantitatively determined 
in the formulation. Based on the presence of allyl isothiocya-
nate in flixweed seeds and the acceptable stability, organo-
leptic properties, pH, and viscosity of the flixweed seed sus-
pension, it can be suggested that this formulation in the form 
of a sachet is suitable for industrial production as an herbal 
supplement product. 
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Abstract 
 
Introduction. Renal anastomosing hemangioma (AH) is a 
very rare vascular tumor. This type of tumor is named so 
because of its unique histological structure, which resembles 
splenic sinusoidal structures. It may mimic malignant 
neoplasms, like angiosarcoma, which is why clinical and 
radiological examinations are insufficient for accurate 
diagnosis. Case report. We present a case of a 39-year-old 
male admitted to the Clinic for Nephrology at the Military 
Medical Academy, Belgrade, Serbia, for considering a living-
related kidney transplant due to the development of end-stage 
renal disease (ESRD). His father was identified as the 
prospective donor. During the patient’s pre-transplant 
evaluation, a suspect tumorous lesion in the left kidney was 
observed, and multislice computed tomography scanning of 
the abdomen and small pelvis was performed. This imaging 
revealed a lobulated soft tissue lesion measuring 
approximately 25 × 15 mm in the lower pole of the left 
kidney. Based on this finding, it was decided to proceed with 
a left nephrectomy to obtain a histopathological assessment 
of the lesion. The histopathological examination, 
complemented by immunophenotyping, led to the diagnosis 
of an AH in the kidney. Conclusion. The presented case 
emphasizes the importance of urgent surgical resection of the 
tumor mass in order to confirm the diagnosis and avoid any 
delay in patients scheduled for kidney transplantation. 
 
Key words:  
diagnosis, differential; hemangioma; 
immunohistochemistry; kidney failure, chronic; kidney 
transplantation; multidetector computed tomography; 
vascular neoplasms. 

Apstrakt 
 
Uvod. Anastomozirajući hemangiom (AH) bubrega je 
veoma redak vaskularni tumor. Ovaj tip tumora je tako 
nazvan zbog njegove jedinstvene histološke strukture, koja 
podseća na sinusoidne strukture slezine. Može ličiti na 
maligne neoplazme, kao što je angiosarkom, zbog čega 
kliničko i radiološko ispitivanje nije dovoljno za tačnu 
dijagnozu. Prikaz bolesnika. Prikazujemo 39-godišnjeg 
muškarca, koji je primljen na Kliniku za nefrologiju 
Vojnomedicinske akademije u Beogradu, Srbija, radi 
razmatranja transplantacije bubrega od živog srodnika zbog 
razvoja terminalne bubrežne bolesti. Kao potencijalni donor 
bubrega određen je otac bolesnika. Tokom 
pretransplantacijske procene bolesnika, primećena je 
sumnjiva tumorska lezija u levom bubregu i urađena je 
multislajsna kompjuterizovana tomografija trbuha i male 
karlice. Ovim pregledom je u donjem polu levog bubrega 
otkrivena lobulirana mekotkivna promena, veličine približno 
25 × 15 mm. Zbog navedenog nalaza, odlučeno je da se 
uradi uklanjanje levog bubrega, radi histopatološke potvrde 
promene. Patohistološkom analizom, dopunjenom 
imunofenotipizacijom, dijagnostikovan je AH u bubregu. 
Zaključak. Prikazani slučaj naglašava značaj hitne hirurške 
resekcije tumorske mase radi potvrde dijagnoze i 
izbegavanja odlaganja planirane intervencije kod bolesnika 
kod kojih je planirana transplantacija bubrega. 
 
Ključne reči: 
dijagnoza, diferencijalna; hemangiom; 
imunohistohemija; bubreg, hronična insuficijencija; 
transplantacija bubrega; tomografija, kompjuterizovana, 
multidetektorska; krvni sudovi, neoplazme. 

 

Introduction 

Primary vascular tumors of the kidney are exceedingly 
rare, which represents a paradox considering the kidney’s 

robust blood supply, as it is believed to receive nearly one-
quarter of the cardiac output. The majority of such cases 
have been documented as isolated reports in medical 
literature. Montgomery and Epstein 1 have described a new 
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variant of renal capillary hemangiomas, characterized by 
distinctive features that combine sinusoidal and hobnail 
patterns, typical of hemangiomas of the skin and soft tissues. 
Hemangiomas, more prevalently found in the skin and 
subcutaneous tissues, are less frequent in visceral locations, 
with the liver being the most common site 2. Histologically, 
hemangiomas are broadly categorized into cavernous and 
capillary types 3, 4. A novel variant of renal capillary 
hemangiomas, characterized by distinct features 
amalgamating both sinusoidal and hobnail patterns, typically 
observed in skin and soft tissue hemangiomas, was 
delineated by Montgomery and Epstein 1 in 2009. This tumor 
type was designated as “anastomosing hemangioma” (AH) 
due to its unique histological structure reminiscent of splenic 
sinusoids. AH was acknowledged in the 2020 World Health 
Organization classification of soft tissue tumors. Isolated 
renal AH accounts for 22% of cases and is typically 
identified as an incidental finding during imaging. The lesion 
usually presents as solitary, although instances of bilateral 
and multifocal occurrence have been documented. The 
radiological characteristics of AH are nonspecific, which 
complicates the presurgical diagnostic process. Differential 
diagnoses, which depend on the location of the AH, include, 
among others, angiosarcoma, clear-cell renal cell carcinoma 
(RCC), ectopic paraganglioma, and pheochromocytoma 5. 

Interestingly, AHs are predominantly observed in 
patients with end-stage renal disease (ESRD) 6. Initially 
believed to be exclusive to the genitourinary system, with a 
particular affinity for the kidneys 1, 7, 8, AH has since been 
identified in other parts of the body, including the testes, 
thighs, the abdominal wall 1, ovaries 7, the adrenal gland 8, 
the liver, and the gastrointestinal tract 9. Despite its benign 
nature, the radiological profiles of AHs closely resemble 
those of RCCs 1, 10, the most prevalent form of kidney cancer 
in patients with ESRD 11. 

We present a case of AH, definitively diagnosed by 
histological examination after nephrectomy. 

Case report 

A 39-year-old male was admitted to the Clinic for 
Nephrology at the Military Medical Academy, Belgrade, 

Serbia, for a potential living-related kidney transplantation 
(KT) from his father as the donor. The patient has been on 
maintenance hemodialysis since October 2022. Primary 
kidney disease was focal segmental glomerulosclerosis. 

During the pre-transplantation evaluation, a suspicion 
of a tumorous change in the left kidney led to a multislice 
computed tomography scan of the abdomen. The scan 
revealed a lobulated soft tissue change of approximately 25 × 
15 mm in the lower pole of the left kidney, which showed a 
post-contrast peripheral increase in density. Additionally, a 
similar lesion of about 10 mm was identified in the lower 
pole of the right kidney, raising the possibility of primary 
and infiltrative lesions (Figure 1). 

A histopathological examination, complemented by 
immunophenotyping, was performed. 

Macroscopically, the kidney, with a fibrous and fatty 
capsule and a segment of the ureter measuring 60 mm in 
length, was observed. On sectioning the renal tissue near one 
pole, a clearly demarcated, hemorrhagic-looking field 
measuring 10 × 15 mm was present, processed entirely in 
molds marked with numbers 3–5. 

Microscopically, the renal tissue contained a benign 
mesenchymal tumor of the hemangioma type, with the 
largest diameter of up to 15 mm. The tumor was mostly well-
demarcated and partly expansively growing with an irregular 
border towards the surrounding hilus and renal tissue. 
Histologically, the tumor comprised anastomosing channels 
of vascular spaces of varying widths with thin walls lined by 
flat or low cuboidal endothelium. The central zone of the 
tumor showed sclerosis with foci of hemorrhage and/or 
hemorrhagic necrosis (Figure 2). 

Immunohistochemical analyses yielded diffuse 
positivity for CD31, CD34, factor VIII, and vimentin in the 
tumor cells, while reactions for pan-cytokeratin (PanCK), 
CD10, CK7, α-methylacyl-CoA racemase (AMACR), 
RCC, and epithelial membrane antigen (EMA) were 
negative. The proliferative potential of the tumor cells, 
determined using antibodies for Ki67, was less than 2% 
(Figure 3). 

The histopathologic appearance, along with the 
immunophenotypic feature of this tumor, indicated a 
diagnosis of AH of the kidney. 

 
 A)                                                        B)                                                   C) 

Fig. 1 – A) In the lower pole of both kidneys, lobulated soft tissue hypodense lesions are visible, measuring 
25 × 15 mm on the left and up to 10 mm on the right. The described changes exhibit pronounced marginal 

nodular post-contrast enhancement in density during the arterial phase of the examination (B),  
with slight washout in the venous phase of the examination (C). 
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Given these findings, due to the differential diagnostic 
suspicion of RCC and in consultation with a urologist, a 
decision was made to perform a left nephrectomy for 
histopathological verification of the change in the lower 
pole. Given that the patient was already on maintenance 
hemodialysis and was anuric, there was no need for a spare 
operation on the left kidney. 

The postoperative course was marked by transient 
fevers, peaking at 38 °C, and the patient was initially treated 
with third-generation cephalosporins (ceftazidime) and 
transiently with carbapenems. The blood culture sample 
showed no increase in bacterial colonies until discharge. The 
drain from the surgical wound was removed on the second 
postoperative day, and the wound healed primarily. A 
secondary anemic syndrome was corrected with the 
administration of erythropoietin. Four months after the 
surgical treatment, the patient underwent a successful KT in 
February 2024.  

Discussion 

Despite the kidney’s good vascularization, primary 
vascular tumors of the kidney are rare. AHs predominantly 

affect middle-aged adults, with a mean age of 52.6 years, 
ranging from 21 to 83 years, and are most commonly 
observed in individuals in their fifth to sixth decades. 
Literature indicates a slight male predominance in renal 
hemangioma cases, with a male-to-female ratio of 1.8 : 1 12. 
The presented case aligns with this demographic, involving a 
39-year-old male. 

Lesions in this context are typically unilateral, though 
one bilateral instance has been documented 7. These tumors 
can affect both kidneys equally and may involve any renal 
region. Recent studies have identified activating mutations of 
GNA genes that drive the molecular pathogenesis of AHs 13. 

The clinical manifestations of these tumors are 
nonspecific. While hemangiomas of the bladder have been 
associated with conditions such as tuberous sclerosis, 
Klippel-Trenaunay syndrome, and Sturge-Weber 
syndrome 14, there is no established correlation between AHs 
of the kidney and any systemic or syndromic conditions 3, 15. 
Common clinical presentations include intermittent 
hematuria, flank pain 1, and lower urinary tract symptoms 4. 
However, many lesions are incidentally detected during 
radiographic investigations for unrelated reasons 7 or due to 
other diseases at the time of nephrectomy 3, 7. Nevertheless, 

 
Fig. 2 – A) Expansive growth of anastomosing hemangioma with irregular border to the renal 

parenchyma [hematoxylin and eosin (HE) staining, ×4]; B) and C) sclerosing zone with foci  
of hemorrhage (HE staining, ×4 and ×10, respectively); D) focus of prominent thin-walled 

anastomosing vascular structures, lined by single layer of bland endothelial cells (HE staining, ×10). 

 

 
Fig. 3 – A) Higher magnification of prominent thin-walled anastomosing vascular structures,  

lined by single layer of bland endothelial cells [hematoxylin and eosin (HE) staining, ×20];  
B) endothelial cells lining thin-walled anastomosing vascular channels positive to CD34 marker 

(HE staining, ×10), and C) factor VIII (HE staining, ×10). 
 



Vol. 82, No. 2 VOJNOSANITETSKI PREGLED Page 119 

Lazić A, et al. Vojnosanit Pregl 2025; 82(2): 116–120. 

specific features can assist the radiologist in forming a 
diagnosis. A solid renal mass exhibiting significant T2 
hyperintensity, almost resembling a cyst, may serve as an 
indicator 16. In the presented case, the patient did not exhibit 
any symptoms associated with the neoplastic change in the 
kidney, which can be explained by the fact that the patient 
was anuric and that the tumor was relatively small in size. 
Radiological diagnostic procedures prompted suspicion of 
renal lesions, with nephrectomy leading to a definitive 
diagnosis. To the best of our knowledge, this is the second 
case of AH during a medical workup before KT 17. 

Approximately 37% of AH cases reported in the 
literature are associated with ESRD 3, 7, 15. Büttner et al. 18 
found eight hemangiomas, all histologically capillary type 
with a sinusoidal pattern, indicative of AH in a retrospective 
examination of 90 nephrectomy specimens from ESRD 
patients. This, coupled with our case, suggests a propensity 
for these particular hemangiomas to develop in ESRD. The 
pathogenesis of ESRD-associated AH remains unclear, but 
there is a known tendency for kidneys damaged by chronic 
disease to develop both epithelial renal tumors and benign 
mesenchymal tumors 18. It is also important to note that AH 
can develop in kidneys without chronic disease. 

Macroscopically, AHs typically appear well-demarcated 
yet non-encapsulated with a mahogany brown, spongy 
consistency, usually situated in the renal hilum 1, 3. 
Microscopically, they are well-marginated, often with normal 
renal tubules entrapped at their periphery 3, 7. Cytologically, the 
tumor cells typically lack malignant features, and 
immunochemically, they consistently express endothelial 
markers while being negative for other markers, confirming 
their endothelial origin 1, 4. These characteristics were also 
validated in the presented case, with positivity for CD31, CD34, 
factor VIII, and vimentin in the tumor cells, while reactions for 
PanCK, CD10, CK7, AMACR, RCC, and EMA were negative. 

Differential diagnosis includes malignant vascular 
tumors such as angiosarcoma and Kaposi sarcoma. Both of 
these entities, which are infrequent in renal presentations, 
may exhibit hyaline globules. Specifically, the former often 
demonstrates an anastomosing vascular pattern and hobnail 

endothelial cells. This particular histological presentation can 
lead to diagnostic confusion with AH, particularly when 
examining needle core biopsy specimens. AH can also be 
confused with other vascularized renal neoplasms like clear 
cell RCC 7, hemangioblastoma 19, and glomus tumor 20. 

The median size of renal AHs is reported to be 15 mm, 
with most lesions being smaller than 40 mm 13. According to 
this criterion, our case aligns with those previously described 
in the literature, given that the size of the tumor lesion 
measured 25 mm in its largest diameter. 

Current treatment guidelines for renal hemangioma 
consider tumor size, location, and patient symptoms 2. 
Although AH is benign, surgical intervention is 
recommended due to its similarities with malignant lesions. 
In our case, we adhered to these guidelines, opting for left 
radical nephrectomy. Given the patient’s diminished renal 
function and the need for adequate surgical margins, radical 
nephrectomy was deemed necessary despite the tumor’s 
small size. It was decided to monitor the lesion in the 
patient’s right kidney, as it shares the same radiological 
characteristics as the lesion in the operated kidney. We feel 
disposed to emphasize the importance of conducting regular 
ultrasound monitoring and, if necessary, computed 
tomography scanning of the right kidney lesion. 

Conclusion 

This specific subtype of hemangioma is likely more 
prevalent than initially perceived and frequently arises in the 
setting of end-stage renal disease. However, the 
morphological similarities between anastomosing 
hemangiomas and renal neoplasms like renal cell carcinomas 
and angiosarcoma may present a significant challenge. The 
presented case underlines the importance of prompt surgical 
resection of suspicious malignant tumor changes in the 
kidney in order to confirm the diagnosis and avoid any delay 
in patients scheduled for kidney transplantation. The 
presented patient underwent a successful kidney 
transplantation in February 2024, four months after a left-
sided nephrectomy.   
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Abstract 
 
Introduction. Eating disorders are characterized by persistent 
body dissatisfaction and unhealthy weight control. Spontane-
ous air leak syndrome (ALS) is a rare but potentially fatal com-
plication of a perennial eating disorder that can lead to malnu-
trition with hypoproteinemia. We present a young male suffer-
ing from anorexia nervosa who developed a severe form of 
spontaneous ALS. Case report. The 25-year-old male patient 
was initially treated for problems with an eating disorder of the 
persistent anorexia nervosa type. He deliberately lost about 40 
kg during the previous four years. During hospital treatment, 
the patient suddenly developed severe pain in the abdomen, for 
which he was urgently referred to a surgeon. He was admitted 
to the Intensive Care Unit exhausted and afebrile, with the ab-
domen below the level of the chest and diffuse painful tender-
ness, with peristalsis audible and petechiae present on the skin 
of the back, arms, and thoracic wall. Computed tomography of 
the thoracoabdominal region was performed, which showed air 
in the mediastinum, in the spinal canal, around the stomach, in 
the rectum, and in the small pelvis. After an emergency lapa-
rotomy, a drainage of the abdominal cavity and intraoperative 
esophagogastroduodenoscopy were performed. The patient 
developed neurological complications postoperatively. After a 
successful recovery, he was treated psychiatrically on an outpa-
tient basis and monitored for several months. Further similar 
complaints did not occur. Conclusion. Patients with nutrition-
al disorders should be closely monitored because a significant 
protein deficit with spontaneous ALS can occur. Timely diag-
nosis and treatment can prevent further somatic deterioration 
and save the patient’s life. 
 
Key words:  
anorexia nervosa; diagnosis; emphysema; feeding and 
eating disorders; laparotomy; surgical procedures, 
operative; tomography, x-ray computed. 

Apstrakt 
 
Uvod. Poremećaje u ishrani odlikuju uporno 
nezadovoljstvo sopstvenim telom i nezdrava kontrola 
telesne mase. Sindrom curenja vazduha (SCV) koji se javlja 
spontano je retka ali potencijalno fatalna komplikacija 
višegodišnjeg poremećaja u ishrani, koji dovodi do 
pothranjenosti sa hipoproteinemijom. Prikazujemo mladića 
lečenog od anoreksije nervoze, kod koga se razvio težak 
oblik spontanog SCV. Prikaz bolesnika. Bolesnik star 25 
godina je prvobitno lečen zbog problema sa poremećajem u 
ishrani po tipu uporne anoreksije nervoze. Namerno je 
izgubio oko 40 kg tokom prethodne četiri godine. Tokom 
bolničkog lečenja, bolesnik je iznenada dobio jak bol u 
trbuhu, zbog čega je hitno upućen hirurgu. Na odeljenje 
intenzivne nege primljen je iscrpljen, afebrilan, sa trbuhom 
ispod nivoa grudnog koša, difuzno bolno osetljivim, sa 
čujnom peristaltikom i petehijama na koži leđa, ruku i zidu 
grudnog koša. Urađena je kompjuterizovana tomografija 
torakoabdominalne regije, kojom je viđen vazduh u 
medijastinumu, u kičmenom kanalu, oko želuca, rektuma i u 
maloj karlici. Posle hitne laparotomije, urađena mu je 
drenaža trbušne duplje i intraoperativno 
ezofagogastroduodenoskopija. Bolesnik je postoperativno 
imao neurološke komplikacije. Posle uspešnog oporavka, 
ambulantno je psihijatrijski lečen i praćen tokom više 
meseci. Nadalje se nisu javljale slične tegobe. Zaključak. 
Bolesnike sa poremećajima u ishrani treba pažljivo pratiti, 
jer kod njih može doći do značajnog deficita proteina, sa 
spontanim SCV. Blagovremena dijagnoza i lečenje mogu 
sprečiti dalje somatsko pogoršanje i spasiti život bolesnika. 
 
Ključne reči: 
anoreksija nervoza; dijagnoza; emfizem; ishrana, 
poremećaji; laparotomija; hirurgija, operativne 
procedure; tomografija, kompjuterizovana, rendgenska. 
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Introduction 

Eating disorders are characterized by a persistently 
disturbed eating pattern and perception of body appearance, 
which results in significant impairment of psychological 
health and social functioning. A disturbed eating pattern 
includes skipping meals, restriction of energy intake, or 
intake of specific macronutrients, with or without vomiting, 
further complicating the disease’s clinical course 1. 
Emphysema is a pathological loss of alveolar tissue with 
increased air space and consequent respiratory function 
disorder. When it occurs in patients with eating disorders, it 
presents a serious complication that requires immediate 
care. In the 1970s, emphysema research was started on 
animal models of anorexia. The results of initial research 
indicate that in starved rats, there is a reduction of 
surfactant with an increase in intraalveolar tension and a 
tendency towards lung collapse. Surfactant is surface-active 
fluid/liquid rich in proteins and lipids, and it is produced by 
alveolar cells to maintain adequate surface tension in the 
alveoli and the resulting gas exchange at the level of the 
alveocapillary membrane. Starved rats had reduced protein 
synthesis and increased proteolysis 2, 3. 

Clinical studies have shown that in patients suffering 
from eating disorders, there is an increase in proteolysis, 
which, together with previously used lipids, become the 
material for energy metabolism. Due to the general energy 
deficit and hypoproteinemia, there is weakness in the 
respiratory muscles and the functionality of the diaphragm, 
with systemic oxygen hypoperfusion 4. Spontaneous air 
leak syndrome (ALS), characterized by the development of 
emphysema with pneumothorax, pneumomediastinum, 
and/or pneumoperitoneum, is a rare but life-threatening 
complication. It is associated with eating disorders, 
primarily anorexia nervosa (AN). The syndrome is a 
consequence of prolonged malnutrition with 
hypoproteinemia, alveolar damage, and subsequent 
emphysema leading to additional complications 5. In this 
regard, every patient suffering from AN who has 
respiratory problems or sudden unexplained pain in the 
abdomen should be taken seriously and examined 
somatically. Patients who often vomit and who otherwise 
have a history of frequent respiratory diseases or chronic 
diseases such as asthma and bronchitis are at particular 
risk. Pneumomediastinum, subcutaneous emphysema, 
epidural emphysema, and interstitial emphysema have also 
been reported in severe AN cases 6, 7. 

Although the medical complications of AN are 
numerous, pulmonary complications are still very rare. 
Although the exact pathogenetic mechanism has yet to be 
determined, we can agree that these complications in our 
patient are secondary and caused primarily by permanent 
nutritional starvation. 

Case report 

In our study, we present a 25-year-old male patient, 
who initially came for an examination in May 2019 due to 

symptoms of significant body mass loss (he lost 32 kg) in a 
period of three years (from 2015 to 2018). Due to the need 
for additional examination, he was admitted to the 
Department of Adolescent Psychiatry and Psychotherapy at 
the Clinical Hospital Center “Dr. Dragiša Mišović-Dedinje”, 
Belgrade, Serbia. 

The patient is the second of two children from a 
complete family. The mother’s pregnancy and delivery went 
well, as did the patient’s early psychomotor development. He 
went to school on time and achieved very good and excellent 
results. 

Problems in terms of eating disorders started early in 
life. During most of his life, the patient was obese, but he 
had no problems in social relations. After a long, stressful 
life period, the patient weighed 120 kg in 2015. Then, he 
started to feel tired in his daily activities, so he decided to 
lose weight. He started exercising intensively, changed his 
diet in terms of eating healthy food and regular meals, and 
reduced his total daily caloric intake. From December 2018 
until he reported to the psychiatrist (five months later), he 
lost 20 kg. In December, while preparing for the last exam, 
he lost 3–4 kg and regained weight during the New Year 
holidays. From 2015 to 2018, he lost a total of 32 kg, which, 
considering his height, was a lot, and at the time of 
admission, it was life-threatening. 

At the time of admission to the Department of 
Adolescent Psychiatry and Psychotherapy in 2019, he was 
visibly cachectic, preoccupied with thoughts about food, 
physical appearance, and his own health. In the first act of 
treatment, the patient was in the hospital for three days. He 
left at his own request. The second admission to the 
Department was realized one month after the previous 
discharge, in June 2019, after the patient lost another 10 kg 
(body weight 53 kg, height 187 cm, body mass index 15.156 
kg/m2). On the very day of admission, in order to “prove” 
that he will start eating adequately and that he does not have 
to be hospitalized, he ate a large amount of pastries and other 
high-calorie foods. On the day of admission, in the 
afternoon, the patient began to complain of severe, diffuse 
pain in the abdomen that did not stop. Because of the above, 
a consultation with a surgeon and further somatic treatment 
was performed. 

After a general surgeon examination, the patient was 
admitted to the Intensive Care Unit. Somatic status showed 
that the patient was exhausted and afebrile, with the 
abdomen below the level of the chest and diffuse painful 
tenderness, peristalsis audible and clear and petechiae 
present on the skin of the back, arms, and thoracic wall. A 
computed tomography (CT) scan of the abdomen and pelvis 
was indicated. The CT scan showed air in the mediastinum 
and spinal canal. In the arterial phase, there was a filling 
defect of the truncus brachiocephalicus, which could 
correspond to a thrombus. Pronounced collaterals behind the 
spinal column were also noted, and air was present around 
the stomach, rectum, and in the small pelvis (Figures 1–4). 

The patient was treated operatively – an exploration of 
the abdominal cavity with drainage and intraoperative 
esophagogastroduodenoscopy was performed. Preoperatively, 
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Fig. 1 – Computed tomography scan shows air in  

the spinal canal (red arrow indicates change). 
 

 
Fig. 2 – Computed tomography scan shows air  
retroperitoneally (red arrow indicates change). 

minimal duodenal hemorrhage and cardiac insufficiency were 
noted. Postoperatively, the patient had a prolonged recovery 
with additional complications. Physical therapy, breathing 
exercises, and gradual verticalization were prescribed. Due to 
the catheterization and general poor physical condition, he 
developed a urinary infection and a bilateral hydrocele. A 
neurologist was consulted due to a foot drop. On the clinical 
examination, the following was found: a reduced trophism on 
the upper extremities, decreased gross motor power, reduced 
trophism on the lower extremities, no ability to dorsiflex the 
foot to the left, decreased patellar and Achilles reflexes, no 
ability to perform Mingazzini’s test, Lazarevic’s sign positive 
bilaterally at 110 degrees, left fanned plantar response. 
Investigation for porphyria was performed but returned 

negative. Magnetic resonance imaging of the lumbosacral 
part of the spinal column was performed, and the findings 
showed the existence of a focal change in the projection of 
the left transverse process of the second lumbar (L2) spinal 
vertebral body, which would be a differential diagnosis in 
favor of a hemangioma. During hospital treatment, laboratory 
analyses were performed on several occasions, in which 
elevated parameters of inflammation and hypoproteinemia 
dominated. After rehabilitation, one month later, the patient 
was discharged in a better general condition. A selective 
serotonin reuptake inhibitor (paroxetine) in a dose of 20 mg in 
the morning and olanzapine were prescribed as 
psychopharmaceuticals. Follow-up was continued for another 
year, after which the patient had no new somatic
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Fig. 3 – Computed tomography scan shows 

pneumoretroperitoneum (red arrow indicates change). 
 

 
Fig. 4 – Computed tomography scan shows pneumomediastinum  

(red arrow indicates change). 

complications. Since an adequate nutritional intake was 
established, there was a restoration of body mass as well as an 
improvement of psychological functioning. After thi, the 
patient did not come for follow-up psychiatric examinations. 

Discussion 

Eating disorders, predominantly AN, carry numerous 
somatic complications. Although pulmonary complications 
are rarely described, we believe that in our patient, ALS, 
with the consequent development of pneumothorax, 
pneumomediastinum, and pneumoperitoneum, arose as a 

result of permanent long-term nutritional restriction with a 
significant protein deficit. 

Insufficient protein intake with hypoproteinemia leads 
the organism to a state of proteolysis. This further leads to 
the reduction of surfactant, an alveolar fluid that is rich in 
proteins and lipids and has the function of maintaining ade-
quate surface tension in the alveoli. With the reduction of 
surfactant, alveolar collapse occurs, which in severe cases 
further leads to rupture of the alveolar walls with the devel-
opment of emphysema. This emphysema was named “nutri-
tional emphysema” since the main cause in its genesis is 
malnutrition 8, 9. The condition can be complicated further 
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with the development of pneumothorax and pneumomedias-
tinum. From the mediastinum, air leaks further to the perito-
neum via the fascial planes of the perivascular space. It is 
known that the neck and mediastinum communicate with the 
peritoneum and retroperitoneum through a common visceral 
space that surrounds the esophagus and trachea and then fol-
lows the esophagus through the diaphragmatic opening. 
There is also an explanation that the presence of a diaphrag-
matic hernia, combined with anatomical variations where the 
parietal layer of the peritoneum is missing, leads to the 
communication of the peritoneum with the mediastinum. 
These sites of potential communication are called the foram-
ina Morgagni, a parasternal defect of the diaphragm, and the 
foramina Bochdalek, a posterolateral defect of the dia-
phragm 10, 11. 

The observed research findings in experimental animal 
models have been confirmed clinically to some extent. In or-
der to demonstrate the mechanism of elasticity reduction, the 
content of connective tissue was examined in starved and 
normally fed rats. In starved animals, a significantly lower 
amount of connective tissue, hydroxyproline, elastin, and 
protein was found in the lungs. With the resumption of regu-
lar feeding, the hydroxyproline content normalized, but the 
protein, connective tissue, and elastin content were still at a 
level lower than normally expected. This showed that, in ad-
dition to the reduction of surfactant, changes in the lung tis-
sue can also be explained by the loss of connective tissue 12. 
The observed findings in experimental animals have been 
clinically confirmed to some extent 5. 

The risk of developing spontaneous pneumothorax, 
pneumoperitoneum, and pneumomediastinum is present in 
all patients with persistent restrictive food intake, especially 
in patients who vomit due to increased intrathoracic and in-
traabdominal pressure, which triggers a cascade reaction at 
the level of previously present alveolar damage 13. 

The presented patient had an extremely restrictive 
caloric intake for a long time. For some time, before being 
admitted to the hospital, he tried to gain weight by 
consuming a large amount of caloric food. Because of that, a 
sudden onset of stomach pain occurred, causing suspicion of 
somatic complications from the gastroenterological domain. 
However, after performing imaging diagnostics and obtain-
ing information that the patient has a pneumothorax with 
pneumoperitoneum and pneumomediastinum, the diagnosis 
was made in the direction of ALS, a rare but potentially fatal 
complication in patients who have been exposed to a nutri-
tional deficit for a long time, especially in eating disorders 
characterized by a long term pattern of starvation and malnu-
trition. 

A phenomenon called the McLean effect has been de-
scribed in which air trails/leaks after alveolar rupture spread 
along the bronchovascular bundle back to the mediastinum, 
leading to pneumomediastinum 13. Pneumothorax, as a spon-
taneous secondary phenomenon, has also been reported in 
avoidant/restrictive food intake disorder - ARFID. This has 
also been linked to a nutritional deficit, although in this type 
of eating disorder, body weight may be within the normal 

range or even excessive. Furthermore, a higher frequency of 
chronic pulmonary diseases, such as asthma and cystic fibro-
sis, has been shown in cases of bowel disorders. Namely, 
these chronic, debilitating diseases were more often associat-
ed with inadequate nutrition, lower caloric intake, malnutri-
tion, and, in predisposed cases, with the development of eat-
ing disorders 14, 15. 

ALS has been described as a complication of numerous 
internal diseases [bleomycin-induced pneumonia, corona-
virus disease 2019 (COVID-19) pneumonia, bronchiolitis 
obliterans, systemic sepsis, rheumatoid arthritis] and condi-
tions (foreign body in the bronchus, traumatic nasolaryngeal 
suction), in premature babies with acute respiratory distress 
syndrome, after transplantation as part of the graft versus 
host disease reaction, and in patients with human immunode-
ficiency virus 16–20. However, as a complication of psychiat-
ric disorders, ALS has been described in a very small num-
ber of patients with AN. Our case presentation is in positive 
correlation with the results of other clinical studies stating 
that vomiting is a rare cause of the development of ALS with 
consequent pneumothorax. In other research, as well as in 
our report, it was shown that patients with AN recover more 
slowly from this complication compared to patients with oth-
er diseases with the same complication. Moreover, some pa-
pers write about the recurrence potential of ALS in patients 
with AN due to lung tissue damage, which was not the case 
in our patient 21, 22. 

Conclusion 

Eating disorders are among the leading causes of 
mortality among psychiatric phenomenology. However, the 
fatal outcome is primarily a consequence of permanent 
starvation or the act of suicide in these patients. Spontaneous 
air leakage syndrome, as a potentially fatal complication of 
permanent malnutrition, should be taken seriously, diagnosed 
urgently, and promptly treated. 

The importance of the presentation of this clinical case 
is primarily reflected in spreading awareness that eating 
disorders, although they have a core psychiatric 
component, are systemic disorders with potentially 
disabling and fatal complications, which makes them one 
of the most serious disorders in psychiatry and medicine in 
general. The importance is also reflected in the fact that 
such complications are very often not diagnosed in clinical 
practice because sometimes the symptoms do not have to 
be dramatic, and the consequences can remain and lead to 
other somatic problems later in the patient’s life. It is 
always necessary to think about pulmonary complications 
in any patient suffering from an eating disorder who 
experiences pain in the region of the neck and chest, 
difficulty breathing, dysphagia, and abdominal pain. 
Furthermore, even in cases where the listed symptoms are 
absent, one should think about this complication of the 
underlying disease because timely, adequate diagnosis and 
therapy can prevent further somatic damage and save the 
patient’s life. 
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UPUTSTVO AUTORIMA 
Vojnosanitetski pregled (VSP) je dostupan u režimu otvorenog 

pristupa. Članci objavljeni u časopisu mogu se besplatno preuzeti sa 
sajta časopisa https://www.vsp.mod.gov.rs uz primenu licence  
Creative Commons Autorstvo-Deliti pod istim uslovima (CC BY-SA) 
(http://creativecommons.org/licenses/by-sa/4.0).  
 

VSP objavljuje radove koji nisu ranije nigde objavljivani, niti 
predati za objavljivanje redosledom koji određuje uređivački odbor. 
Svaki pokušaj plagijarizma ili autoplagijarizma kažnjava se. Prilikom 
prijave rada u sistem elektronskog uređivanja „Vojnosanitetskog 
pregleda“(http://aseestant.ceon.rs/index.php) neophodno je priložiti izjavu 
da su ispunjeni svi postavljeni tehnički zahtevi uključujući i izjavu koju 
potpisuju svi autori da rad nije ranije ni u celini, niti delimično objavljen niti 
prihvaćen za štampanje u drugom časopisu. Izjavu o pojedinačnom 
doprinosu svakog od autora rada potpisanu od svih autora, treba skenirati i 
poslati uz rad kao dopunsku datoteku. Takođe, autori su obavezni da dostave 
i potpisanu izjavu o nepostojanju sukoba interesa čime postaju odgovorni za 
ispunjavanje svih postavljenih uslova. Ovome sledi odluka o prihvatanju za 
dalji uređivački postupak. Rukopisi pristigli u Redakciju časopisa podležu 
internoj i eksternoj recenziji. Svi autori dužni su da plate “Article Processing 
Charge” za pokriće troškova jezičke, stručne i tehničke obrade rukopisa, kao 
i njegovog objavljivanja. Domaći autori plaćaju iznos od 5 000 dinara, a  
inostrani 150 eura. Dodatna plaćanja nisu predviđena čak i u slučaju da autor 
koji je već prethodno platio traženi iznos, ima više prihvaćenih radova za 
objavljivanje u godini u kojoj je izvršio uplatu. Svi autori koji su platili “Arti-
cle Processing Charge” mogu, ukoliko žele, dobijati štampanu verziju 
časopisa tokom godine u kojoj je izvršena uplata. Plaćanje ovog iznosa ne 
garantuje prihvatanje rukopisa za objavljivanje i ne utiče na ishod recenzije. 
Od obaveze plaćanja pokrića navedenih troškova oslobođeni su recenzenti, 
članovi Uređivačkog odbora i Izdavačkog saveta VSP, studenti i mladi 
istraživači, kao i pretplatnici časopisa.  
 

U VSP-u se objavljuju uvodnici, originalni članci, prethodna ili 
kratka saopštenja, revijski radovi tipa opšteg pregleda (uz uslov da 
autori navođenjem najmanje 5 autocitata potvrde da su eksperti u oblasti 
o kojoj pišu), aktuelne teme, metaanalize, kazuistika, seminar 
praktičnog lekara, članci iz istorije medicine, lični stavovi, naručeni 
komentari, pisma uredništvu, izveštaji sa naučnih i stručnih skupova, 
prikazi knjiga i drugi prilozi. Radovi tipa originalnih članaka, prethodnih 
ili kratkih saopštenja, metaanalize i kazuistike objavljuju se uz 
apstrakte na srpskom i engleskom jeziku. 

Rukopis se piše sa proredom 1,5 sa levom marginom od 4 cm. 
Koristiti font veličine 12, a načelno izbegavati upotrebu bold i italic slova, 
koja su rezervisana za podnaslove. Originalni članci, opšti pregledi i 
metaanalize i članci iz istorije medicine ne smeju prelaziti 16 stranica (bez 
priloga); aktuelne teme – deset, seminar praktičnog lekara – osam, 
kazuistika – šest, prethodna saopštenja – pet, a komentari i pisma uredniku 
– tri, izveštaji sa skupova i prikazi knjiga – dve stranice. 

U celom radu obavezno je korišćenje međunarodnog sistema mera 
(SI) i standardnih međunarodno prihvaćenih termina (sem mm Hg i °C).  

Za obradu teksta koristiti program Word for Windows verzije 97, 
2000, XP ili 2003. Za izradu grafičkih priloga koristiti standardne 
grafičke programe za Windows, poželjno iz programskog paketa 
Microsoft Office (Excel, Word Graph). Kod kompjuterske izrade 
grafika izbegavati upotrebu boja i senčenja pozadine. 

Radovi se pripremaju u skladu sa Vankuverskim dogovorom.  
Prispeli radovi kao anonimni podležu uređivačkoj obradi i recenziji 

najmanje dva urednika/recenzenta. Primedbe i sugestije 
urednika/recenzenata dostavljaju se autoru radi konačnog oblikovanja. 
Pre objave, rad se upućuje autoru određenom za korespodenciju na 
konačnu saglasnost.  

Priprema rada 
Delovi rada su: naslovna strana, apstrakt sa ključnim rečima, 

tekst rada, zahvalnost (po želji), literatura, prilozi. 
1. Naslovna strana 
a) Poželjno je da naslov bude kratak, jasan i informativan i da odgovara 

sadržaju, podnaslove izbegavati. 
b) Ispisuju se puna imena i prezimena autora sa oznakama redom: *, †, 

‡, §, ||, ¶, **, ††, ... . 
c) Navode se puni nazivi ustanove i organizacijske jedinice u kojima je 

rad obavljen mesta i države za svakog autora, koristeći standardne znake 
za fusnote. 

d) Zaključak može da bude posebno poglavlje ili se iznosi u poslednjem 
pasusu diskusije. 

e) Podaci o autoru za korespodenciju. 
2. Apstrakt i ključne reči 
Na drugoj stranici nalazi se strukturisani apstrakt (250-300 reči za 

originalne članke i meta-analize) sa naslovom rada. Kratkim 
rečenicama na srpskom i engleskom jeziku iznosi se Uvod/Cilj rada, 
osnovne procedure – Metode (izbor ispitanika ili laboratorijskih 
životinja; metode posmatranja i analize), glavni nalazi – Rezultati 
(konkretni podaci i njihova statistička značajnost) i glavni Zaključak. 
Naglasiti nove i značajne aspekte studije ili zapažanja. Strukturisani 
apstrakt za kazuistiku (do 250 reči), sadrži podnaslove Uvod, Prikaz 

bolesnika i Zaključak). Ispod apstrakta, „Ključne reči“ sadrže 3–10 
ključnih reči ili kratkih izraza koje ukazuju na sadržinu članka.   

3. Tekst članka 
Tekst sadrži sledeća poglavlja: uvod, metode, rezultate i diskusiju. 

Uvod. Posle uvodnih napomena, navesti cilj rada. Ukratko izneti razloge 
za studiju ili posmatranje. Navesti samo važne podatke iz literature a ne 
opširna razmatranja o predmetu rada, kao ni podatke ili zaključke iz rada 
o kome se izveštava. 

Metode. Jasno opisati izbor metoda posmatranja ili eksperimentnih 
metoda (ispitanici ili eksperimentne životinje, uključujući kontrolne). 
Identifikovati metode, aparaturu (ime i adresa proizvođača u zagradi) i 
proceduru, dovoljno detaljno da se drugim autorima omogući 
reprodukcija rezultata. Navesti podatke iz literature za uhodane metode, 
uključujući i statističke. Tačno identifikovati sve primenjene lekove i 
hemikalije, uključujući generičko ime, doze i načine davanja. Za 
ispitivanja na ljudima i životinjama navesti saglasnost nadležnog etičkog 
komiteta. 

Rezultate prikazati logičkim redosledom u tekstu, tabelama i 
ilustracijama. U tekstu naglasiti ili sumirati samo značajna zapažanja. 

U diskusiji naglasiti nove i značajne aspekte studije i izvedene 
zaključke. Posmatranja dovesti u vezu sa drugim relevantnim studijama, 
u načelu iz poslednje tri godine, a samo izuzetno i starijim. Povezati 
zaključke sa ciljevima rada, ali izbegavati nesumnjive tvrdnje i one 
zaključke koje podaci iz rada ne podržavaju u potpunosti.  

Literatura 
U radu literatura se citira kao superskript, a popisuje rednim 

brojevima pod kojima se citat pojavljuje u tekstu. Navode se svi 
autori, ali ako broj prelazi šest, navodi se prvih šest i et al. Svi podaci 
o citiranoj literaturi moraju biti tačni. Literatura se u celini citira na 
engleskom jeziku, a iza naslova se navodi jezik članka u zagradi. Ne 
prihvata se citiranje apstrakata, sekundarnih publikacija, usmenih 
saopštenja, neobjavljenih radova, službenih i poverljivih dokumenata. 
Radovi koji su prihvaćeni za štampu, ali još nisu objavljeni, navode se 
uz dodatak „u štampi“. Rukopisi koji su predati, ali još nisu prihvaćeni 
za štampu, u tekstu se citiraju kao „neobjavljeni podaci“ (u zagradi). 
Podaci sa interneta citiraju se uz navođenje datuma pristupa tim 
podacima. 

Primeri referenci: 
Đurović BM. Endothelial trauma in the surgery of cataract. Vojnosanit 

Pregl 2004; 61(5): 491–7. (Serbian) 
Balint B. From the haemotherapy to the haemomodulation. Beograd: 

Zavod za udžbenike i nastavna sredstva; 2001. (Serbian) 
Mladenović T, Kandolf L, Mijušković ŽP. Lasers in dermatology. In: 

Karadaglić Đ, editor. Dermatology. Beograd: Vojnoizdavački zavod & 
Verzal Press; 2000. p. 1437–49. (Serbian) 

Christensen S, Oppacher F. An analysis of Koza's computational 
effort statistic for genetic programming. In: Foster JA, Lutton E, Miller J, 
Ryan C, Tettamanzi AG, editors. Genetic programming. EuroGP 2002: 
Proceedings of the 5th European Conference on Genetic Programming; 
2002 Apr 3-5; Kinsdale, Ireland. Berlin: Springer; 2002. p. 182-91. 

Abood S. Quality improvement initiative in nursing homes: the ANA 
acts in an advisory role. Am J Nurs [serial on the Internet]. 2002 Jun [cited 
2002 Aug 12]; 102(6): [about 3 p.]. Available from:  
http://www.nursingworld.org/AJN/2002/june/Wawatch.htm 

Tabele 
Sve tabele pripremaju se sa proredom 1,5 na posebnom listu. Obeležavaju 

se arapskim brojevima, redosledom pojavljivanja, u levom uglu (Tabela 1), a 
svakoj se daje kratak naslov. Objašnjenja se daju u fus-noti, ne u zaglavlju. 
Svaka tabela mora da se pomene u tekstu. Ako se koriste tuđi podaci, 
obavezno ih navesti kao i svaki drugi podatak iz literature.  

Ilustracije 
Slikama se zovu svi oblici grafičkih priloga i predaju se kao dopunske 

datoteke u sistemu aseestant. Slova, brojevi i simboli treba da su jasni i ujed-
načeni, a dovoljne veličine da prilikom umanjivanja budu čitljivi. Slike treba da 
budu jasne i obeležene brojevima, onim redom kojim se navode u tekstu (Sl. 1; 
Sl. 2 itd.). Ukoliko je slika već negde objavljena, obavezno citirati izvor.  

Legende za ilustracije pisati na posebnom listu, koristeći arapske brojeve. 
Ukoliko se koriste simboli, strelice, brojevi ili slova za objašnjavanje 
pojedinog dela ilustracije, svaki pojedinačno treba objasniti u legendi. Za 
fotomikrografije navesti metod bojenja i podatak o uvećanju. 

Skraćenice i akronimi 
Skraćenice i akronimi u rukopisu treba da budu korišćeni na sledeći način: 

definisati skraćenice i akronime pri njihovom prvom pojavljivanju u tekstu i 
koristiti ih konzistentno kroz čitav tekst, tabele i slike; koristiti ih samo za 
termine koji se pominju više od tri puta u tekstu; da bi se olakšalo čitaocu, 
skraćenice i aktinome treba štedljivo koristiti. 

Abecedni popis svih skraćenica i akronima sa objašnjenjima treba 
dostaviti pri predaji rukopisa. 

      Detaljno uputstvo može se dobiti u redakciji ili na sajtu: 
      www.vsp.mod.gov.rs 

http://www.nursingworld.org/AJN/2002/june/Wawatch.htm
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