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l
NORLD

PHARMACISTS

DAY

SEPTEMBER 25

World Pharmacists Day (WPD) is celebrated annually on
September 25 with the aim of raising awareness of the
importance of pharmacists and their great contribution to
improving people’s health. Each year, the WPD theme
highlights various aspects of the pharmaceutical profession
and the essential role of pharmacists in educating patients on
the proper use of medications. This year’s theme for WDP is
“Think Health, Think Pharmacist”.

Svetski dan farmaceuta (SDF) se obelezava 25. septembra
svake godine, u cilju podizanja svesti o znacaju farmaceuta i
njthovom velikom doprinosu poboljsanju zdravlja ljudi. Tema
SDF svake godine istie razlicite aspekte farmaceutske
profesije i znacajnu ulogu farmaceuta u edukaciji pacijenata o
pravilnoj upotrebi lekova. Tema ovogodisnjeg SDF je
,»Mislis na zdravlje, misli na farmaceuta”.
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Diagnosis of bone metastasis in patients with non-small cell lung
cancer by combined detection of CEA, CYFRA21-1, and ALP

Dijagnoza metastaza u kostima kod obolelih od nesitnocelijskog karcinoma
pluca kombinovanom detekcijom CEA, CYFRA21-1i ALP

Haiying Ye, Qiaoli Zhang

Xinchang Hospital of Traditional Chinese Medicine, Department of Laboratory
Medicine, Shaoxing, Zhejiang, China

Abstract

Background/Aim. Despite significant advances in the di-
agnosis and treatment of non-small cell lung cancer
(NSCLC), the overall prognosis remains poor, especially
when bone metastasis occurs with disease progression. The
aim of this study was to examine the diagnostic value of
combined detection of carcinoembryonic antigen (CEA), cy-
tokeratin 19 fragment antigen 21-1 (CYFRA21-1), and alka-
line phosphatase (ALP) for bone metastasis in NSCLC pa-
tients. Methods. In total, 148 patients with NSCLC were in-
cluded in the study. They were selected from patients hospi-
talized for treatment between April 2020 and March 2022.
Out of the total number of patients, 68 were assigned to the
metastasis group and 80 to the non-metastasis group. Their
blood samples were collected to measure CEA, CYFRA21-1,
and ALP levels in the serum. Multivariate logistic regression
analysis was conducted to determine the factors contributing
to bone metastasis. Receiver operating characteristic (ROC)
curves were plotted to analyze the diagnostic value. Results.
Bone metastasis occurred in 68 (45.94%) patients. The base-
line data exhibited no significant intergroup differences (p >
0.05). The metastasis group had significantly raised serum
CEA, CYFRA21-1, and ALP levels compared to those of
the non-metastasis group (p < 0.05). The increases in serum
CEA [odds ratio (OR): 1.062, 95% confidence interval (CI):
1.031-1.094], CYFRA21-1 (OR: 1.155, 95% CI: 1.061—
1.258), and ALP (OR: 1.027, 95% CI: 1.008-1.047) were risk
factors for bone metastasis (OR > 1, p < 0.05). The areas
under the ROC curves of CEA, CYFRA21-1, ALP, and their
combination were all greater than 0.600, suggesting high di-
agnostic values. Conclusion. CEA, CYFRA21-1, and ALP
levels in the serum can predict bone metastasis in NSCLC
patients, and the predictive value of their combination is
higher than that of any single indicator.

Key words:

biomarkers, tumor; bone neoplasms; carcinoma, non-
small-cell lung; diagnosis; neoplasm metastasis;
treatment outcome.

Apstrakt

Uvod/Cilj. Uptkos znacajnom napretku u dijagnostici i lecenju
nesitnocelijskog karcinoma pluca (non-small cell lung cancer —
NSCLC), ukupna prognoza ostaje losa, posebno kada se sa
progresijom bolesti javljaju metastaze u kostima. Cilj rada bio je
da se ispita dijagnosticka vrednost kombinovane detekcije
karcinoembrionalnog antigena (carvinoembryonic antigen — CEA),
fragmenta citokeratina 19 (gytokeratin 19 fragment antigen 21-1 —
CYFRA21-1) i alkalne fosfataze (alkaline phosphatase — ALP) za
predikciju metastaza u kostima kod obolelih od NSCLC.
Metode. U studiju je ukupno bilo uklju¢eno 148 obolelih od
NSCLC. Oni su odabrani medu bolesnicima koji su bili
hospitalizovani radi lecenja izmedu aprila 2020. i marta 2022.
godine. Od ukupnog broja bolesnika, njih 68 svrstano je u grupu
sa metastazama, a 80 u grupu bez metastaza. Prikupljeni su
uzorci krvi bolesnika da bi se izmerili nivoi CEA, CYFRA21-1 i
ALP u serumu. Multivarijantna logisticka regresija koriséena je da
bi se utvrdili faktori koji doprinose nastanku metastaza u
kostima. Za analizu dijagnosticke vrednosti koris¢ene su receiver
operating characteristic (ROC) krive. Rezultati. Metastaze kostiju
javile su se kod 68 (45,94%) bolesnika. Osnovni podaci bolesnika
nisu pokazali znacajne razlike izmedu grupa (p > 0,05). Grupa
bolesnika sa metastazama imala je znacajno povisene nivoe CEA,
CYFRA21-1 i ALP u serumu, u poredenju sa grupom bez
metastaza (p < 0,05). Poviseni nivoi CEA [odds ratio (OR): 1,062,
95% confidence interval (CT): 1,031-1,004], CYFRA21-1 (OR: 1,155,
95% CI: 1,061-1,258) i ALP (OR: 1,027, 95% CI: 1,008-1,047) u
serumu bili su faktori rizika za metastaze kostiju (OR > 1, p <
0,05). Povtsine ispod ROC kriva za CEA, CYFRA21-1, ALP i
njihove kombinacije bile su veée od 0,600, sto ukazuje na visoke
dijagnosticke vrednosti. Zaklju¢ak. Nivoi CEA, CYFRA21-1 i
ALP u serumu mogu predvideti metastaze kostiju kod obolelih
od NSCLC, pri ¢emu je prediktivna vrednost njihove
kombinacije veca od bilo kog pojedinacnog markera.

Kljucne redi:

tumorski markeri; kosti, neoplazme; pluca,
nesitnocelijski karcinom; dijagnoza; neoplazme,
metastaze; leCenje, ishod.

Correspondence to: Haiying Ye, Xinchang Hospital of Traditional Chinese Medicine, Department of Laboratory Medicine, Shaoxing

312 500, Zhejiang Province, China. E-mail: yehyxhtcm@tsu-edu.cn
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Introduction

Classified as lung cancer with the highest incidence
rate, non-small cell lung cancer (NSCLC) accounts for ap-
proximately 85% of all lung cancer cases 1. Despite signifi-
cant advances in the diagnosis and treatment of NSCLC in
recent years, the overall prognosis remains poor, especially
when bone metastasis occurs with disease progression,
which not only remarkably reduces the quality of life but
also seriously affects the survival rate of patients. Further-
more, bone metastasis increases pain and fracture risks, and
it is likely to cause serious complications such as spinal
cord compression and hypercalcemia 2. Therefore, early di-
agnosis and effective monitoring of bone metastasis are es-
sential for patients with NSCLC to perfect treatment op-
tions and improve prognosis. The frequently applied imag-
ing techniques include magnetic resonance imaging (MRI),
X-ray, positron emission tomography-computed tomogra-
phy (PET-CT), and bone scan 3. A bone scan can sensitive-
ly detect bone metastases by measuring the uptake of radio-
isotope-labeled compounds into the bones of the whole
body. MRI can more clearly display the disease condition
within the bone marrow.

Due to imaging limitations, the detection of serum tu-
mor markers has become important for diagnosing and moni-
toring bone metastasis. For instance, carcinoembryonic anti-
gen (CEA) is a glycoprotein secreted by tumor cells and
some normal cells in the liver, pancreas, and gastrointestinal
tract, which was widely studied and initially applied as a
marker for colorectal cancer. The significant elevation of
CEA has been observed not only in colorectal cancer but also
in lung cancers, mammary gland, pancreas, and stomach “.
Notably, elevated CEA levels in NSCLC patients have been
associated with higher metastatic burden, including bone me-
tastasis °.

Cytokeratin 19 fragment antigen 21-1 (CYFRA21-1)
plays a pivotal role as an important tumor marker besides
CEA in clinical diagnosis and monitoring. In spite of a sig-
nificant expression under squamous cell carcinoma,
CYFRAZ21-1 also exhibits high diagnostic sensitivity and
specificity in NSCLC patients, especially those with bone
metastasis ¢, With unique biological characteristics,
CYFRAZ21-1 is irreplaceable in the early diagnosis, treatment
response assessment, and condition monitoring of NSCLC. It
may outperform CEA in detecting bone metastatic involve-
ment due to a higher correlation with tumor burden in the
skeletal system 7.

Alkaline phosphatase (ALP), an enzyme closely related
to bone metabolism, also presents an evidently raised level in
NSCLC patients with bone metastasis, which can reflect the
process of bone formation and destruction; hence, it possess-
es crucial reference value in the diagnosis of bone metastasis.
The detection of ALP not only helps capture early signals of
bone metastasis but also provides dynamic monitoring in-
formation during treatment 8 Serum ALP level is significant-
ly higher in NSCLC patients with bone metastasis compared
to those without, suggesting its utility for early detection and
monitoring °.

CEA, CYFRA21-1, and ALP are each valuable in iden-
tifying some patients diagnosed with cancer, but single-
marker testing usually fails to achieve sufficient diagnostic
accuracy and sensitivity. In clinical practice, therefore, it is
often necessary to combine the detection results of multiple
markers to improve the overall diagnostic accuracy and reli-
ability. However, the detection of a single marker cannot of-
ten meet clinical needs.

The aim of this study was to investigate the combined
detection of CEA, CYFRA21-1, and ALP in serum to evalu-
ate its diagnostic value and clinical application prospects for
diagnosing bone metastasis in NSCLC patients. With this,
we hope to achieve earlier and more accurate diagnosis, and
provide patients with more timely and effective treatment
strategies.

Methods

Subjects

A total of 148 NSCLC patients admitted to the Depart-
ment of Laboratory Medicine, Xinchang Hospital of Tradi-
tional Chinese Medicine, Shaoxing, China, from April 2020
to March 2022 were selected for this study. Of them, accord-
ing to the presence or absence of bone metastasis, 68 were
assigned to the metastasis group and 80 to the non-metastasis
group. Inclusion criteria were as follows: patients with
NSCLC diagnosed pathologically °, those with complete
clinical data, and those who were informed of and consented
to this study. Exclusion criteria included patients with prima-
ry bone tumors or osteoporosis.

The study was approved by the Ethics Committee of
Xinchang Hospital of Traditional Chinese Medicine, China,
(from April 20, 2020).

Detection methods and tools

To ensure detection accuracy and reliability, all pro-
cedures of sample collection and processing were per-
formed under standard laboratory conditions using Cobas®
8000 modular analyzer (Roche, Basel, Switzerland) and
AU5800 analyzer (Beckman Coulter, Brea, USA), as well
as kits from Roche Diagnostics Shanghai Ltd. (Shanghai,
China) and Beckman Coulter Laboratory Systems Suzhou
Co., Ltd. (Suzhou, China). Briefly, fasting venous blood
was collected in a volume of 5 mL and allowed to stand
for 30 min to facilitate serum separation, followed by cen-
trifugation at 3,000 revolutions per minute (rpm) for 10
min. Then, the acquired supernatant (serum) was utilized
for determining the levels of serum CEA [normal range
(NR): 0-5 ng/mL], CYFRA21-1 (NR: 0-3.3 pg/L), and
ALP (NR: 45-125 U/L) using the abovementioned analyz-
ers and Kits.

Diagnostic criteria for bone metastasis

All patients underwent a whole-body bone scan to ini-
tially detect the presence or absence of signs of bone metas-

Ye H, Zhang Q. Vojnosanit Pregl 2025; 82(9): 551-557.
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tasis. If the scan results suggested possible bone metastases,
further evaluation by more than two physicians was required.
CT, MRI, and other imaging examinations were also re-
quired to confirm the diagnosis results and accurately locate
bone metastases.

Statistical analysis

Statistical analysis was performed using SPSS 26.0
software. The count data were presented with numbers or
percentages, while measurement data were expressed as
mean * standard deviation. Intergroup comparisons were ac-
complished through the t-test and the Chi-square test. The
value of p < 0.05 indicated a difference of statistical signifi-
cance.

Results

Bone metastasis occurred in 68 (45.94%) out of the 148
patients.

The baseline data manifested no statistically significant
intergroup differences (p > 0.05) (Table 1).

The metastasis group, compared to the non-metastasis
group, presented significantly raised concentrations of serum

CEA, CYFRA21-1, and ALP, and the differences were sta-
tistically significant (p < 0.05) (Table 2).

Multivariate logistic regression analysis was carried out
with serum CEA, CYFRA21-1, and ALP as independent var-
iables, and bone metastasis present or absent in NSCLC pa-
tients as a dependent variable (0 = metastasis, 1 = non-
metastasis). The results revealed that the increases in serum
CEA [odds ratio (OR): 1.062, 95% confidence interval (Cl):
1.031-1.094], CYFRA21-1 (OR: 1.155, 95% CI: 1.061-
1.258), and ALP (OR: 1.027, 95% CI: 1.008-1.047) were
risk factors for bone metastasis (OR > 1, p < 0.05) (Table 3).

To explore the diagnostic value of serum biomarkers in
relation to NSCLC histological subtypes, patients were strati-
fied into adenocarcinoma and squamous cell carcinoma sub-
groups. For each subtype, the levels of CEA, CYFRA21-1,
and ALP were compared between the metastasis and non-
metastasis groups. In the squamous cell carcinoma subgroup,
serum CYFRA21-1 level was significantly higher in patients
with bone metastasis compared to those without metastasis
(p < 0.05). No significant differences were observed in CEA
or ALP levels between metastasis and non-metastasis groups
(p > 0.05). In contrast, within the adenocarcinoma subgroup,
CEA, CYFRA21-1, and ALP levels were all significantly el-
evated in the metastasis group (p < 0.05) (Table 4).

Table 1
Clinical data of patients
Metastasis group Non-metastasis group 2

Parameters (n = 68) (n = 80) x4t p
Age, years 65.32 £7.45 66.18 £ 7.12 0.716 0.474
Gender

male 41 (60.29) 46 (57.50)

female 27 (39.71) 34 (42.50) 0.118 0730
Diabetes mellitus

yes 26 (38.24) 32 (40.00)

no 42 (61.76) 48 (60.00) 0.048  0.826
Hypertension

yes 32 (47.06) 37 (46.25)

no 36 (52.94) 43 (53.75) 0.009 0921
Smoking

yes 29 (42.65) 33 (41.25)

no 39 (57.35) 47 (58.75) 0.029  0.863
Pathological type

adenocarcinoma 43 (63.24) 49 (61.25)

squamous cell carcinoma 25 (36.76) 31 (38.75) 0.061  0.804
Site of lesion

left 28 (41.18) 32 (40.00)

right 40 (58.82) 48 (60.00) 0021~ 0.884
n — number.

All values are given as numbers (percentages) or mean + standard deviation.

Table 2
CEA, CYFRAZ21-1, and ALP in the serum
Parameters Metastasis group (n = 68) Non-metastasis group (n = 80)
CEA (ng/mL) 12.43 £2.42 6.23+1.53 18.903
CYFRA21-1 (png/L) 6.49+2.78 414+0.21 7.540
ALP (U/L) 115.32 + 21.56 106.24 + 15.48 2.972

CEA - carcinoembryonic antigen; CYFRA21-1 — cytokeratin 19 fragment antigen 21-1; ALP - alkaline phosphatase;

n — number.
All values are given as mean + standard deviation.
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Table 3
Associations of serum CEA, CYFRAZ21-1, and ALP with
bone metastasis in NSCLC patients assessed by multivariate logistic regression analysis
Variables )’ SE Wald p OR 95% ClI
CEA 0.060 0.015 15.803 0.001 1.062 1.031-1.094
CYFRA21-1 0.144 0.044 10.980 0.001 1.155 1.061-1.258
ALP 0.027 0.010 7.881 0.005 1.027 1.008-1.047
NSCLC - non-small cell lung cancer; SE - standard error; OR — odds ratio; Cl — confidence interval.
For other abbreviations, see Table 2.
Table 4
Serum biomarker levels in patients stratified by histological subtype
Histological subtype Metastasis group Non-metastasis group t p
Squamous cell carcinoma
CEA (ng/mL) 11.06 £ 2.29 6.03+1.21 1.923 0.061
CYFRA21-1 (pg/L) 7.18+2.381 5.31+1.97 3.004 0.004
ALP (U/L) 112.40 £19.85 107.65 + 14.29 1.142 0.258
Adenocarcinoma
CEA (ng/mL) 13.11+£2.33 6.42+1.61 16.267 <0.001
CYFRA21-1 (pg/L) 6.06 +2.74 3.58 +0.87 6.471 <0.001
ALP (U/L) 11855 +21.71 104.33 £ 13.98 3.973 <0.001

For abbreviations, see Table 2.
All values are given as mean + standard deviation.
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Fig. 1 - ROC curves of CEA, CYFRA21-1, and ALP in the serum and their combination
for diagnosing bone metastasis in NSCLC patients. The yellow reference line represents
the 45-degree line, which indicates no predictive ability. Factors with ROC curves that
are farther away from this reference line have better predictive performance.
ROC - receiver operating characteristic. For other abbreviations, see Tables 2 and 3.

Serum CEA, CYFRAZ21-1, ALP, and a combination of
the three were set as test variables, and bone metastasis
present or absent in NSCLC patients was determined as a
state variable (0 = metastasis, 1 = non-metastasis) to gener-
ate receiver operating characteristic (ROC) curves. The re-

sults showed that CEA, CYFRA21-1, ALP, and their com-
bination all had an area under the curve (AUC) greater than
0.600, suggesting that these indicators possess high diag-
nostic value for bone metastasis in NSCLC patients (Figure
1, Table 5).

Ye H, Zhang Q. Vojnosanit Pregl 2025; 82(9): 551-557.



Vol. 82, No. 9 VOJINOSANITETSKI PREGLED Page 555
Table 5
Significance of combined detection of CEA, CYFRA21-1, and ALP for diagnosing bone metastasis in NSCLC patients
Factor AUC 95% ClI Specificity Sensitivity Youden index Cut-off value
CEA 0.648 0.553-0.742 0.712 0.515 0.227 9.5 ng/mL
CYFRA21-1 0.641 0.548-0.735 0.562 0.574 0.136 5.3 pg/L
ALP 0.654 0.564-0.744 0.900 0.221 0.121 110.0 U/L
Combination 0.787 0.719-0.861 0.537 0.868 0.405 -

AUC - area under the curve; Cl — confidence interval.
For other abbreviations, see Tables 2 and 3.

Discussion

As a complex and severe disease, lung carcinoma poses
a great challenge to public health worldwide. According to
statistics, pulmonary carcinoma emerges as a major contribu-
tor to carcinoma-associated death globally, with millions of
deaths every year. From the perspective of the medical field,
pulmonary carcinoma is classified primarily into two types
(small cell lung carcinoma and NSCLC) according to its
pathological characteristics, with NSCLC as the most ubiqui-
tous type 1, accounting for nearly 85%. Bone metastasis is a
ubiquitous and serious complication of NSCLC, which usu-
ally occurs at the progressive stage when cancer cells metas-
tasize from the primary site to the bone. Bones are rich in
blood supply and have an excellent bone marrow microenvi-
ronment; therefore, cancer cells can easily colonize and con-
tinue to grow in the bones 2. Bone metastasis frequently oc-
curs in the spine, pelvis, ribs, and long bones of the extremi-
ties of NSCLC patients, causing a variety of clinical prob-
lems ranging from hypercalcemia, pathological fractures,
pain, to bone-spinal cord compression. The symptoms of
bone metastasis are highly similar to those of primary bone
disease, which complicates early diagnosis and accurate
identification. Patients usually report nonspecific bone pain
first, which may be intermittent or persistent, and which may
gradually aggravate at night. As the disease progresses, the
risk of pathological fractures will increase, especially at the
bone under heavy load. When invading the spine, cancer
cells are more likely to cause neurological dysfunction due to
spinal cord compression, including paresthesia, dyskinesia,
or even paralysis 3. Imaging diagnosis using MRI, X-ray,
CT, and bone scan plays an important role in detecting bone
metastasis. X-rays can detect large-scale bone damage, but
they are less sensitive to early small-scale lesions. Bone
scans can detect bone lesions at multiple sites of the body,
but are less specific 1. Therefore, other ways of accurately
identifying and diagnosing bone metastasis need to be con-
sidered in NSCLC patients.

Inflammation and immune response are key players in
the occurrence and development of tumors, suggesting that
the detection of indicators related to inflammation and im-
mune response may contribute to earlier or more accurate di-
agnosis of bone metastasis *°. In addition, biochemical mark-
ers of bone metabolism and tumor markers have been widely
applied in the diagnosis and monitoring of diversified tumors,
which provide key information about bone health as well as
the tumor and its activity. The concentration of tumor markers

Ye H, Zhang Q. Vojnosanit Pregl 2025; 82(9): 551-557.

can reflect the presence and progression of cancer, and these
biomolecules are significantly important for cancer in terms
of early diagnosis, therapeutic effect assessment, and relapse
monitoring . CEA and CYFRA21-1 are common tumor
markers associated with lung cancer. CEA is a protein pro-
duced during embryonic development, and its level is normal-
ly very low in the blood of adults. Still, it can be significantly
elevated in several carcinoma types (e.g., mammary adeno-
carcinoma, colorectal cancer, and pulmonary carcinoma) *'.
Therefore, CEA is considered a broad-spectrum tumor mark-
er, and its level detected by immunochemistry can reflect the
presence and progression of some tumors. Monitoring CEA
helps assess efficacy and evaluate the prognosis of NSCLC 8,
In this study, there was a significant correlation between CEA
and the presence or absence of bone metastasis (p < 0.05),
and CEA was found to be a risk factor independently affect-
ing bone metastasis, that is, the higher the CEA level was, the
higher the bone metastasis potential in NSCLC patients
would be (AUC = 0.648). However, CEA is a nonspecific
cancer marker, and its elevation may also exist in some be-
nign diseases and other non-cancerous conditions. Therefore,
the detection of CEA alone is insufficient for cancer diagno-
sis, and it is generally necessary to combine it with other indi-
cators for comprehensive evaluation. Being a soluble cy-
tokeratin 19 fragment, CYFRA21-1 usually presents a high
level, indicating a severe condition or active tumor, which is
of essential reference value for clinicians in developing indi-
vidualized treatment plans. Since it is widely applied for lung
cancer, CYFRA21-1 has become one of the crucial diagnostic
tools in clinical practice. CYFRAZ21-1 has also been discov-
ered with critical effects on lung cancer regarding metastasis
and prognosis °. In this study, the blood CYFRA21-1 level
rose significantly in NSCLC subjects manifesting bone me-
tastasis, which was determined through multivariate logistic
regression analysis as a factor independently influencing bone
metastasis (AUC = 0.641) (p < 0.05). Nevertheless,
CYFRAZ21-1 is not a specific marker, and its elevated level
may also be associated with other diseases like breast cancer,
bladder carcinoma, and colorectal carcinoma 2. Therefore,
CYFRAZ21-1 is less specific and sensitive in diagnosing bone
metastasis. In contrast, bone metabolic biochemical markers,
possibly including blood calcium and phosphatase, can more
directly and specifically reflect bone metabolic activities,
which are often used to evaluate bone health status and diag-
nose bone diseases #. ALP, the most frequently employed bi-
ochemical indicator of bone metabolism, is a kind of enzyme
system widely present in tissues of the human body, which is
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mainly synthesized in the liver and bone tissues and catalyzes
the hydrolysis reaction of phosphate compounds. The ALP
level rises significantly when bone formation increases or
bone resorption decreases, and its close correlation with
NSCLC prognosis has been confirmed %2 In this study, the
sensitivity, specificity, and AUC of ALP for diagnosing bone
metastasis in NSCLC patients were 22.1%, 90.0%, and 0.654,
respectively, which could be used for combined de-tection.
ALP level can be an early marker for bone metastasis in
NSCLC patients, and an abnormal ALP level may indicate a
high potential for bone metastasis, especially in patients with
less elevated CEA and CYFRAZ21-1 levels. These two indi-
cators possess high predictive value for bone metastasis in
NSCLC %, As a marker of bone destruction and formation,
ALP exhibits unique diagnostic value for bone metastasis.
As a result, the combined detection of CEA, CYFRA21-1,
and ALP may provide a more accurate and effective clinical
basis for early diagnosis of NSCLC patients with bone me-
tastasis. In this study, CEA, CYFRA21-1, and ALP levels in
the serum of NSCLC patients were detected and analyzed.
Compared with patients without bone metastasis, those suf-
fering from bone metastasis demonstrated increased content
of these three markers. Specifically, elevated CEA usually
indicated an increased tumor size or distant metastasis, ele-
vated CYFRA21-1 further indicated enhanced activity and
spread capacity of tumor cells, and elevated ALP directly re-
flected abnormal bone metabolism. The results of ROC
curve analysis showed that a sensitivity of 86.8% and an
AUC of 0.787 were obtained for the combined detection.
Both values were higher than those of any marker alone,
suggesting that this combined detection offers greater clini-
cal value for diagnosing bone metastasis in NSCLC patients.

Nevertheless, this study has limitations. Firstly, the ret-
rospective design may introduce selection bias, potentially
limiting the generalizability of the results. Secondly, this
study did not analyze the relationship between serum bi-
omarker levels and the extent or anatomical distribution of
bone metastases (e.g., solitary vs. multiple lesions; spinal vs.
pelvic or appendicular sites) due to incomplete or incon-
sistent imaging records in the retrospective dataset. These
stratifications should be carefully explored in future prospec-
tive studies with standardized imaging and staging protocols.

Conclusion

The detection integrating CEA, CYFRA21-1, and ALP
is an effective means of diagnosing NSCLC patients for bone
metastasis early, which can efficiently reduce missed diagno-
ses and misdiagnoses in bone metastasis screening. It not on-
ly expands the application of biomarkers in tumor diagnosis
but also provides clinicians with more comprehensive and
accurate information in NSCLC treatment and management.
With the application and popularization of this detection
strategy, the early screening results of NSCLC may be sig-
nificantly improved, thereby prolonging both disease-free
survival and overall survival, as well as raising the quality of
life. As more in-depth research is conducted and high-
precision detection technology develops in the future, testing
incorporating CEA, CYFRA21-1, and ALP will have broad-
er prospects in tumor diagnosis and treatment.
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Abstract

Background/Aim. Sepsis is a potentially lethal condition
that ranks among the most severe medical disorders glob-
ally and results in elevated mortality rates. The aim of this
study was to examine the correlation between sepsis out-
comes in patients and the platelet-to-lymphocyte ratio
(PLR), including mortality and duration of intensive care
unit (ICU) stay from admission, while considering rele-
vant demographic and clinical factors. Methods. In this
retrospective study, the Medical Information Mart for In-
tensive Care (MIMIC)-IV dataset information was used.
Sepsis patients were de-identified, and their PLR values
were calculated upon admission. Multivariate logistic re-
gression models were used to assess the relationship be-
tween PLR and mortality, adjusting for confounding vari-
ables such as age, gender, comorbidities, and vital signs.
Additionally, the association between PLR and the length
of the ICU stay was analyzed using linear regression mod-
els. Results. This study included 4,624 sepsis patients.
Higher PLR values were significantly correlated with de-
creased survival probabilities in the unadjusted model
[Model 1 — odds ratio (OR): 0.890, 95% confidence inter-
val (CI): 0.810-0.970, p < 0.001]. This association re-
mained significant after adjusting for demographic factors
(Model 2 — OR: 0.920, 95% CI: 0.850-0.995, p < 0.001),

Apstrakt

Uvod/Cilj. Sepsa je potencijalno smrtonosno stanje koje
se ubraja medu najteze zdravstvene poremecaje Sirom sveta
i rezultira povisenom stopom smrtnosti. Cilj rada bio je da
se ispita korelacija izmedu ishoda sepse kod bolesnika i
odnosa trombocita i limfocita (TLO), ukljucuju¢i mortalitet
i duzinu boravka u jedinici intenzivne nege (JIN), uzimajuéi
u obzir relevantne demografske i klinicke faktore. Metode.
U ovoj retrospektivnoj studiji, koriséene su informacije iz

comorbidities and biochemical parameters (Model 3 —
OR: 0.880, 95% CI: 0.800-0.960, p = 0.0273), and vital
sighs (Model 4 — OR: 0.860, 95% CI: 0.780-0.940,
p = 0.0301). Furthermore, our analyses revealed a trend
towards prolonged ICU stay with higher PLR values, alt-
hough the association did not reach statistical signifi-
cance. Survivors were younger (median age 63.37 vs.
70.84 years) and had lower Charlson Comorbidity Index
(CCI) scores (median CCI 4.00 vs. 6.00, p < 0.001) com-
pared to non-survivors. Conclusion. The outcomes indi-
cate that higher PLR levels correlate with greater fatality
rates in sepsis patients, underscoring its potential as a
predictive biomarker. The observed trend towards pro-
longed ICU stay with higher PLR warrants further inves-
tigation. Model 4, which includes demographic factors,
comorbidities, biochemical parameters, and vital signs,
demonstrated the strongest association between PLR and
mortality, suggesting it may be the most clinically useful
model for predicting sepsis outcomes. Incorporating PLR
into risk assessment and therapeutic decision-making
frameworks may enhance sepsis treatment and improve
patient outcomes.

Key words:
biomarkers; blood platelets; intensive care unit;
lymphocytes; mortality; sepsis.

baze podataka Medical Information Mart for Intensive Care
MIMIC)-IV. Bolesnici sa sepsom bili su anonimni, a
njihove TLO vrednosti izracunate su po prijemu. Za
procenu odnosa izmedu TLO i moratliteta koriséeni su
modeli multivarijantne logisticke regresije, uz prilagodavanje
za varijable koje mogu da uticu na rezultat kao $to su
starost, pol, komorbiditeti i vitalni znaci. Pored toga,
analizirana je povezanost izmedu TLO i duZine boravka na
JIN koris¢enjem modela linearne regresije.
Rezultati. Ova studija obuhvatila je 4 624 bolesnika sa
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sepsom. Vise vrednosti TLO znacajno su korelisale sa
smanjenom verovatno¢om prezivljavanja u modelu bez
prilagodavanja [Model 1 — odds ratio (OR): 0,890, 95%
confidence interval (CI): 0,810-0,970, p < 0,001]. Ova
povezanost ostala je znacajna nakon prilagodavanja za
demografske faktore (Model 2 — OR: 0,920, 95%
CI: 0,850-0,995, p < 0,001), komorbiditete i biohemijske
parametre (Model 3 — OR: 0,880, 95% CI: 0,800-0,960,
p = 0,0273) i vitalne znake (Model 4 — OR: 0,860, 95% CI:
0,780-0,940, p = 0,0301). Stavige, nage analize su pokazale
trend ka produzenom boravku u JIN kod visih vrednosti
TLO, iako ta povezanost nije dostigla statisticku
znacajnost. Preziveli su bili mladi (medijana starosti 63,37
vs. 70,84 godine) i imali su nize Charlson Comorbidity Index
(CCI) rezultate (medijana CCI 4,00 vs. 6,00, p < 0,001) u
poredenju sa onima koji nisu preziveli. Zakljucak.

Rezultati ukazuju da visi nivoi TLO koreliSu sa veéim
stopama smrtnosti kod bolesnika sa sepsom, $to naglasava
potencijal TLO kao prediktivhog biomarkera. Uoceni
trend ka produzenom boravku u JIN kod visih vrednosti
TLO zahteva dalja istrazivanja. Model 4, koji ukljucuje
demografske  faktore, = komorbiditete,  biohemijske
parametre i vitalne znake, pokazao je najjacu vezu izmedu
TLO i mortaliteta, $to sugeriSe da bi mogao biti klini¢ki
najkorisniji model za predvidanje ishoda sepse.
Ukljucivanje TLO u okvire za procenu rizika i donosenje
odluka u vezi sa terapijom moze poboljsati lecenje sepse i
ishode stanja bolesnika.

Kljucne reci:
biomarkeri; trombociti; intenzivna nega, odeljenja;
limfociti; mortalitet; sepsa.

Introduction

Sepsis is characterized by a dysregulated host reaction
to infection, representing a potentially lethal condition that
ranks among the most severe medical disorders globally and
results in elevated mortality rates among patients in intensive
care units (ICUs) » 2 Despite various biomarkers having
been identified to influence the development and prognosis
of sepsis, there is still a need to discover useful biomarkers to
improve patient survival 3.

The platelet-to-lymphocyte ratio (PLR) is a widely ac-
cessible haematological metric linked to diverse inflammato-
ry and immunological responses. In certain diseases, such as
cardiovascular diseases and cancer, PLR has been considered
an important prognostic indicator. PLR has been reported to
have potential predictive value in sepsis, but current studies
are limited, and most have small sample sizes * 5. A recent
systematic review and meta-analysis by Wang et al. ® found
that PLR levels were significantly higher in sepsis non-
survivors than in survivors, indicating its potential as a prog-
nostic marker. Additionally, Zheng et al. 7 reported that both
low and high PLR levels are associated with higher in-
hospital mortality, and specifically, the early decrease in
PLR after admission correlates with increased mortality in
sepsis patients. Existing research has analyzed the predictive
value of PLR in sepsis using the Medical Information Mart
for Intensive Care (MIMIC) — Il database 8, but systematic
studies utilizing larger databases (e.g., MIMIC-IV) are
scarce. Given the wealth of clinical data provided by the
MIMIC-IV database, including patients’ laboratory test re-
sults and clinical courses, it presents a unique opportunity to
further investigate the role of PLR in predicting mortality in
sepsis.

The aim of this study was to conduct an in-depth analy-
sis of the application of PLR in sepsis patients using the
MIMIC-IV database, analyzing the relationship between
PLR and mortality rates in sepsis patients, as well as to ex-
plore the associations between PLR and other clinical pa-
rameters to evaluate its potential as an effective biomarker
for sepsis severity and prognosis.
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Methods
Data sources

The MIMIC-1V database was utilized for this retrospec-
tive study. MIMIC-IV is an extensive repository encompass-
ing detailed patient data from the ICU of premier tertiary
care facilities in Boston, Massachusetts, the United States,
spanning from 2008 to 2019 °. This database contains exten-
sive patient data, including vital signs, care plan documents,
severity evaluations, diagnoses, therapeutic interventions,
and laboratory findings. All patient information in the dataset
has been de-identified to safeguard privacy. The dataset’s
ethical usage was approved by the review boards at Beth Is-
rael Deaconess Medical Center and the Massachusetts Insti-
tute of Technology, which exempted this study from the re-
quirement for written consent due to the de-identified content
of the data.

For accessing the database, the research team complet-
ed the Collaborative Institutional Training Initiative course,
achieving certification (ID: 60447838) and passing relevant
examinations concerning “conflict of interest” and “data or
specimen study only”. This study was meticulously executed
using STROBE (Strengthening the Reporting of Observa-
tional Studies in Epidemiology) standards, thereby ensuring
both methodological rigor and adherence to ethical guide-
lines. This structured approach underscores the commitment
to ethical standards and scientific integrity in the handling
and analysis of patient data. The MIMIC dataset is the pri-
mary source of the data used in this study, which has been
previously approved for research use.

The study was approved by the Ethics Committee of
Zhejiang Xinan International Hospital (approval No.
345/PLR/2022, from April 13, 2022).

Study population and definitions
Sepsis was defined according to the Third International

Consensus Definitions for Sepsis and Septic Shock (Sep-
sis-3), which identified individuals with a Sequential Organ
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Failure Assessment (SOFA) score of > 2 and suspected in-
fections . Exclusions for the study were as follows: patients
under the age of 18, those with a SOFA score less than 2 up-
on ICU admission, or those with ICU stays shorter than 48
hrs. Initial ICU-acquired infections were defined according
to the Centers for Disease Control and Prevention (CDC)
standards ! as any new infection occurring 48 hrs after ICU
admission, evidenced by positive microbial culture and the
initiation of a new antibiotic regimen *2,

Data collection

Only sepsis patients who satisfied the inclusion criteria
and were admitted to the ICU for the first time were exam-
ined to prevent duplication. Extracted patient baseline pa-
rameters included age, gender, weight, duration of hospital
and ICU stays, and death. Baseline ICU scoring standards
collected at admission included SOFA, Acute Physiology
Score 11l (APS 111), and Charlson Comorbidity Index (CCI).
Comorbidities at admission included shock, cardiovascular
disease, surgical status, cancer, kidney diseases, and liver
dysfunction. Intervention events covered pharmacological
treatments (vasopressors, corticosteroids, heparin), blood
transfusion, renal replacement therapy, mechanical ventila-
tion, central venous catheters, and urinary catheters. Labora-
tory data were gathered at the time of ICU admission. The
database’s microbiological examination findings provided
proof of illnesses acquired in the ICU.

Statistical analysis

Missing values were imputed using the random forest
method to ensure data consistency and interpretability. Con-
tinuous factors were provided as median [interquartile range
(IQR)]. Intergroup comparisons employed appropriate statis-
tical methods, including the t-test, Wilcoxon rank-sum test,
analysis of variance, or Kruskal-Wallis test. Linear correla-
tions were evaluated between PLR and the duration of ICU
stay. Extended model approaches were used for covariate ad-

justments as follows: Model 1 was a simple predictive model
for survival rate based on PLR; Model 2 incorporated demo-
graphic indicators such as age, gender, and race; Model 3
added comorbidities and biochemical test results after 24 hrs
of ICU admission; Model 4 integrated parameters of vital
signs including heart rate, mean blood pressure, respiration
rate, peripheral capillary oxygen saturation (SpO), and tem-
perature. The goodness-of-fit tests were performed for all lo-
gistic regression models. In a two-tailed test, a p-value
< 0.05 was determined statistically noteworthy. Utilizing R
software, statistical analyses were conducted.

Results

This research involved a group of 4,624 patients who
fulfilled the inclusion criteria. The demographic and clinical
characteristics upon admission are delineated in Table 1. Of
the total 4,624 patients, the survivor group comprised 1,819
patients, while the non-survivor group consisted of 2,805 pa-
tients. Within the entire cohort, male patients in the survivor
group accounted for 22.34% (1,033/4,624) of the total sam-
ple, whereas male patients in the non-survivor group repre-
sented 34.08% (1,576/4,624). The proportion of males within
the survivor group was 56.79% (1,033/1,819), and the pro-
portion of males within the non-survivor group was 56.19%
(1,576/2,805). The individuals who survived had an average
age of 63.37 years (IQR: 52.37-74.35), significantly younger
compared to those who did not survive, whose average age
was 70.84 years (IQR: 64.02-80.87) (p < 0.001). Regarding
comorbidities, patients who survived had a lower median
CCI of 4.00 (IQR: 2.00-6.00) than those who did not, with a
median of 6.00 (IQR: 4.00-8.00). At the time of ICU admis-
sion, the white blood cell count was notably higher in the
survivor group with a median of 9.10 (IQR: 6.55-14.40)
compared to 8.80 (IQR: 6.30-13.10) in the non-survivor
group. Additionally, the median platelet count was compara-
ble between the two groups, with 208.00 (IQR: 148.00-
283.00) in the survivor group and 209.00 (IQR: 144.00-
284.00) in the non-survivor group.

Table 1
Demographic and clinical characteristics of patients upon admission
Parameters Survivors (n =1,819) Non-survivors (n =2,805) SMD p
Demographics
gender, male 1,033 (22.34) 1,576 (34.08) -0.012  0.693
age, years 63.37 (52.37-74.35) 70.84 (60.42-80.87) 0.487 <0.001
weight, kg 81.60 (67.80-98.00) 76.90 (64.00-93.20) 0.186 <0.001
Comorbidities
CcCl 4.00 (2.00-6.00) 6.00 (4.00-8.00) 0.721 <0.001
Laboratory results at admission
WBCs, x10° (4.0-10.0) 9.10 (6.55-14.40) 8.80 (6.30-13.10) 0.042 0.002
platelets, x10° (150-400) 208.00 (148.00-283.00) 209.00 (144.00-284.00)  0.005 0.769
glucose, mg/dL (78-110) 205.08 (164.00-286.17) 207.00 (163.30-283.15)  0.007 0.884
Vital parameters at admission
heart rate, bpm (60-100) 97.17 (90.47-104.13) 97.52 (89.68-104.14) 0.074 0.225
MBP, mmHg (70-105) 75.58 (72.47-79.23) 75.31 (71.84-78.99) 0.098 0.008
respiration rate, breaths/min (12-20) 21.00 (19.08-23.00) 21.02 (19.00-23.00) 0.001 0.683
SpO2, % (95-100) 96.16 (95.00-97.04) 96.06 (95.00-97.04) 0.033 0.257
temperature, °C (36.0-37.5) 36.98 (36.74-37.18) 36.90 (36.65-37.13) 0.214 <0.001
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Table 1 (continued)
Parameters Survivors (n =1,819) Non-survivors (n =2,805) SMD p
Score
SOFA 4.00 (3.00-5.00) 4.00 (3.00-6.00) 0.164 <0.001
APSIII 50.00 (39.00-63.00) 62.00 (48.00-79.00) 0.594 <0.001
Hematological indices
hemoglobin, g/dL 12.30 (10.50-13.70) 11.80 (10.20-13.30) 0.182 <0.001
(male: 13.5-17.5, female: 12.0-16.0)
MCV, fL (80-100) 91.00 (87.00-95.00) 92.00 (88.00-98.00) 0.191 <0.001
RBC, x10%%/L 4.07 (3.54-4.56) 3.91 (3.35-4.40) 0.224 <0.001
(male: 4.5-6.0, female: 4.5-5.5)
RDW, % (11.5-04.5) 14.20 (13.30-15.50) 14.70 (13.70-16.50) 0.313 <0.001
Predictors
lymphocyte, % (20-40) 19.64 (7.10-28.65) 21.50 (9.30-28.93) 0.103 <0.001
NLR (1-3) 0.28 (0.09-0.45) 0.32 (0.12-0.46) 0.008 <0.001
PLR (50-300) 124.78 (105.73-219.58) 129.68 (107.47-238.07)  0.089 0.012
LAR 1.12 (0.82-1.45) 1.19 (0.90-1.63) 0.225 <0.001
Outcomes
LOS ICU, days 3.18 (1.90-6.71) 3.56 (1.92-7.37) 0.043 0.041

SMD - standardized mean difference; CCI — Charlson Comorbidity Index; WBCs — white blood cells; bpm — beats
per minute; MBP — mean blood pressure; SpO2 — peripheral capillary oxygen saturation; SOFA - Sequential Organ
Failure Assessment; APSIII — Acute Physiology and Chronic Health Evaluation Ill; MCV - mean Corpuscular
volume; RBC - red blood cells; RDW - red cell distribution width; NLR - neutrophil-to-lymphocyte ratio;
PLR - platelet-to-lymphocyte ratio; LAR — lymphocyte-to-adrenal ratio; LOS ICU — Length of Stay in Intensive Care

Unit.

Values in brackets in the first column indicate the reference range for each respective parameter. Group values are
expressed as numbers (percentages) or median (interquartile range).

Vital parameters at admission also exhibited some dif-
ferences. The median heart rate for survivors was 97.17
beats per minute (bpm) (IQR: 90.47-104.13) as opposed to
97.52 bpm (IQR: 89.68-104.14) for non-survivors. The
median SOFA score at admission, a critical measure of or-
gan failure, was equal in both groups, 4.00 (IQR: 3.00-
5.00). Similarly, there was no significant difference in the
APS 111, with a median of 50.00 (IQR: 39.00-63.00) for the
survivor group and 62.00 (IQR: 48.00-79.00) for the non-
survivor group. In terms of blood count, hemoglobin levels
were slightly elevated in the survivor group, with a median
of 12.30 g/dL (IQR: 10.50-13.70), compared to the non-
survivor group, which had a median of 11.80 g/dL (IQR:
10.20-13.30). The mean corpuscular volume was marginal-
ly lower in the surviving patients, with a median value of
91.00 fL (IQR: 87.00-95.00) vs. 92.00 fL (IQR: 88.00-
98.00) in those who died. The analysis of predictors such as
lymphocyte percentage showed a median of 19.64% (IQR:
17.10-26.85) for survivors compared to 21.50% (IQR:
9.30-28.93) for non-survivors. Inflammatory markers like
the neutrophil-to-lymphocyte ratio (NLR) and PLR were
also considered, showing that survivors had a median NLR
of 0.28 (IQR: 0.09-0.45) and PLR of 124.78 (IQR: 105.73-
219.58).

Ultimately, the duration of ICU stay was reduced for
survivors, averaging 3.18 days (IQR: 1.90-6.71) compared
to 3.56 days (IQR: 1.92-7.37) for non-survivors. This com-
prehensive data analysis underscores the complex nature of
sepsis outcomes and highlights the importance of specific
clinical and laboratory factors in predicting patient survival.

In evaluating the association between the PLR and
the duration of ICU stay, our analyses reveal a trend that
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warrants attention. Figure 1 suggests a distribution
where higher PLR values correlate with a prolonged
length of stay in the ICU, as indicated by the concentra-
tion of data points and the trend line. This scatterplot
visually demonstrates the potential utility of PLR as a
predictor for ICU length of stay, with higher PLR values
indicating a longer anticipated duration of stay in the
ICU.

The logistic regression models further substantiate the
influence of PLR on patient survival (Table 2). Model 1,
which includes the PLR as the sole predictor, yields an
odds ratio (OR) of 0.890 [95% confidence interval (CI):
0.810-0.970, p < 0.001], indicating that elevated PLR lev-
els are modestly correlated with a decrease in the odds of
survival. Model 2, controlling for demographic characteris-
tics such as age, gender, and race, demonstrates a marginal-
ly elevated OR of 0.920 (95% CI: 0.850-0.995, p < 0.001).
Model 3 incorporates comorbidities and biochemical test
results recorded 24 hrs after ICU admission, producing an
OR of 0.880 (95% CI: 0.800-0.960, p = 0.0273). Compre-
hensive Model 4, which adds vital signs parameters to the
previous model, demonstrates an OR of 0.860 (95% CI:
0.780-0.940, p = 0.0301). This indicates that when vital
signs are considered alongside PLR, a higher PLR is signif-
icantly associated with decreased survival odds. Model 4
shows the strongest association between PLR and mortality
(lowest OR value) and therefore appears to be the most
clinically useful model for predicting sepsis outcomes.
These results highlight the potential of PLR as a prognostic
indicator in ICU patients with sepsis, warranting further in-
vestigation into its role as a biomarker for clinical out-
comes.
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Length of ICU Stay (days)

200 400 600 800
Platelet-to-Lymphocyte Ratio (PLR)
Fig. 1 — The relationship between PLR and length of ICU stay.
PLR - platelet-to-lymphocyte ratio; ICU — intensive care unit.

Note: this scatterplot depicts the correlation between PLR values at ICU admission and the duration of ICU
stay in 4,624 sepsis patients from the Medical Information Mart for Intensive Care (MIMIC)-1V database.
A trend line has been added to highlight the positive correlation observed — higher PLR levels are associated
with a tendency toward longer ICU stays. Although the association did not reach statistical significance in
the regression model, this pattern suggests PLR may offer prognostic utility in predicting ICU resource use.

Table 2

The results of logistic regression between
the PLR and the survival outcome

PLR survival outcome

Model [OR (95% CI)] p-value
1 0.890 (0.810-0.970) < 0.001
2 0.920 (0.850-0.995) < 0.001
3 0.880 (0.800-0.960)  0.0273
4 0.860 (0.780-0.940)  0.0301
PLR - platelet-to-lymphocyte ratio;

OR - odds ratio; CI — confidence interval.

Note: results of multiple logistic regression models analyzing the
association between the PLR and survival outcome. Model 1 is the
unadjusted model with PLR as the sole predictor. Model 2 adjusts for
demographic factors including age, gender, and race. Model 3 further
adjusts for comorbidities and biochemical test results recorded after
24 hrs of intensive care unit admission. Model 4 additionally
incorporates vital signs parameters, including heart rate, mean blood
pressure, respiration rate, peripheral capillary oxygen saturation, and
temperature. ORs along with 95% Cls and p-values are reported for
each model. A p-value < 0.05 is considered statistically significant,
representing a significant association between PLR and survival
outcome after adjusting for the included covariates in that particular
model.

Discussion

This study revealed that PLR is a key biomarker for the
prognosis of patients with sepsis. This study examined the
demographic and clinical features of septic patients upon
admission, along with the impact of PLR on individual sur-
vival and duration of stay in the ICU. Several previous stud-

ies have examined the diagnostic and prognostic value of
PLR in sepsis “®. A recent systematic review and meta-
analysis by Wang et al. ® analyzed 16 studies with 2,403 sep-
tic patients and found that PLR levels were significantly
higher in non-survivors than in survivors. Furthermore,
Zheng et al.  reported a U-shaped relationship between base-
line PLR and in-hospital mortality, indicating that both low
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and high PLR values are associated with poorer outcomes.
Our findings align with these previous studies and provide
additional evidence from a larger dataset using the newer
MIMIC-IV database.

The observed differences in demographic and clinical pa-
rameters between surviving and non-surviving patients under-
line the multifactorial nature of sepsis outcomes. Notably, sur-
vivors tended to be slightly younger and had lower CCI scores
upon admission. While these findings align with previous lit-
erature, the significance lies in the confirmation of these trends
within our cohort ™3, Socioeconomic and clinical risk factors,
such as race, education, hospital type, and delirium duration,
are linked to worse long-term cognitive impairment after an
ICU stay, particularly CCI 3. CCI has been reported to syner-
gize with age to affect patient survival *.

Our analyses revealed intriguing insights into the pre-
dictive value of PLR in sepsis prognosis. Higher PLR values
were associated with decreased odds of survival, even after
adjusting for demographic variables, comorbidities, and vital
signs. Previous studies have also demonstrated that higher
PLR levels upon admission in patients with various condi-
tions correlate with increased morbidity and mortality 3 4,
For instance, Zheng et al. ” found a significant difference in
PLR change over time between survivors and non-survivors
in sepsis patients. Similarly, studies examining PLR in pa-
tients diagnosed with coronavirus disease 2019 have shown
that higher levels correlate with disease severity and poorer
outcomes .

Nevertheless, due to the poor quality of this evidence,
more research on the PLR threshold is required *°. These find-
ings corroborate previous studies suggesting PLR as a poten-
tial biomarker for adverse outcomes in sepsis patients ©. Fur-
ther research is necessary to clarify the processes behind this
connection and to assess the applicability of PLR in treatment.
The association between PLR and duration of ICU stay also
merits attention. While our analyses indicated a trend towards
a prolonged ICU stay with higher PLR values, the clinical im-
plications of this observation warrant further investigation.
The lack of statistical significance does not necessarily indi-
cate no effect, but rather reflects the limitations of our current
dataset and analytical approach. Future studies with larger
sample sizes and possibly different analytical methods might
reveal a statistically significant relationship.

Understanding the relationship between PLR and ICU
outcomes could inform risk stratification and resource allo-
cation strategies in sepsis management 8. This research en-
hances the existing knowledge on prognostic indicators and
therapeutic approaches in sepsis. By examining multiple

models with varying degrees of adjustment for confounding
factors, we have demonstrated that Model 4, which includes
demographic variables, comorbidities, biochemical test re-
sults, and vital signs, provides the best assessment of PLR’s
relationship with mortality. This comprehensive model could
be valuable for clinical decision-making, offering a more
precise prediction of patient outcomes than simpler models
or PLR alone.

Variables influencing patient outcomes were carefully
analyzed by combining demographic, clinical, and laboratory
data. Identifying PLR as a potential prognostic predictor un-
derscores the significance of examining inflammatory mark-
ers in determining the treatment of sepsis and the probability
of recurrence. Nevertheless, our study is not without limita-
tions. Our findings may not be as broadly applicable as they
may be due to the retrospective nature of our research and
our reliance on a single-center dataset. Additionally, while
we adjusted for various confounding factors in our analysis,
including demographic variables, comorbidities, biochemical
markers, and vital signs, the presence of unmeasured con-
founders cannot be entirely excluded. Future studies incorpo-
rating larger, multi-center datasets and prospective designs
are required to corroborate our results and elucidate the PLR
clinical implications in sepsis management.

Conclusion

This study provides valuable insights into the relation-
ship between PLR and sepsis outcomes, contributing to the
growing body of literature on prognostic markers and treat-
ment strategies in sepsis. Our findings suggest that PLR
could be a valuable tool in risk stratification and prognostic
evaluation for sepsis patients. Furthermore, our analysis of
four different models indicates that comprehensive consider-
ation of demographic factors, comorbidities, biochemical pa-
rameters, and vital signs alongside PLR (Model 4) provides
the most robust approach for predicting mortality in sepsis
patients.
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Abstract

Background/Aim. Neuroplasticity of the somatosensory
system can be manifested after short-term or long-term pe-
ripheral tactile stimulation. Focused attention has been well
established as a modulator of neural processing in the visual
and auditory systems. Howevert, its role in the primary so-
matosensory cortex is insufficiently elucidated. The aim of
this study was to examine the effect of focused attention on
short-term somatosensory neuroplasticity following repeat-
ed tactile stimulation of different intensity over identical lo-
cations on the hands and shoulders. The aim of the study
was also to determine whether repeated tactile stimulation
of different intensity in the shoulder area of the non-
dominant hand leads to a reduction in the stimulus thresh-
old and to assess whether similar changes occur in the con-
tralateral, unstimulated shoulder somatotopically identical
location. Methods. This study included 30 healthy volun-
teers of both sexes. The contingent negative variation
(CNV) wave and the Go/NoGo paradigm for measuring
reaction time were used to objectively register the stimulus
threshold for light touch, before and after sensory stimula-
tion. The CNV wave was registered within the paradigm

Apstrakt

Uvod/Cilj. Neuroplasti¢nost somatosenzornog sistema moze
se manifestovati nakon kratkotrajne ili dugotrajne periferne
taktilne stimulacije. Fokusirana paznja je dobro poznat
modulator neuralne obrade u vizuelnim i auditivnim sistemima.
Medutim, njena uloga u primarnom somatosenzornom
korteksu je nedovoljno razjasnjena. Cilj rada bio je da se ispita
efekat fokusirane paznje na kratkoroénu somatosenzornu
neuroplasticnost nakon ponovljenih serija taktilnih stimulusa
razli¢itog intenziteta na identicnim mestima na Sakama i
ramenima. Cilj rada je takode bio da se utvrdi da li ponovljeni
taktilni stimulusi razlicitog intenziteta u predelu ramena

with two known stimuli, the first of which was tactile and
the second visual in the form of a green or red citcle that
appeared randomly on the screen. Peripheral sensory stimu-
lation was conducted only over the non-dominant hand and
shoulder using multiple series with 12 tactile stimuli of vary-
ing intensities. Results. The results showed statistically sig-
nificant decrease in the stimulus threshold for light touch
on both shoulders after tactile stimulation performed only
on the non-dominant shoulder. In addition, whenever CNV
waves were detected within the Go/NoGo paradigm, reac-
tion times of the subjects were significantly shorter, which
served as an objective validation of the initial detection of
tactile thresholds before and after peripheral sensory stimu-
lation. Conclusion. Short-term, unilateral tactile stimulation
leads to bilateral, functional adaptation of the proximal re-
gions of the upper extremities, which suggests interhe-
mispheric homologous transfer within the somatosensoty
system, supporting the principle of somatotopic organiza-
tion in somatosensory neuroplasticity.

Key words:
cerebral cortex; electroencephalography; neuronal
plasticity; sensory thresholds.

nedominantne ruke dovode do smanjenja praga nadrazaja i da
se proceni da li sliéne promene nastaju i u kontralateralnom,
nestimulisanom ramenu, na somatotopski identi¢noj lokaciji.
Metode. U ovu studiju je bilo ukljueno 30 zdravih
dobrovoljaca oba pola. Talas kontingentne negativne varijacije
(contingent negative variation — CNV) 1 Go/NoGo paradigma za
merenje reakcionog vremena bili su koris¢eni kako bi se
objektivno registrovao prag nadrazaja za lak dodir, pre i nakon
senzorne stimulacije. CNV talas bio je registrovan u okviru
paradigme sa dva poznata stimulusa, od kojih je prvi bio taktilni
a drugi vizuelni u vidu zelenog ili crvenog kruga koji su se
nasumicno pojavljivali na ekranu. Periferna taktilna stimulacija
bila je sprovedena samo na nedominantnoj $aci i ramenu, i to
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kroz vise serija sa 12 taktilnih stimulusa razlicitih intenziteta.
Rezultati. Rezultati su pokazali statisticki znacajno snizenje
praga nadrazaja za lak dodir na oba ramena nakon taktilne
stimulacije sprovedene samo na nedominantnom ramenu.
Pored toga, kada god su bili detektovani CNV talasi u okviru
Go/NoGo paradigme, reakciona vremena ispitanika bila su
znacajno kraca, $to je sluzilo kao objektivna potvrda detekcije
praga nadrazaja pre i nakon periferne senzorne stimulacije.
Zaklju¢ak. Kratkotrajna, unilateralna taktilna stimulacija

dovodi do bilateralne, funkcionalne adaptacije proksimalnih
regija gornjih ekstremiteta, sto sugeriSe interhemisferi¢ni
homologni transfer u okviru somatosenzornog sistema,
podrzavajuéi  princip  somatotopskog  organizovanja u
somatosenzornoj neuroplasticnosti.

Kljucne reci:
mozak, veliki, kora; elektroencefalografija;
neuroplasti¢nost; prag nadrazaja.

Introduction

Studies have shown that the organization of the soma-
tosensory system is prone to prompt adaptation as a response
to changes in peripheral input 2. In most of them, a deafferen-
tation model was used in which peripheral sensory afferents
were either temporarily suppressed or permanently eliminat-
ed %, However, research employing electrical stimulation of
peripheral nerves has also demonstrated the induction of corti-
cal plasticity, even in the absence of afferent deprivation > 6.
Additionally, studies focusing on repetitive tactile stimulation
of peripheral mechanoreceptors have reported enhancements
in somatosensory function, confirming that various stimulation
paradigms can induce training-related perceptual learning 7.

One of the main questions in the research of somatosenso-
ry systems involves the role of attention. A previous publication
showed that anticipating a stimulus can improve overall percep-
tion by amplifying relevant stimuli and/or suppressing irrelevant
ones 8. In the visual and auditory systems, attention has an im-
portant role in filtering out unwanted and facilitating relevant af-
ferent information; however, the picture is less clear for the so-
matosensory cortex, for which there is still a scientific debate
whether this occurs at the level of primary somatosensory cortex
(SI), secondary somatosensory cortex (SII) or both %,

Studies have used different parameters and spatial-temporal
characteristics in repetitive tactile stimulation protocols 5.

The aim of this study was to explore the effects of fo-
cused attention on short-term peripheral tactile stimulation of
the somatosensory system using tactile cued attention training.
We employed a psychophysiological research paradigm com-
bined with electroencephalography (EEG) recordings, with
specific aims: to determine whether short-term tactile stimula-
tion can reduce touch thresholds at the shoulder, and to exam-
ine whether a similar change occurs on the contralateral, non-
stimulated shoulder, potentially indicating interhemispheric
sensory modulation.

Methods

Participants

Thirty healthy volunteers (9 males and 21 females) be-
tween 18 and 55 years of age [mean + standard deviation
(SD): 35.4 + 8.9 years] participated in our study. Participants
were recruited from the general population and provided a de-
tailed explanation of the study protocol before enrollment. We
included subjects of all ethnic groups who could comprehend

and had intact and normal manual dexterity to perform specific
tasks during this research. According to the modified Edin-
burgh scale, 4 participants were left-handed and 26 had right-
hand dominance . All subjects self-declared that they had no
prior history of any neurological, psychiatric, or cognitive im-
pairment that might interfere with somatosensory perception
and study interpretation. This study was approved by the Insti-
tutional Review Board of NYU School of Medicine, New
York, USA (No. i14-01734; from January 13, 2015). Before
participating, all volunteers provided written informed consent
following the Declaration of Helsinki. All participants com-
pleted the study with no adverse events.

Location and experimental conditions

The measurements were conducted at the Clinical Neu-
rophysiology Laboratory at the Hospital for Joint Diseases,
NYU Langone Health, New York, USA. The temperature of
the testing environment was maintained at a comfortable
25°C. To ensure consistency across participants, all experi-
mental recordings were performed at a time of day when each
participant reported feeling most alert and focused. All exper-
imental testing was conducted in a single session lasting ap-
proximately 4 hrs. Participants were asked to abstain from
consuming any psychoactive substances, such as caffeinated
drinks and/or alcohol, at least 24 hrs before the measurements
took place 12 13,

Equipment

A tactile stimulator, TS 120 (SBMEDIC Electronics,
Solna, Sweden), served as a generator of light touch. The actu-
al tactile stimuli were delivered by a flat, round, 2 mm diame-
ter plastic tip with blunt edges within the displacement-
controlled system of the stimulator. The plastic tip had an ad-
justable displacement range of 1 um to 1 mm with a resolution
of 1 pm. Its duration of stimulation was 80 milliseconds (ms),
and the speed of skin indentation was between 80 and 100
pm/ms. An EEG recorder (Nicolet Biomedical, Madison, WI,
USA) was used for the registration of contingent negative var-
iation (CNV) waves, and a desktop computer with the open-
source application PsychoPy version 2020.1.2 (Open Science
Tools Ltd., Nottingham, England) provided the recording of
reaction time (RT) after the Go/NoGo decision task paradigm
with dissimilar visual stimuli. The tactile stimulator and
desktop computer were connected to an EEG recorder, which
was a signal generator in this closed circuit.
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Experimental design

Recordings were conducted on four target locations: the
thenar eminence and the lateral shoulder region bilaterally. Be-
fore all measurements, a participant took the most comfortable
sitting position in an adjustable reclining chair. The arm upon
which the trials were conducted was placed in a vacuum fixation
pillow (AB Germa, Kristianstad, Sweden), which secured a sta-
ble position during the experiment. A mechanical multi-jointed
device (Foba AG, Wettswil, Switzerland), to which the head of
the tactile stimulator was attached, permitted fixation at any de-
sired position and angle in relation to the skin surface. To ensure
permanent contact during interval displacements of the stimulat-
ing probe tip, the probe was placed perpendicularly to the skin
surface with constant indentation of approximately 1-3 mm.
Over the range of amplitudes needed to activate skin mechano-
receptors of the shoulder, the head of this stimulator produced a
sound that could have affected both CNV and RT recordings
during light touch stimuli trials. To avoid this confounding ele-
ment, all participants wore noise-canceling headphones (Bose,
Framingham, MA, USA) through which a computer-generated
pink noise with a sufficient volume to mask all surrounding
room noise was generated. Before measuring the shoulders, we
conducted a two-point discrimination test using an aesthesiome-
ter (Healthcare Fitness Products, Cottage Grove, WI, USA) to
determine the width of the mechanoreceptor fields 4. Volunteers
were asked not to move or blink their eyes except between trials.

Contingent negative variation and reaction time
recordings

To objectively assess light touch perception, we used the
CNV paradigm as a quantitative psychophysiological proce-
dure 1518, The CNV traces were recorded with gold cup surface
electrodes (Natus Medical Incorporated, Middleton, WI, USA)
placed according to the international 10-20 system. Before
placing the electrodes, we prepped the skin with alcohol and
abrasive gel, and to decrease impedance, we used conductive
paste (Weaver and Company, Houston, TX, USA). We used
midline central (Cz), frontal left (F3), frontal right (F4), and left
mastoid as recording electrodes, while the midline frontal (Fz)
electrode served as a reference. The ground electrode was

placed on the forehead. Electrode impedances were kept below
5 kiloohm (kQ), and the evoked potentials were recorded with
a filter bandwidth of 0.2 Hz to 30 Hz. The CNV was recorded
by applying a tactile stimulus followed by a visual stimulus
with a one second interval between them, during which CNV
was generated. For each stimulating tip displacement value, a
pair of tactile-visual stimuli were administered 12 times, and all
CNV traces were averaged and recorded during one trial *®. The
averaged CNV amplitudes in microvolt (uV) were measured
for each trial, and inter-trial intervals varied randomly from 3 to
8 s. The trial had no start cue, and participants waited for the
new tactile stimulus after the last visual stimulus, therefore
maintaining their focused attention during the experiment. The
participants were given a 3- to 5-min break after each location
was tested to avoid mental fatigue, maintain concentration, and
prepare the equipment for the following stimulation site. For
the analysis of CNV waves, we assessed the presence of early
CNV (eCNV) and/or late CNV (ICNV) wave components. An
early component was determined based on the individual max-
imum amplitude between 350 and 650 ms after tactile stimulus,
and a late component with a maximum amplitude in a 200 ms
interval preceding visual stimulus ¥’. All CNV amplitudes were
calculated offline after the measurements were done. During
the recordings of all trials, we subjectively determined only the
presence or absence of CNV responses. CNV recordings con-
taining eye movement, blinking, or facial muscle artifacts were
excluded from further analysis. RTs were recorded using the
Go/NoGo paradigm, randomly providing one of the two dis-
similar visual stimuli (green or red). Either a green or red circle
was automatically shown on a computer screen, placed approx-
imately 1.5 m in front of a subject, precisely one second after
each tactile stimulus was exerted. Subjects were instructed to
press the space key on a computer keyboard with the contrala-
teral, non-stimulated hand as quickly as possible, only after the
green light was shown on the screen, and to do nothing when
the red light appeared. The result of this action was a measure
of their RT in milliseconds, which was the period between the
onset of visual stimulus and pressing the keyboard. The basic
concept of the CNV paradigm and the study design were thor-
oughly explained to the subjects before the trials began. The
sequence of the CNV paradigm and Go/NoGo decision task
model is summarized in Figure 1.

Amplitude (uV)
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(80ms) (green or red)
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Fig. 1 — Schematic representation of the CNV paradigm and the Go/NoGo decision task model.
CNV- contingent negative variation; S1- tactile stimulus; S2 — visual stimulus.
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Determination of baseline tactile thresholds

To determine light touch thresholds, we tested the the-
nar eminence and shoulder of the non-dominant arm, fol-
lowed by the thenar eminence and shoulder of the dominant
arm, with the assessment of CNV and RT. For the initial
threshold determination procedure, we used the method of
descending levels, which utilizes stimuli of predetermined
levels of intensity and duration 8, The first displacement of
the stimulating tip was set to a value well above the expected
perception threshold of the tested skin region (50 pm and
150 pum for the thenar and shoulder, respectively), with the
step size of changes in the intensity of tactile stimulation of 2
pm for the thenar and 20 pum for the shoulder. A set of 12
stimulations per trial was delivered, with one to three second
of pseudorandom delay between stimulations, and CNV with
RT values were recorded. After every stimulus, a participant
was asked to report whether a tactile stimulus was perceived,
and this process was repeated, with a subsequent decrease of
stimulating tip amplitudes for every trial, until a participant
reported feeling 6 to 8 touches out of 12 repetitions. The
touch threshold was considered the displacement of the stim-
ulating tip (in pum), which still produced a clear CNV recog-
nizable in the record, even if it was of lower amplitude than
the CNV related to stronger stimuli . The same approach
was repeated for the measurements over other locations as
well.

Peripheral sensory stimulation and determination of
new tactile thresholds

Peripheral sensory stimulation was conducted over the
lateral shoulder surface of the non-dominant arm only. To
avoid confounding results within the Go/NoGo RT para-
digm, participants had to use their dominant hand to press
the keyboard. We used the exact positioning of participants
and equipment and the same concept of the CNV paradigm
and Go/NoGo decision task compared to determination of
baseline tactile threshold. Regarding the stimulus intensity,
we started from the confirmed threshold levels and then ran-
domly stepwise changed the displacement of the stimulating
tip up and down, with an overall decrease of stimulating am-
plitudes toward sub-threshold levels. The step size change
was 20 um, identical for all 30 participants. On average, be-
fore reaching new tactile thresholds for all participants, we
had to repeat 6 to 8 trials of 12 tactile stimuli. When the
CNV was obtained, the lowest stimulus intensity was taken
as a new objective threshold for light touch on the stimulated
shoulder.

Tactile threshold assessment of non-stimulated
shoulders

After a series of peripheral sensory stimulations, we as-
sessed whether any changes occurred for the contralateral
(non-stimulated) shoulder. The setup of the equipment and
participants was the same, except here, we performed only
two trials with 12 stimulus repetitions, as we wanted to avoid

the effects of direct peripheral sensory stimulation on this
shoulder. For these two trials, we used levels of tactile stimu-
lus intensity comparable to when we recorded a new touch
threshold over the non-dominant shoulder. If the CNV was
acquired during the first trial, we took that as a new objective
touch threshold over the non-stimulated shoulder. After that,
we conducted a second trial with the tip displacement re-
duced by 20 um to confirm the absence of the CNV at sub-
threshold levels of tactile intensity. On the other hand, if the
CNV was not recorded during the first trial, we increased the
tip displacement by 20 pm, then recorded clear CNV and
took that level of tactile stimulation as the new threshold.

Statistical analysis

Volunteers were assigned with record numbers only,
and the following data parameters were recorded: gender,
age, hand dominance, amplitude of stimulating tip displace-
ment (in um), CNV recordings (latency values in ms, ampli-
tude values in puV), RT values within the Go/NoGo decision
task paradigm (in ms) and number of subjectively perceived
tactile stimuli. All statistical analyses were conducted using
SPSS Statistics version 21. Results are given as mean values
+ SD. To compare two means, a Student’s t-test was used for
independent or paired samples, with the statistical signifi-
cance level set at p < 0.05. The one-way analysis of variance
(ANOVA) and two-way repeated measures ANOVA were
used to determine the differences with significance levels es-
tablished at p < 0.05. Before applying ANOVA, Shapiro-
Wilk’s test was used to assess the assumptions of normality,
and Mauchly’s test of sphericity was used to test the homo-
geneity of variances. When necessary, a logarithmic trans-
formation was applied (p < 0.05), and the procedure was re-
peated. The Student-Newman-Keuls method was used as a
post-hoc test whenever the ANOVA revealed a significant
difference between three or more sample means (p < 0.05).
Bonferroni correction was used when several statistical tests
were performed simultaneously. Spearman’s rank-order cor-
relation was used to determine the relationship between two
parameters.

Results

Determination of baseline tactile thresholds

Mean values and SDs for baseline tactile threshold
measurements (stimulating tip displacements in pum) are pre-
sented in Table 1.

Relationship of contingent negative variation and
reaction time recordings before peripheral sensory
stimulation

Before peripheral sensory stimulation, CNV traces were
present for all supra-threshold and threshold measurements.
This relationship was confirmed with the t-test, which
showed significant differences in the number of subjective
verifications of light touch stimuli when the CNV traces
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were generated and when they were absent in all four loca-
tions we assessed [non-dominant thenar: t (88) = 30.74,
p =0.0001; non-dominant shoulder: t (88) = 34.57,
p =0.0001; dominant thenar: t (88) = 34.93, p = 0.0001;
dominant shoulder: t (88) = 25.97, p = 0.0001]. The one-way
ANOVA did not reveal statistically significant differences in
CNV amplitudes between all four locations on which we
conducted measurements for both  supra-threshold
(F3,116: 0.391, p = 0761) and threshold (F3,116 = 0.018,
p = 0.997) levels of tactile stimuli.

Further analysis (Figure 2) demonstrated statistically
significant shorter RT recordings when CNVs were present
(non-dominant thenar: Fi2 = 78.853, p = 0.001; non-
dominant shoulder: Fi29 = 79.032, p = 0.001; dominant the-

Table 1

nar. Fix = 80575, p = 0.001; dominant shoulder:
F120=56.387, p = 0.001). Additionally, it was confirmed by
one-way ANOVA that the applied intensity of touch stimuli
significantly influenced the duration of RT recordings (non-
dominant thenar: F,g; = 30.83, p = 0.001; non-dominant
shoulder: F,g7 = 21.95, p = 0.001; dominant thenar:
F287=16.02, p = 0.001; dominant shoulder: F,g; = 19.51,
p =0.001). After post-hoc analysis, we found significantly
shorter RT recordings [non-dominant thenar: t (88) = 7.39,
p = 0.001; non-dominant shoulder: t (88) = 6.65, p = 0.001;
dominant thenar: t (88) = 5.51, p = 0.001; dominant shoul-
der: t (88) = 6.27, p = 0.001] during threshold and supra-
threshold levels of tactile stimulation compared to trials
when participants reported no sensation at all (Figure 3).

Values of stimulating tip displacement in micrometers (um)
for measuring baseline tactile thresholds

Location of measurement

Baseline tactile thresholds

Non-dominant thenar

8.7 + 16 (5-10)

Non-dominant shoulder 75.3 £17.5 (40-100)
Dominant thenar 8.3+1.7 (5-12)
Dominant shoulder 78 +20.1 (40-110)

Values are presented as mean + standard deviation and range.
ANOVA: p <0.05; t-test: p<0.05
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Fig. 2 — Relationship between CNV amplitude and RT before
peripheral sensory stimulation.
CNV - contingent negative variation; RT — reaction time.
Values are presented as mean + standard deviation; t-test: p < 0.05.
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Fig. 3 - RT recordings at different thresholds across all measurement locations.
RT - reaction time.
Values are presented as mean + standard deviation; t-test: p < 0.05;
post-hoc comparison for threshold and suprathreshold levels
versus infrathreshold stimuli, p = 0.001.
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® Before sensory stimulation (pm)
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40

® Before sensory stimulation (pm)

® After sensory stimulation (pum)

MNon-dominant shoulder

® After sensory stimulation (pum)

Dominant shoulder
75.3 78
43 45

Fig. 4 — Reduction in tactile thresholds following peripheral sensory stimulation.
Values are presented as mean + standard deviation; t-test: p < 0.01.

Determination of tactile thresholds after peripheral
sensory stimulation

Assessment of tactile thresholds after peripheral senso-
ry stimulation conducted over the non-dominant shoulder
showed changes on both shoulders in all 30 participants
(Figure 4).

When we compared the data before and after sensory
stimulation, we got a statistically significant decrease in tac-
tile thresholds in both non-dominant (Fi9 = 8.785,
p = 0.006) and dominant (F12 = 227.591, p = 0.001) shoul-
ders. In addition to that, there was no statistically significant
difference in the new tactile thresholds between both shoul-
ders (F120 = 1.812, p = 0.189). After peripheral sensory stim-
ulation, we evaluated the presence of new tactile thresholds
on both shoulders with recordings of CNV traces and RT
values. CNV waves were present for all 30 participants, with
varying amplitudes. The analysis of the relationship between
generated CNV traces and RT values showed results compara-
ble to those obtained before sensory stimulation. Whenever
participants generated CNV traces of any amplitude, their RT
values were significantly shorter [non-dominant shoulder: t
(29) = 7.34, p = 0.001; dominant shoulder: t (29) = 5.98,
p = 0.001].

Discussion

This study investigated the probability of tactile thresh-
old changes after short-term peripheral sensory stimulation
of skin mechanoreceptors.

Tactile thresholds decrease on the stimulated shoulders

Studies have shown that the processing of sensory in-
puts is not hard-wired but adapts to sensory experience. The
adult cortex demonstrates reduced reorganization potential
than during its developmental period, but still preserves the
capacity for significant neuroplasticity ** 2. In addition to
studies describing peripheral deafferentation as a model for

investigating neural reorganization, experience-dependent
neuroplasticity, and perceptual learning have emerged as fre-
quently used paradigms for studying somatosensory changes
at multiple levels 2%, Likewise, our study demonstrated a rap-
id and statistically significant change in somatosensory sys-
tem processing after short-term sensory enrichment conduct-
ed at the exact location. The threshold of light touch changed
from an average of 75.3 um to 43 um, a significant decrease
of 32.3 um on average over the area of stimulation. Other
studies examining peripheral tactile stimulation in amputees
have reported comparable changes, as seen in the publication
by Dhillon et al. 2, where sensory input was presented to
long-term upper limb amputees for only a short period (< 75
min throughout the study), resulting in enhanced sensory
perception. That finding supported the view that the organi-
zation of the human brain is use-dependent and constantly
adapting to demands and experiences.

The role of attentional engagement and behavioral rele-
vance in sensory processing has been explored in studies on
passive tactile co-activation, among others, some of which
have yielded unexpected results. Ziemus et al. 2° investigated
changes in the Sl representation of the four fingers following
a 40-min passive tactile co-activation task. Their results indi-
cated a convergence of median and ulnar nerve cortical rep-
resentations, implying that the cortical boundaries between
activated regions moved closer together. However, they
found no significant improvements in tactile perception,
which they explained by the short duration of stimuli or lack
of behavioral relevance in their experiment (subjects did not
have to pay attention to the stimulation). On the contrary,
Godde et al. > applied a co-activation task for three hrs,
which was restricted to the tip of the right index finger, al-
lowing simultaneous stimulation of all overlapping receptive
fields. Even though participants in this study did not have to
pay attention to stimulation, they found that several hrs of
tactile co-activation protocol could improve perceptual per-
formance. In this case, we might speculate that evident per-
ceptual changes had occurred due to much longer tactile co-
activation, which was focused on a single location with over-
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lapping receptive field areas. Interestingly, the overall dura-
tion of peripheral stimulation in our setting lasted no more
than 45 min. It was constantly delivered over the same recep-
tive field on the shoulder area without co-activation. Com-
pared to the most frequently used stimulation protocols %,
this duration of stimuli over the same receptive field, com-
bined with behavioral-relevant study tasks, was sufficient to
generate quick, adaptive changes in the somatosensory sys-
tem in our experiment. For our study, the behavioral rele-
vance of tactile peripheral stimulation was included in the
Go/NoGo RT paradigm with dissimilar visual stimuli. The
role of attention in cortex remodeling was clearly de-
scribed %, We asked participants to remain attentive during
the experiment and to focus on the tactile stimuli, which var-
ied from supra- to sub-threshold intensities throughout the
sensory enrichment we provided. Tactile stimulation served
as a sensory preconditioning 2, combined with a goal-
directed assignment in the Go/NoGo paradigm. Sensory pre-
conditioning in this complex task was objectively confirmed
by recordings of CNV, which reflects a tonic modulation of
the EEG signal in the preparatory period between a warning
signal (light touch, in our study) followed by a predictable
and known interval before an imperative stimulus (visual
stimulus, in our research) that cues an RT response ¢, We
recorded a well-defined CNV where participants reported 6
to 8 perceived light touch stimuli in 12 repetitions, correlat-
ing with previously described data 6.

However, we did not register a significant difference
between the CNV amplitudes before and after peripheral
sensory training for both non-dominant and dominant shoul-
ders. This implies that the intensity-response curve was not
present in our CNV recordings. That was the expected result,
which did not exclude the fact that whenever our participants
felt light touch stimulation, they generated a CNV wave. In
addition, we registered RT values that were functionally in-
terconnected with CNV recordings, which served as another
confirmation of light touch perception. Participants had fast-
er RTs in the Go/NoGo paradigm task whenever they felt the
tactile stimulation, compared with trials when the subjective
perception of light touch was absent. In addition, we regis-
tered that whenever participants displayed an increased CNV
amplitude, shorter RT was observed in that trial, but that cor-
relation did not reach statistical significance. These findings
suggest that participants were better prepared for the upcom-
ing visual stimulus and motor response when tactile percep-
tion was heightened, demonstrating that a warning stimulus
enhances response preparation and reduces RT, further rein-
forcing the functional interplay between tactile perception,
attentional engagement, and motor response readiness.

Tactile thresholds decrease on opposite (non-
stimulated) shoulders

It is well established that sensory input from one limb
primarily modulates the contralateral Sl, which represents
the stimulated limb. However, reports during the last two
decades showed that tactile information from the periphery
reaches Sl in both hemispheres -0 and that alteration of
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sensory input may influence the excitability of the ipsilateral
somatosensory cortex as well 2°-%L, Interhemispheric transfer
of tactile information is particularly important in higher pri-
mates and humans. The cortical regions of bilateral hand and
arm representations integrate somesthetic input during the
bimanual and cooperative exploration and discrimination of
tactile features *2. The idea that the Sl receives input from the
ipsilateral hand initially came from Tamura * several dec-
ades ago. That hypothesis led to many behavioral, electro-
myographic, transcranial magnetic stimulation (TMS), and
functional magnetic resonance imaging studies, which ad-
dressed the similar question of anatomical connection and
transfer of information between homotopic cortical and sub-
cortical areas 2> % %, Qur study examined whether unilateral
short-term stimulation of a proximal upper limb area would
also enhance sensitivity in the homotopic region of the con-
tralateral upper extremity. We applied a quantitative psycho-
physiological approach, incorporating cortical anticipation
measures as an indirect indicator, in which, after the short-
term peripheral sensory stimulation over the lateral surface
of the shoulder, we observed equal changes in the contrala-
teral, symmetrically opposite location. Statistical analysis
showed almost no difference in the new touch thresholds, 45
pm and 43 pm, for the dominant/stimulated and nondomi-
nant/non-stimulated shoulders, respectively. This finding in-
directly supports interhemispheric interactions after relative-
ly short peripheral stimulation. Previous studies by Frank et
al. * and Frank * supported the existence of interhemispher-
ic interactions between symmetrically opposite body surface
areas, which are somatotopically organized, and confirmed
that tactile learning in humans is topographically distribut-
ed 7343 These crossed interactions between limbs are likely
mediated, at least partially, by the fibers of the corpus callo-
sum ¥ ¥ Highlighting the significance of transcallosal
pathways in influencing the functional state of the ipsilateral
Sl, studies showed that applying TMS to the parietal cortex
on the same side as the stimuli led to heightened tactile sen-
sitivity. It was suggested that this effect was due to TMS in-
terfering with typical interhemispheric inhibition, a mecha-
nism that suppresses mirror movements in the passive limb
during one-handed tasks *°. The functional significance of
interhemispheric inhibition deactivation is reflected in eve-
ryday activities when individuals depend on sensory input
from the fingers of one hand to recognize various textures.
During unimanual exploration, the texture typically affects
all fingers of that hand similarly. However, in tasks involv-
ing bimanual manipulation, each hand may receive distinct
sensory information 8. Besides the proposed transcallosal
connections, other points along the ascending and descend-
ing pathways, including subcortical structures and segmental
networks, may be implicated in the functional coupling be-
tween the upper limbs 4,

Indeed, understanding the mechanisms and time refer-
ence of afferent tactile information processing through the
cortical and subcortical networks of the somatosensory sys-
tem is of great interest. The review by Chipchase et al. 5 on
peripheral electric stimulation and the induction of cortical
plasticity mentioned several possible mechanisms that are
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thought to underlie rapid plastic changes in the somatosenso-
ry cortex. These include the unmasking of latent horizontal
connections, activation of silent synapses, modulation of ac-
tivity-dependent synaptic plasticity, and generalized changes
in the excitability of postsynaptic neurons. Another review #
of tactile stimulation interventions reported that the transfer
of plastic changes relies on the overlap of receptive fields
and their cortical representations. Only if such an overlap is
given among body parts can stimulation-induced effects
spread between them.

In our study, the focused attention of all subjects could
have represented an important additional factor for the short-
term modulation within somatosensory system processing.
Diminutive modifications of brain circuits and slight changes
in synaptic strength across many neurons can be challenging
to identify and measure. The contingent negative variation
reveals sensorimotor integrative and preparatory processes,
representing a long-latency, slow, and negative potential
shift with cognitive and motor components L. It is present
during response anticipation and was termed “expectancy
wave” when it was first described by Walter et al. . The
CNV wave serves as an index of cortical arousal during ori-
enting and attention and is related to higher mental functions
involved in processing incoming sensory input Y7, with high
CNV amplitude indicating a high attentional state of a sub-
ject 2. In addition, for the assessment of volitional inhibition
or activation in neurophysiological studies, a Go/NoGo RT
task has been frequently used ** “4. A Go/NoGo decision task
model is based on the time required for a subject to respond
and make a specific motor action to one class of stimuli (also
known as the Go response) or to withhold from responding
(the NoGo response) to a different stimulus type (decision of
pressing a key for one stimulus while not pressing it for an-
other stimulus). A study by Kropp et al. 1’ showed that the
negativity of the early CNV wave increased with decreasing
RT, indicating that higher attentional involvement correlated
with faster RT.

We might speculate that the influence of attention (top-
down control) on the somatosensory system may involve gat-
ing and enhancing properties, depending on the task difficul-
ty or the stimulus nature. Moreover, studies on animals and
human subjects confirmed the existence of neurons in the
postcentral gyrus with bilateral receptive fields in distal
(hands) as well as in proximal parts of the body (upper arm,
trunk), which might play a significant role in the somatotopic
transfer of perceptual learning 7 * %, Harrar et al. ” demon-
strated that the generalization of tactile perceptual learning in
hands was topographic, and the transfer was complete; topo-
graphically related fingers showed the same magnitude of
improvement as the trained finger. Most importantly, inves-
tigations on human subjects * and experimental animals 4

confirmed that ipsilateral input can modify the Sl and SII re-
sponse to a subsequent contralateral stimulus.

The differences in communication between cerebral
hemispheres and the spinal cord for proximal and distal mus-
cle groups are well-documented . Still, the similar effects of
proximal limb somatosensory homologous transfer and its
effect on bilateral communication, along with behavioral
significance, have gained less attention. Aune et al. * inves-
tigated the hypothesis that bilateral learning transfer should
be larger for proximal than for distal homologous effector
muscles. They included 28 participants in three groups: train-
ing proximal effectors, training distal effectors, and a no-
training control group. They found that both training groups
showed similar improvements; however, the proximal train-
ing group exhibited greater transfer of learning than the dis-
tal one. Therefore, they concluded their hypothesis of a prox-
imal-distal gradient in bilateral learning transfer between
homologous effectors, suggesting that proximity to the body
core may influence the extent of this communication. Simi-
larly, our findings might raise the possibility that afferent
signals from the repetitive shoulder stimulation modulated
the response of the SI/SII upper arm region ipsilateral to tac-
tile stimuli.

Without a doubt, more detailed studies are needed to
elucidate this interesting question and offer further perspec-
tives on how interhemispheric communication differs be-
tween proximal and distal limb somatosensory areas and how
these differences might influence the transfer of learning.

Conclusion

Our results indicate that short-term unilateral peripheral
stimulation leads to equivalent reductions in tactile thresh-
olds on both shoulders. These findings provide indirect evi-
dence for interhemispheric transfer of simple tactile stimuli,
aligning with the somatotopic organization of somatosensory
processing.
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Abstract

Background/Aim. Risk minimization measures (RMMs)
for medicines are one of the most important interventions
in maintaining a positive benefit—risk ratio and ensuring
their safe use. Systemic formulations of diclofenac are
medicines with routine and additional RMMs in place for
its well-established cardiovascular (CV) safety risk. In
2021, an innovative digital tool (IDT) was implemented in
the Montenegrin Information System of Primary Health
Care (PHCIS). The aim of this study was to analyze diclo-
fenac consumption in CV risk patients who did not use di-
clofenac before the introduction of this new IDT for
RMM (diclofenac-naive patients), taking into account their
demographic (gender and age) and clinical characteristics
[CV diseases (CVD)/risk factors of CVD]. Methods. Pa-
dents with CVD/diseases posing a risk for CVD devel-
opment (conditions that are contraindications/precautions
for prescribing diclofenac) were selected after an automat-
ed screening of all diagnoses, classified in accordance with
the International Classification of Diseases, 10™ revision,
from their electronic medical records. These patients also
had medical diagnoses that served as indications for pre-
scribing nonsteroidal anti-inflammatory drugs such as di-
clofenac. These patients were monitored for a period of
one year after the introduction of the IDT (October 4,
2021 — October 4, 2022). Diclofenac consumption was an-
alyzed using the standard methodology of the World
Health Otganization based on daily defined doses/1,000

Apstrakt

Uvod/Cilj. Mere za minimizaciju rizika (risk minimization
measures — RMMs) za lekove su jedna od najvaznijih

inhabitants/day and the Anatomical Therapeutic Chemical
classification of medicines, as well as the total number of
prescriptions and prescribed packages of the drug, taking
into account their gender, age, and high-risk CV diagno-
ses. Results. It was shown that diclofenac was prescribed
more frequently to women and patients aged 45-64. Re-
garding medical diagnoses that are contraindica-
tions/precautions for diclofenac use, the drug was most
often prescribed to patients with ischemic heart disease
(38.15%) and hypertension (71.00%). Following the intro-
duction of the drug into therapy, there was an increase in
the number of patients with diagnoses (CVD) that are
contraindications for diclofenac use. The largest increases
were recorded in patients with diseases of arteries, small
arteries and capillaries (41.77%), and congestive heart fail-
ure (28.57%). Conclusion. After the introduction of the
IDT as a new RMM for adverse CV effects of diclofenac
into the Montenegrin PHCIS, the drug was most frequent-
ly prescribed to female diclofenac-naive patients, individu-
als aged 45—64 years, and those with high-risk CV diagno-
ses that required precautions for its use. The use of diclo-
fenac led to an increase in the number of patients with
CVD, indicating the need to introduce new measures to
reduce the risk of its adverse CV effects.

Key words:

cardiovascular diseases; delivery of health care;
diclofenac; drug prescriptions; drug utilization;
montenegro; pharmacovigilance.

intervencija u odrzavanju pozitivnog odnosa korist—rizik i
omogucavanju njihove bezbedne upotrebe. Sistemske
formulacije diklofenaka su lekovi sa rutinskim i dodatnim
RMMs zbog njihovog dobro utvrdenog kardiovaskularnog
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(KV) bezbednosnog rizika. U crnogorski Informacioni
sistem primarne zdravstvene zaStite je 2021. godine
implementirana inovativna digitalna alatka (IDA). Cilj rada
bio je da se analizira potrosnja diklofenaka kod bolesnika sa
KV rizikom koji nisu koristili diklofenak pre uvodenja nove
IDA za RMM (diclofenac-naive bolesnici) uzimajuéi u obzir
njihove demografske (pol i starost) i klinicke karakteristike
[KV bolesti (KVB)/faktoti rizika od KVB]. Metode.
Oboleli od KVB/bolesti koje predstavljaju rizik od razvoja
KVB (stanja koje su kontraindikacije/stanja koja zahtevaju
mere predostroznosti za propisivanje diklofenaka) odabrani
su nakon automatizovanog skrininga svih dijagnoza,
klasifikovanih u skladu sa Medunarodnom Kklasifikacijom
bolesti, 10. revizija, iz njihove elektronske medicinske
dokumentacije. Ovi bolesnici imali su i medicinske
dijagnoze koje su bile indikacije za propisivanje nesteroidnih
antizapaljenskih lekova kao $to je diklofenak. Bolesnici su
praceni u periodu od godinu dana nakon uvodenja IDA (4.
oktobar 2021 — 4. oktobar 2022). Potrosnja diklofenaka
analizirana je po standardnoj metodologiji Svetske
zdravstvene organizacije na osnovu broja definisanih
dnevnih doza na 1 000 stanovnika dnevno i Anatomsko
terapijsko-hemijske klasifikacije lekova, kao i ukupnog broja
recepata i propisanih pakovanja leka, uzimajuci u obzir pol,
godine Zivota i dijagnoze bolesnika sa visokim KV rizikom.
Rezultati. Pokazano je da se diklofenak cesée propisivao

zenama i bolesnicima starosti 45-64 godina. Kada je re¢ o
medicinskim  dijagnozama koje su kontraindikacije/
zahtevaju mere predostroznosti za primenu diklofenaka, lek
je najces¢e bio propisivan bolesnicima sa ishemijskom
boles¢u srca (38,15%), odnosno hipertenzijom (71,00%).
Nakon uvodenja leka u terapiju povecao se broj bolesnika sa
dijagnozama (KVB) koje su kontraindikacije za primenu
diklofenaka. Najveéi porast zabelezen je kod bolesnika sa
bolestima arterija, malih arterija i kapilara (41,77%) i
kongestivnom  sr¢anom  insuficijencijom  (28,57%).
Zakljucak. Nakon uvodenja IDA kao nove RMM od
nezeljenih KV efekata diklofenaka u Informacioni sistem
primarne zdravstvene zastite Crne Gore, kod bolesnika sa
bezbednosno rizicnim KV dijagnozama koji ga ranije nisu
primali, lek se najceSe propisivao  diclofenac-naive
bolesnicama, osobama starosti 45-64 godine i onima koji su
imali dijagnoze koje su zahtevale mere opreza prilikom
njegove upotrebe. Upotreba diklofenaka dovela je do
povecanja broja bolesnika sa KVB §to ukazuje na potrebu
uvodenja novih mera za smanjenje rizika od njegovih
stetnih KV efekata.

Kljucne reci:

kardiovaskularne bolesti; primarno zdravstveno
zbrinjavanje; diklofenak; lekovi, propisivanje; lekovi,
koris¢enje; crna gora; farmakovigilanca.

Introduction

The risk management system in pharmacovigilance (PV)
includes PV activities and risk minimization intervention with
the ultimate goal of identifying, characterizing, preventing, or
minimizing the risk of medicines use, including the evalua-
tion of their effectiveness and impact in clinical practice. The
implementation of risk minimization measures (RMMs) poses
a great challenge for all stakeholders in the PV system 1.
RMMs consist of two components: RMM message and RMM
tool. An RMM message is the key information about the risk
and the actions intended to be taken by the healthcare profes-
sional (HCP) or the patient for minimizing the risk. An RMM
tool is a tool used to disseminate RMM messages and to sup-
port or monitor adherence to the intended risk-minimization
actions. It can belong to either the category of routine or addi-
tional RMM tools 2. The medicines regulation in Montenegro
(MNE) 3, like that in the European Union (EU), lays down the
assessment of RMMs’ effectiveness in clinical practice, as
mandatory for marketing authorization holders and regulatory
authorities 7. One example is the assessment of the impact
of imposed restrictions on the use of certain medicines on
their further prescriptions and consumption ”. There are a few
examples of assessing the influence of PV intervention on pa-
tient-relevant health outcomes, which play a key role in the
PV system that makes a difference to patients 8.

Systemic formulations of diclofenac (hereinafter: diclo-
fenac) are one of the examples of medicines with routine and
additional RMMs in place for its identified, well-established
cardiovascular (CV) safety risk. These RMMs have been le-
gally binding in the EU since 2013 *!, and were approved by

the Institute for Medicines and Medical Devices (CINMED)
of MNE in 2015. The routine RMMs referred to the changes
in the diclofenac reference information (summary of product
characteristics and the patient information leaflet). These
changes mostly affected the safety sections in these docu-
ments (contraindications and precautions/warnings). Howev-
er, the sections related to posology and route of administra-
tion were also modified, with new recommendations on max-
imum daily dose and duration of its use. Namely, established
congestive heart failure, ischemic heart disease, peripheral ar-
terial disease, and cerebrovascular diseases were introduced
as new contraindications for prescribing diclofenac, while hy-
pertension, hyperlipidaemia, and diabetes mellitus, which are
risk factors for CV diseases (CVD), were introduced as new
precautions/warnings for its prescribing. Besides routine
measures, additional RMMs were introduced with the aim to
proactively and timely inform relevant HCPs about the new
CV safety restrictions for diclofenac use, through an official
Dear Healthcare Professional Communication. This commu-
nication was disseminated to HCPs by CInMED and all mar-
keting authorization holders for diclofenac via various tradi-
tional channels: post, e-mail, in person, and publication on
CInMED web pages 12 13,

Unfortunately, the implemented routine and additional
measures to minimize the risk of adverse CV effects of diclo-
fenac did not give the expected result. In the research that
covered the period from 2016 to 2020, it was shown that di-
clofenac was still widely prescribed and that even 15-24% of
outpatients who were prescribed diclofenac belong to the risk
groups of patients with CVD or diseases that represent a high
risk of CVD occurrence .
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PV guidelines, relevant for RMMs, for the first time
emphasize the possibility of using different digital tools in
order to improve the effectiveness and impact of RMMs in
clinical practice, as an additional method to the existing, tra-
ditional ones 2. Based on the CINMED initiative, for the pur-
pose of better impact of RMMs for diclofenac in clinical
practice, an innovative digital tool (IDT) was implemented in
the Primary Health Care (PHC) Information System -
PHCIS. It was introduced at the level of diclofenac prescrib-
ing on October 4, 2021. Before the implementation of IDT in
PHCIS, HCPs from PHC institutions, as prescribers of diclo-
fenac, were educated about the functionality and purpose of
this new, innovative means of RMMs dissemination. Educa-
tion was organized by CINMED and included educational
material and a practical demonstration of IDT.

RMMs for reducing CV risk of diclofenac remained
unchanged, but a new RMM tool was introduced as a means
of disseminating RMM messages.

This new digital tool for reducing the risk of adverse
CV effects of diclofenac is based on the introduction of rele-
vant safety data of this drug contained in its summary of
product characteristics, into the PHCIS. These data appeared
as warning messages on physicians’ computer screens at the
moment of their intention to prescribe diclofenac on an elec-
tronic prescription to patients with contraindications or warn-
ings/precautions for its use. Based on the text of those warn-
ing messages, physicians were alerted of their adverse CV
effects/contraindications and precautions.

Accordingly, it was expected that this IDT would lead
to a greater decrease in diclofenac consumption, especially
among high-risk groups of patients, and thus better preven-
tion of its adverse CV effects. However, the study we con-
ducted comparing the consumption of diclofenac in those pa-
tients one year before (October 4, 2020 — October 4, 2021)
and one year after the introduction of the IDT (October 4,
2021 — October 4, 2022) showed that, although in a smaller
extent, the drug continued to be prescribed even in patients
for whom its use was contraindicated. The study also showed
that the drug had been prescribed to patients with CVD/at
risk for CVD who had not received it before the introduction
of this new RMM (diclofenac-naive patients) *°

The aim of this study was to analyze in detail the con-
sumption and health outcomes of diclofenac use in a group
of patients who were diclofenac-naive, one year before IDT
implementation, but to whom diclofenac was prescribed in
the year following IDT implementation (new diclofenac us-
ers).

Methods

This study was a continuation of previous research, the
results of which have already been published, where the
method of patient selection was described in detail *°. Brief-
ly, new diclofenac users were selected after automated
screening of all diagnoses in their electronic medical records,
classified according to the International Classification of
Diseases, 10" revision (ICD-10) ¢, to detect those with CVD
or diseases that increase the risk of developing CVD (a list of
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ICD diagnoses relevant for the study is given in the Supple-
ment). These patients also had medical diagnoses that indi-
cated the need for prescribing nonsteroidal anti-inflammatory
drugs (NSAIDs), such as diclofenac, but had not received the
drug in the year prior to the introduction of the IDT (October
4, 2020 — October 4, 2021), which served as a new tool for
RMM dissemination.

The patients were monitored for a period of one year af-
ter the introduction of the IDT (October 4, 2021 — October 4,
2022). Diclofenac consumption in patients was analyzed us-
ing the standard methodology of the World Health Organiza-
tion based on defined daily doses/1,000 inhabitants/day and
Anatomical Therapeutic Chemical classification of medi-
cines Y7, as well as through the total number of prescriptions
and prescribed drug packages. Analysis was performed re-
garding the gender and age of the patients. We also analyzed
diclofenac prescribing in new diclofenac users in relation to
their CV diagnoses. Health outcomes in these patients were
evaluated based on changes in their CV diagnoses during the
year following the start of diclofenac use.

The Health Insurance Fund of MNE gave permission
for using patient medical data from PHCIS (No. 04-2294,
from June 4, 2020). The data of the patients were anony-
mous.

Statistical analysis

The statistical computer program IBM SPSS version
26.0 was used for statistical data processing. The data are
presented in the form of absolute and relative values. Signifi-
cant differences between groups were tested using the Mann-
Whitney U test and the Kruskal-Wallis test. Results obtained
were considered statistically significant at the level of p <
0.05.

Results

Diclofenac consumption in patients with CVD or risks
for CVD, who were new diclofenac users in the time period
of one year after implementation of the IDT, is given in Ta-
ble 1. It was shown that the consumption of diclofenac was
higher in women compared to men and was the highest in the
youngest age group observed (45-64 years) (Table 1).

Specific comorbidities of the patients in this analysis
were medical diagnoses (in the Supplement of this article),
which are contraindications and precautions/warnings for
prescribing diclofenac. Considering contraindications, diclo-
fenac was most commonly prescribed to patients with is-
chemic heart diseases (i.e., angina pectoris, infarct myocar-
di), other heart diseases (i.e., cardiomyopathy), and cerebro-
vascular diseases (i.e., hemorraghia, infarctus cerebri, apo-
plexia cerebri). Considering the precautions/warnings for its
prescribing, diclofenac was most commonly prescribed to
patients with hypertension. In most cases, the drug was more
often prescribed to female patients (Table 2) and those
younger than 75 years (Table 3). Exceptionally, the drug was
most frequently prescribed to the oldest patients (> 75) who
had congestive heart disease and other CVD (Table 3).
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Table 1
Consumption of diclofenac in new diclofenac users
with CVD/risks for CVD who were prescribed diclofenac, by gender and age
Grou Age, years
Consumption P p* ge.y p**
total male female 45-64 65-74 >75

DDD/1,000 2.36 0.94 1.42 0.067 1.02 0.82 051  <0.001

inhabitants/day

Number of 20,361 8,080 12,281 0.119 9,008 7,033 4320  <0.001

prescriptions

Number of packages 24,401 9,727 14,674 0.056 10,603 8,472 5,326 <0.001

CVD - cardiovascular diseases; DDD — daily defined dose.
All values are given as numbers.

* — Mann-Whitney U test was used; ** — Kruskal-Wallis test was used.

Table 2

Number of new diclofenac users with CVD/risk for CVD who were prescribed diclofenac, by gender

Conditions Group Number of patients
Contraindications
total 28
congestive heart failure male 16
female 12
total 460
ischemic heart diseases male 235
female 225
total 277
other heart diseases male 130
female 147
total 158
diseases of arteries, small arteries and capillaries male 84
female 74
total 211
cerebrovascular diseases male 94
female 117
. .. . total 39
diseases of the heart of pulmonary origin and diseases male 15
of the blood vessels of the lungs female 24
Precautions
total 5,916
hypertension male 2,258
female 3,658
total 701
hyperlipidemia male 253
female 448
total 1,510
diabetes mellitus male 743
female 767

CVD - cardiovascular diseases.

Analysis of the number of new diclofenac users with
CVD, which contraindicates its use, showed an increase
during the year after the drug was introduced into their
therapy. The greatest increase was recorded in the num-
ber of patients with diseases of arteries, small arteries
and capillaries (41.77%), and congestive heart failure

(28.57%), then in the number of patients with cerebro-
vascular diseases (12.80%) and ischemic heart diseases
(10.65%), and the least in the number of patients with
diseases of the heart of pulmonary origin and diseases of
blood vessels of the lungs (5.13%) and other heart dis-
eases (3.25%) (Table 4).
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Table 3
Number of new diclofenac users with CVD/risk for CVD who were prescribed diclofenac, by age
Conditions Age, years Number of patients Total patients
Contraindications
45-64 5
congestive heart failure 65-74 7 28
>175 16
45-64 196 460
ischemic heart diseases 65-74 166
>175 98
45-64 37
other heart diseases 65-74 86 277
>75 154
45-64 64
diseases of arteries, small arteries and capillaries 65-74 65 158
>75 29
45-64 81
cerebrovascular diseases 65-74 73 211
>75 57
diseases of the heart of pulmonary origin and diseases 45-64 18
65-74 14 39
of the blood vessels of the lungs
>75 7
Precautions
45-64 2,648
hypertension 65-74 2,043 5,916
>175 1,225
45-64 442
hyperlipidemia 65-74 198 701
>175 61
45-64 623
diabetes mellitus 65-74 597 1,510
>75 290

CVD - cardiovascular diseases.

Table 4

Number of new diclofenac users with cardiovascular diseases
(for which diclofenac use is contraindicated) before and after introducing the drug into their therapy

Number of patients

Change in number

Diagnoses before using diclofenac after using diclofenac of patients, (%)
Congestive heart failure 28 36 +28.57
Ischemic heart diseases 460 509 +10.65
Other heart diseases 277 286 +3.25
Dlsegses of arte_rles,'small 158 294 L4177
arteries and capillaries

Cerebrovascular diseases 211 238 +12.80
Diseases of the heart of

pulmonary origin and 39 a +513

diseases of the blood vessels
of the lungs

Discussion

The results of the impact study conducted earlier in
MNE 5 showed that the introduction of the IDT in the
PHCIS, as a new tool for RMM for diclofenac adverse CV
effects, made an impact in the cohort of patients with
CVDl/risk for CVD who were prescribed diclofenac one year
before the introduction of the IDT. The prescribing of diclo-
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fenac one year after the introduction of the IDT decreased by
38.79%, 37.62%, and 29.85% in patients with other heart
diseases (mostly cardiomyopathy), cerebrovascular diseases,
and ischemic heart diseases, respectively, which are contra-
indications for its prescribing. Diclofenac was less pre-
scribed, by 22.86%, 23.61%, and 26.32% in patients with
hypertension, hyperlipidemia, and diabetes mellitus, respec-
tively, which are warnings/precautions for prescribing the
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drug. It was also shown that, among new diclofenac users,
diclofenac was prescribed significantly less often compared
with patients who had received the drug before the introduc-
tion of the IDT.

In this study, diclofenac consumption in new diclofenac
users during the year following the introduction of the IDT in
the PHCIS was analyzed in more detail, taking into account
gender and age of these patients as well as their specific
comorbidities (medical diagnoses/diseases) that were sup-
posed to limit its use. Additionally, the impact of initiating
diclofenac therapy on these patients and CV morbidity was
assessed as an indicator of its potential adverse CV effects.

Our analysis revealed that diclofenac was more com-
monly prescribed to women than men, and it was most fre-
quently prescribed in the 45-64 age group, followed by the
65-74 age group, and least frequently in the > 75 age group.

Regarding CVD, which are contraindications for diclo-
fenac use, the drug was the most commonly prescribed in pa-
tients with ischemic heart disease (38.15%), other heart dis-
ease, mostly cardiomyopathy (21.44%), and cerebrovascular
diseases (17.84%). For diseases listed as precautions or
warnings, diclofenac was most often prescribed to patients
with hypertension (71.00%).

For CVD (contraindications), diclofenac was slightly
more frequently prescribed to men than women with diseases
of arteries, small arteries and capillaries, ischemic heart dis-
ease, and congestive heart failure. In contrast, for other dis-
eases, women received diclofenac more often than men. For
conditions listed under precautions/warnings, women had
higher prescription rates across all comorbidities (hyperten-
sion, hyperlipidemia, and diabetes mellitus). Regarding age
groups and CVD (contraindications) for prescribing diclo-
fenac, the drug was most commonly prescribed to patients
aged 45-64 with ischemic heart diseases, cerebrovascular
diseases, and diseases of the heart of pulmonary origin and
diseases of the blood vessels of the lungs, those aged 65-74
who had diseases of arteries, small arteries and capillaries,
and to patients aged > 75 who had congestive heart failure
and other heart diseases. Concerning all precau-
tions/warnings, the highest prescription rate was in the
youngest age group observed (45-64 years).

Other studies have also shown that drugs from the
NSAID group are most often prescribed to women and
younger people 1872,

In a non-interventional retrospective cohort study inves-
tigating patterns of use for selected NSAIDs, including diclo-
fenac, data were obtained from healthcare databases in the
United States of America (MarketScan) and the United
Kingdom (Clinical Practice Research Datalink — CPRD). The
aim was, among other issues, to describe the demographic
characteristics and specific comorbidities of patients who
were on NSAID therapy 8 °,

In both observed populations, the prevalence of use of
all selected NSAIDs was higher in women, compared to
men, in all age groups. For instance, in the MarketScan pop-
ulation of new diclofenac users, the proportion of women
was 55.2% and men 44.8%. In the CPRD population, this ra-
tio was 51.7% for women and 48.3% for men. Regarding the

specific type of comorbidity in patients taking diclofenac, in
the MarketScan population, the most common comorbidities
were circulatory disorders, followed by ischemic heart dis-
ease and cerebrovascular diseases.'®. The results were similar
in the CPRD population, as well *°,

Morales et al. % analyzed diclofenac prescribing prac-
tice in the period after the EU made the prescribing limita-
tions legally binding. Four countries were included: Den-
mark, the Netherlands, England, and Scotland. Results
showed that women were more often prescribed diclofenac
than men, and the decrease in prescribing the drug had the
strongest impact on the elderly population.

It can be assumed that the greater use of NSAIDs in
women is a consequence of the greater prevalence of rheu-
matic diseases and other painful conditions for which these
drugs are indicated in that gender 222,

Based on the results of our study, it can be concluded
that diclofenac was least prescribed to the oldest patients,
which is understandable considering that they represent an
extremely vulnerable group. Obviously, even physicians
who, despite warnings about the use of diclofenac, pre-
scribed the drug to such patients, keep these facts in mind
because they mostly prescribed it to patients in the youngest
age group observed. In addition, the results of our study
showed that diclofenac was almost seven times more pre-
scribed to patients with diagnoses that require caution in its
use than to patients with CVD in whom diclofenac should
not be used. This also leads to the conclusion that the intro-
duction of the IDT influenced HCPs to be more careful in
prescribing diclofenac to high-risk patient groups.

However, the fact that the drug was prescribed even to
patients for whom its use was contraindicated, and that the
number of CVD patients increased only one year after its in-
troduction in the treatment of new diclofenac users, is worry-
ing. This suggests that the RMMs undertaken in MNE in the
case of diclofenac are still insufficient and should be
strengthened. One of the solutions could be the improvement
of the existing IDT, as a new tool for RMM dissemination,
with data on the use of safer NSAIDs (e.g., naproxen and
ibuprofen) in the indications in which diclofenac is most of-
ten prescribed. Besides, one cycle of education of HCPs
from PHC that preceded the introduction of IDT in PHCIS
did not prove efficient in their adherence to the RMM for di-
clofenac. More intensive work on educating HCPs in PHC
about the safe use of diclofenac and other drugs is necessary.
Results of a study in Norway showed that an educational
program for HCPs in PHC on the rational prescribing of
NSAIDs aimed to promote the use of naproxen as the first
choice among NSAIDs. The message of the program was
that diclofenac should be avoided due to adverse CV effects,
which led to a significant decrease in diclofenac prescribing
immediately after the education. .,

The advantage of this study is that it included the entire
MNE primary healthcare system, where diclofenac is predom-
inantly used based on its “prescription-only” status. Addition-
ally, this is the first MNE study with the aim of measuring the
effectiveness of a digital regulatory intervention introduced at
the level of drug prescribing on patient health outcomes.
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The limitation of this study is certainly its short dura-
tion (one year), although there are data that the effects of un-
dertaken RMMs, as above-mentioned, are most pronounced
immediately after their introduction 2> 2. Besides, this re-
search started immediately after the new IDT was imple-
mented, while changes in healthcare, including changes in
HCPs behavior, need time to be understood and implemented
in clinical practice. According to the relevant Good Pharma-
covigilance Practice guideline, an initial evaluation of RMM
should be conducted within 12-24 months after regulatory
implementation, to allow the possibility of necessary changes
in healthcare. A comprehensive effectiveness evaluation
should follow within four years of implementation, which,
where applicable, can also inform the assessment for market-
ing authorization renewal. Therefore, it would be of utmost
interest to continue researching this problem. Moreover, di-
clofenac dispensing data were not used, and consequently,
there is a potential underestimation of real diclofenac use, as
prescription data were used to measure drug utilization. Ad-
ditionally, our research was conducted during the corona-

virus disease 2019 pandemic, which could also have influ-
enced the results obtained.

Conclusion

After the introduction of the innovative digital tool as a
new measure to reduce the risk of adverse cardiovascular ef-
fects of diclofenac into the PHCIS of Montenegro, the drug
was still prescribed to patients who had not received it be-
fore. Some of these patients had existing cardiovascular dis-
eases, making diclofenac contraindicated. Others could use
diclofenac, but with increased caution, because they had dis-
eases that increased the risk of developing cardiovascular
diseases. In these patients, diclofenac was most often pre-
scribed to women, people aged 45-64, and those with diag-
noses that required caution when using it. The increase in the
number of patients with cardiovascular diseases during one
year from the beginning of diclofenac use indicates that new
and/or improved digital interventions are needed for reduc-
ing its adverse cardiovascular effects.
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SUPPLEMENT - International Classification of Diseases 10" revision (ICD-10) diagnoses of
relevance for the study

ICD-10: 120

Diagnosis: Angina pectoris

ICD-10: 121

Diagnosis: Infarctus myocardii acutus

ICD-10: 122

Dijagnosis: Infarctus myocardii recidivus acutus
ICD-10: 123

Diagnosis: Complicatio acuta post infarctum cordis acutum
ICD-10: 124

Diagnosis: Morbi cordis ishaemici acuti alli
ICD-10: 125

Diagnosis: Morbus cordis ischaemicus chronicus
ICD-10: 126

Diagnosis: Embolia pulmonis

ICD-10: 127

Diagnosis: Morbi cordis pulmonales alii
ICD-10: 128

Diagnosis: Morbi vasorum pulmonis alii
ICD-10: 142

Diagnosis: Cardiomyopathia

ICD-10: 143

Diagnosis: Cardiomyopathia in morbis aliis
ICD-10: 150

Diagnosis: Insufficientia cordis

ICD-10: 160

Diagnosis: Haemorrhagia subarachnoidalis
ICD-10: 161

Diagnosis: Haemorrhagia cerebri

ICD-10: 162

Diagnosis: Haemorrhagia intracranialis non traumatica, alia
ICD-10: 163

Diagnosis: Infarctus cerebri

ICD-10: 164

Diagnosis: Apoplexia cerebri et haemorrhagia sive infarctus non specificata
ICD-10: 165

Diagnosis: Occlusio arteriae praecerebralis et stenosis arteriae praecerebralis sine
infarctus cerebri

ICD-10: 166

Diagnosis: Occlusio arteriae cerebri et stenosis arteriae cerebri sine infarctu
ICD-10: 167

Diagnosis: Morbi cerebrovasculares alli

ICD-10: 168

Diagnosis: Morbi cerebrovasculares in morbis aliis
ICD-10: 169

Diagnosis: Sequelae morbi cerebrovascularis

ICD-10: 170

Diagnosis: Atherosclerosis

ICD-10: 171

Diagnosis: Aneurysma aortae et dissectio aortae
ICD-10: 172

Diagnosis: Aneurysmata alia

ICD-10: 173

Diagnosis: Morbi vasorum periphericorum alii
ICD-10: 174

Diagnosis: Embolia ateriarum et thrombosis arteriarum
ICD-10: 177

Diagnosis: Morbi arteriales et arteriolares alli

ICD-10: 179

Diagnosis: Morbi arteriales, arteriolares et capillares in morbis aliis
ICD-10: 110

Diagnosis: Hypertensio arterialis essentialis (primaria)
ICD-10: 111

Diagnosis: Morbus cordis hypertensivus
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ICD-10: 112

Diagnosis: Morbus renalis hypertensivus

ICD-10: 113

Diagnosis: Morbus cordis et morbus renis hypertensivus
ICD-10: 115

Diagnosis: Hypertensio arterialis, secundaria
ICD-10: E10

Diagnosis: Diabetes mellitus ab insulino dependens
ICD-10: E11

Diagnosis: Diabetes mellitus ad insulino independens
ICD-10: E12

Diagnosis: Diabetes mellitus malnutritionalis
ICD-10: E13

Diagnosis: Diabetes mellitus alius, specificatus
ICD-10: E14

Diagnosis: Diabetes mellitus, non specificatus
ICD-10: E78

Diagnosis: Disordines metabolismi lipoproteiniet lipidaemiae alii
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Comparison of endovascular microwave ablation and traditional vein
stripping for lower extremities varicose veins: a retrospective study

Poredenje endovaskularne mikrotalasne ablacije i tradicionalnog uklanjanja
vena kod varikoznih vena donjih ekstremiteta: retrospektivna studija
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Surgery, "Department of Thyroid and Breast Surgery, Hangzhou, Zhejiang, China

Abstract

Background/Aim. Varicose veins typically occur in the
superficial veins of the lower extremities and are a
significant manifestation of chronic venous disease.
Patients’ symptoms may vary depending on the
pathogenesis, location, and severity of chronic venous
disease. The aim of this study was to examine the efficacy
of endovascular microwave ablation (EMA) and
conventional high ligation with saphenous vein stripping in
managing lower extremity varicose veins. Methods. This
retrospective study included 100 patients diagnosed with
unilateral varicose veins of the lower extremity. Of these,
50 underwent ultrasound-guided EMA (EMA group), and
50 received traditional vein stripping (traditional group).
We assessed and compared operative duration, blood loss
during surgery, number of incisions, hospital stay length,
and postoperative complications across both groups.
Additionally, the Venous Clinical Severity Score (VCSS)
and Aberdeen Varicose Vein Questionnaire (AVVQ) were
evaluated at 6 and 12 months postoperatively to determine

Apstrakt

Uvod/Cilj. Varikozne vene se obi¢no javljaju u
povrsinskim venama donjih ekstremiteta i predstavljaju
znacajnu  manifestaciju  hroni¢ne venske  bolesti.
Simptomi kod bolesnika mogu se razlikovati u zavisnosti
od patogeneze, lokacije 1 stepena hroni¢ne venske
bolesti. Cilj rada bio je da se ispita efikasnost
endovaskularne  mikrotalasne  ablacije (EMA) i
konvencionalne visoke ligacije sa uklanjanjem vene
safene u lecenju varikoznih vena donjih ekstremiteta.
Metode. Ova retrospektivna studija obuhvatila je 100
bolesnika sa dijagnozom unilateralnih varikoznih vena

donjih ekstremiteta. Od toga, 50 je podvrgnuto
ultrazvu¢no-vodenoj EMA (EMA grupa), a 50 je
podvrgnuto tradicionalnom uklanjanju vena

treatment effectiveness. Results. All procedures were
completed in the 100 cases. The EMA group had
considerably reduced operating durations, less blood loss,
fewer incisions, and abbreviated hospital stays relative to
the traditional group (p < 0.05). Differences in
subcutaneous bruising, hematoma formation, and skin
burns across the groups were statistically significant
(p < 0.05), while differences in local sensory changes and
incision infection were not (p > 0.05). The preoperative
and postoperative groups showed no substantial difference
in VCSS and AVVQ scores (p > 0.05). However, both
VCSS and AVVQ scores improved at 6 and 12 months
post-surgery (p < 0.05). Conclusion. Clinical evaluation
indicates that EMA’s effectiveness is comparable to
traditional vein stripping in treating lower extremity
varicose veins. EMA also presents safety advantages,
suggesting its broader adoption in clinical settings.

Key words:
ablation techniques; ligation; lower extremity;
saphenous vein; treatment outcome; varicose veins.

(tradicionalna grupa). Procenjivano je i uporedivano
trajanje operacije, gubitak krvi tokom operacije, broj
rezova, duzina boravka u bolnici i postoperativne
komplikacije u obe grupe. Pored toga, Venous Clinical
Severity Score (NCSS) 1 Aberdeen 1V aricose Vein Questionnaire
(AVVQ) procenjivani su 6 i 12 meseci nakon operacije
kako bi se utvrdila efikasnost lecenja. Rezultati. Sve
procedure su uspesno zavrsene kod svih 100 slucajeva.
EMA grupa imala je znacajno krade trajanje operacije,
manji gubitak krvi, manje rezova i krac¢i boravak u bolnici
u odnosu na tradicionalnu grupu (p < 0,05). Razlike u
potkoznim  modricama, formiranju hematoma i
opekotinama koze medu grupama bile su statisticki
znacajne (p < 0,05), dok razlike u lokalnim senzitivnim
promenama i infekciji reza nisu bile statisticki znacajne
(p > 0,05). Preoperativne i postoperativne grupe nisu
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pokazale znacajnu razliku u skorovima VCSS i AVVQ
(> 0,05). Medutim, i VCSS 1 AVVQ rezultati su se
poboljsali 6 i 12 meseci nakon operacije (p < 0,05).
Zakljucak. Klinicka procena ukazuje da je efikasnost
EMA uporediva sa tradicionalnim uklanjanjem vena u
lecenju varikoznih vena donjih ekstremiteta. EMA takode

pokazuje prednosti u pogledu bezbednosti, $§to sugerise
$iru primenu ove procedure u klinickoj praksi.

Kljucne reci:
ablacija, tehnike; ligacija; donji ekstremiteti; v.
saphena; leCenje, ishod; vene, varikozne.

Introduction

Lower extremity varicose veins (LEVV) are a prevalent
chronic venous disorder in vascular surgery, particularly among
middle-aged and elderly individuals. This condition is
associated with multiple contributing factors, including genetic
predisposition, prolonged standing or sitting, pregnancy, and
obesity » 2 In its early stages, patients may experience
discomfort in the lower extremities, particularly after prolonged
periods of standing or sitting. Additionally, visible clusters of
twisted veins often appear due to compromised venous return >4,

Without timely intervention, varicose veins can progress,
leading to more severe symptoms. Advanced stages may
involve complications such as localized itching in the lower leg
area, likely due to underlying inflammatory responses
Hyperpigmentation, or darkened skin, is another frequently
observed symptom. Moreover, chronic blood stasis and
inflammation can cause further complications, including skin
induration, ulcers, and eczema > . More severe issues, such as
phlebitis and venous thrombosis, can lead to intense pain,
swelling, and in rare cases, life-threatening pulmonary
embolism &7,

Historically, high ligation and stripping of the saphenous
vein have been the primary interventions for LEVV. This
surgical approach involves the removal of the affected vein
while preserving healthy venous circulation ™ 8. Although
effective, this technique is more invasive, leading to extended
recovery times and potential postoperative complications.
Recently, advances in medical technology have introduced
minimally invasive options, such as endovenous microwave
ablation (EMA), which have garnered increasing interest 9, In
EMA, a microwave probe is inserted into the vein, generating
heat to occlude the damaged vein and restore normal blood
flow. Compared to traditional surgery, EMA offers advantages
in reduced trauma and expedited recovery °.

LEVV warrant timely treatment to avoid progression to
more  severe complications.  Contemporary  medical
advancements offer several treatment options, allowing
patients to choose an approach tailored to their individual
circumstances * 19,

The aim of this study was to compare the clinical
outcomes of EMA with conventional high ligation and stripping
of the great saphenous vein in the treatment of LEVV.

Methods

Study population

This study comprised 100 patients with LEVV
admitted to the Department of Vascular Hernia Surgery, the

First People’s Hospital of Linping District, Hangzhou,
Zhejiang, China, between August 2022 and March 2024.
The cohort consisted of 56 men and 44 women, aged 23 to
72 years, with a mean age of 55.4 + 10.1 years. Patients
were randomly assigned to two groups using a computer-
generated randomization sequence, with each group
comprising 50 individuals: a group that received ultrasound-
guided EMA (the EMA group) and a group that underwent
traditional high ligation and stripping of the saphenous vein
(the traditional group). The study was approved by the
Ethics Committee of the First People’s Hospital of Linping
District (No. LDSTYU, from February 20, 2022).

Inclusion criteria included the following: clinical
assessment of LEVV classified as C2-C6; unilateral onset
of varicose veins, confirmed by Doppler ultrasound showing
a varicose great saphenous vein; patients who provided
informed consent before the surgical procedure on their own
or via their relatives.

Exclusion criteria were as follows: significant cardiac,
pulmonary, or renal failure preventing surgery; presence of
deep venous valve insufficiency or deep vein thrombosis
(deep venous insufficiency was diagnosed using duplex
ultrasound examination, showing reflux duration > 1.0
second in deep veins with provocative maneuvers); prior
surgical history of LEVV; pregnancy or lactation; long-term
bed rest or high risk of thrombosis; coagulation disorders.

Procedural approach to preoperative preparation

Patients were instructed to walk for 20 min before sur-
gery, with varicose veins marked based on their protrusion.

Endovenous microwave ablation under ultrasound
guidance

A SonoScape S8 EXP ultrasound machine (Medsin-
glong Co., Ltd, Guangdong, China) with a 5-10 MHz probe
was used. Patients were placed in a supine position and
given epidural anesthesia. Epidural anesthesia was chosen
to provide adequate regional anesthesia while allowing pa-
tient cooperation and minimizing systemic effects, which is
particularly beneficial for elderly patients with comorbidi-
ties. The great saphenous vein was punctured 5 cm below
the medial knee joint, and a PSI-6F-11-035-18G vascular
sheath (Merit Medical Systems, Utah, United States) was
introduced, followed by insertion of the ECO-100F-2016
microwave ablation catheter (Nanjing Yigao Medical
Technology Co., Ltd., Zhejiang, China). Upon reaching the
vein’s entrance, the catheter was retracted 2.5 cm, and a
tumescent solution (500 mL of normal saline, 10 mL of so-
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dium bicarbonate injection, 0.5 mL of epinephrine, and
5 mL of lidocaine) was administered along the vein. The
EMA was then performed with a microwave power setting
between 30 and 60 W and catheter movement maintained at
1-2 millimeters per second, adjusted based on local vascu-
lar and skin conditions. Superficial varicose veins in the
lower leg were treated using the ECO-100F-1213 micro-
wave ablation needle (Nanjing Yigao Medical Technology
Co., Ltd., Zhejiang, China) at 35 W according to pre-
marked areas.

Traditional high ligation and stripping

Patients were positioned supine under epidural anes-
thesia. Incisions (1-2 cm) were made at the medial ankle
and groin. After ligation and severance of the great saphe-
nous vein, it was stripped using the 02R2000 catheter
(Gamida Tech, Eaubonne, France). The excised location
was compressed for 10 min to manage bleeding, followed
by therapy along the vein. Superficial varicose veins in the
lower leg were excised and locally stripped per preoperative
markings.

Postoperative care

Patients received low-molecular-weight heparin calci-
um injections at a dosage of 4,100 anti-Xa (AXa) interna-
tional units per day from the first postoperative day until
discharge. This specific dosage was chosen based on cur-
rent guidelines for venous thromboembolism prophylaxis in
moderate-risk surgical patients 1. Rivaroxaban (10 milli-
grams per day) was prescribed for anticoagulation for one
month to prevent deep vein thrombosis and maintain ve-
nous patency during the critical healing period. Patients
were advised to wear compression stockings (23-32 milli-
meters of mercury) for six months to reduce venous hyper-
tension, prevent recurrence, and optimize long-term out-
comes. The duration of compression therapy was based on
the European Society for Vascular Surgery guidelines,
which recommend extended compression therapy following
varicose vein interventions to minimize recurrence rates
and improve functional outcomes 2,

Outcomes and follow-up

Key outcome measures included operation time, num-
ber of incisions, blood loss, hospital stay, and postoperative
complications (e.g., subcutaneous bruising, hematoma, par-
esthesia, incision infection, and skin burns). Ultrasound
was used to assess the great saphenous vein on the first
postoperative day. Venous Clinical Severity Score (VCSS)
and Aberdeen Varicose Vein Questionnaire (AVVQ) scores
were recorded at 6 and 12 months postoperatively to evalu-
ate clinical effectiveness. All procedures were performed
by experienced vascular surgeons with more than 10 years
of experience in varicose vein surgery. Prophylactic antibi-
otics (cefazolin 1 g) were administered 30 min before sur-
gery in both groups.

Cheng C, et al. Vojnosanit Pregl 2025; 82(9): 585-591.

Statistical analysis

Data were compiled in WPS Office 2019 software
(Kingsoft) and analyzed with SPSS 26.0. Data were ana-
lyzed across groups using the y2? test. Continuous data are
expressed as mean + standard deviation. The Shapiro-Wilk
test for normality was followed by independent sample t-
tests for normally distributed data, and the Mann-Whitney U
test was used for non-normal data. The Wilcoxon signed-
rank test was used for non-normally distributed data in in-
tra-group comparisons, whereas paired t-tests were em-
ployed for normally distributed data. The threshold for sta-
tistical significance was established at p < 0.05.

Results
Comparison of general data between the two groups

There was no statistical significance in the general data
between the two groups (p > 0.05), as shown in Table 1. In
this study, the underlying disease history of the patients was
compared between groups using a Chi-square test for the
overall distribution of disease categories (including
hypertension, diabetes mellitus, coronary artery disease, and
no underlying disease), which showed no significant
difference (y2 = 0.921, p = 0.105). Additionally, smoking
status was analyzed separately and also showed no
significant difference between groups (2 = 0.136,
p = 0.885). Clinical-Etiology-Anatomy-Pathophysiology
(CEAP) grade classification was assessed (p = 0.078). The
injured extremity showed a p-value of 0.304.

Observation index and follow-up

All patients underwent successful treatment. Postop-
erative ultrasonography confirmed that the great saphenous
vein was effectively occluded in the EMA group, whereas it
was not detectable in the traditional group. Key indicators,
including operation time, intraoperative blood loss, number
of incisions, and length of hospital stay, were significantly
lower in the EMA group compared to the traditional group
(p <0.05) (Table 2). The treated veins included the great
saphenous vein in all patients, with mean vein diameters of
6.8+ 1.2 mm in the EMA group and 7.1 + 1.4 mm in the
traditional group (p > 0.05). The great saphenous vein di-
ameter was measured at the saphenofemoral junction using
duplex ultrasound in a standing position with the patient
bearing weight on the contralateral extremity. No concomi-
tant procedures for the small saphenous vein or accessory
saphenous veins were performed in this study.

Following the operation, subcutaneous bruising was
observed in 9 cases in the EMA group and 20 cases in the
traditional group. Local paresthesia was noted in 6 cases in
the EMA group and 12 cases in the traditional group. All
cases of bruising and paresthesia gradually resolved without
further treatment. The incidence of subcutaneous bruising
was significantly higher in the traditional group compared to
the EMA group (p < 0.05).
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In the EMA group, five patients experienced skin
burns, all located at the proximal thigh region where the
vein was more superficial, which healed with the application
of topical burn cream. In the traditional group, 7 cases de-
veloped subcutaneous hematomas, and 6 cases experienced
incision infections, including one severe infection. These
complications improved with symptomatic treatment, anti-
inflammatory therapy, and local incision drainage. Signifi-
cant differences were observed in the incidence rates of sub-
cutaneous hematoma and skin burns between the two groups
(p <0.05) (Table 3).

Comparison of VCSS and AVVQ scores between the
two groups

There were no significant differences in VCSS and
AVVQ scores between the two groups before surgery (p >
0.05). However, statistically significant differences in both
VCSS and AVVQ scores were observed before and after
surgery within each group (p < 0.05). The VCSS and
AVVQ scores at both 6 and 12 months post-surgery were
significantly lower than the preoperative scores (p < 0.05).
Additionally, there were no statistically significant differ-

Table 1
Comparison of general data between the two groups
Parameters EMA group Traditional group t/y* value p-value
Age, years 57.3+11.2 58.8 +10.9 0.873 0.214
Gender 0.265 0.781
male 26 28
female 24 22
Weight, kg 72.34 £12.65 73.21£11.78 0.642 0.487
Course of disease, years 9.00 (4.00-18.00) 7.00 (2.00-12.00) 1.873 0.096
Underlying disease history 0.921 0.105
hypertension 8 9
diabetes mellitus 5 6
coronary artery disease 4 3
Smoking 11 13 0.136 0.885
CEARP classification 3.168 0.078
C2 5 6
C3 20 18
C4 15 13
C5 6 8
C6 4 5
Injured extremity 0.782 0.304
left 24 28
right 26 22

EMA - endovenous microwave ablation; CEAP - Clinical-Etiology-Anatomy-Pathophysiology.
All values are presented as numbers, mean * standard deviation, or median (interquartile range).

Table 2
Comparison of intraoperative and postoperative observation indexes between the two groups
Parameters EMA group Traditional group Zly? p-value
Time of operation, min 58.00 (51.00-66.00) 67.00 (55.00-83.00) 3.674 0.012
Peroperative bleeding, mL 23.00 (18.00-37.00) 73.00 (58.00-92.00) 8.432 0.006
Number of intraoperative incisions 1 (1.00-1.00) 6 (4.00-8.00) 9.241 0.004
Length of stay, days 4.00 (3.00-7.00) 8.00 (6.00-10.00) 6.345 0.009
EMA - endovenous microwave ablation.
All values are presented as medians (interquartile ranges).
Table 3
Comparison of postoperative complications between the two groups

Postoperative complications EMA group Traditional group 2 value p-value

Subcutaneous bruising 9 20 4.374 0.018

Subcutaneous hematoma 0 7 / 0.015

Paresthesia 6 12 2.481 0.095

Infection of the incisional wound 0 6 / 0.103

Skin burn 5 0 / 0.009

EMA - endovenous microwave ablation.
All values are presented as numbers.
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Table 4
Comparison of VCSS and AVVQ scores between the two groups
Parameters EMA group Traditional group t/z p-value
VCSS score
before operation 7.00 (4.00-9.00) 8.00 (5.00-10.00) 1.263 0.104
6 months after surgery 3.00 (2.00-4.00)* 2.50 (2.00-3.00)* 1.487 0.097
12 months after surgery 2.00 (2.00-3.00)* 2.00 (1.00-3.00)* 0.873 0.146
AVVQ score
before operation 12.38 £3.19 11.87+£2.87 0.784 0.263
6 months after surgery 4.67 +2.15* 6.42 £ 2.89* 1.625 0.083
12 months after surgery 3.04 + 1.85* 4.16 + 2.16* 1.324 0.099

VCSS - Venous Clinical Severity Score; AVVQ — Aberdeen Varicose Vein Questionnaire; EMA — endovenous microwave ablation.
All values are presented as median (interquartile range) or mean + standard deviation.
Note: *p < 0.05 — compared with the same group before operation.

ences between the scores recorded at 6 months and those
recorded at 12 months post-surgery (p > 0.05) (Table 4).

Discussion

LEVV are a prevalent vascular condition marked by
venous dilation, tortuosity, and functional impairment. This
condition impacts not only the appearance of the extremities
but also contributes to discomfort, fatigue, and progressive
skin changes, which can lead to severe complications in
advanced cases > 4. For symptomatic varicose veins (CEAP
C2-C6), treatment options include conservative management
with compression therapy for patients with C2 disease, while
endovenous thermal ablation or surgical intervention is
recommended for those with more severe disease (C3-C6) or
for patients with C2 disease who have failed conservative
treatment 4716, Traditionally, the surgical approach involves
high ligation and stripping of the saphenous vein, a method
designed to remove the affected vein segments, thereby
alleviating symptoms and minimizing the risk of further
complications. However, this traditional method can be
associated with significant tissue trauma, extended
postoperative recovery, and risks such as pain, bruising, and
other complications 6,

In recent years, advancements in medical technology
have led to the emergence of minimally invasive techniques,
such as EMA, as effective alternatives for treating LEVV.
The EMA offers several advantages over conventional
surgery, including reduced trauma, faster recovery, and
fewer complications, resulting in improved clinical outcomes
and a more aesthetically pleasing cosmetic appearance 17 8,
By employing a microwave probe within the affected vein,
EMA generates heat that effectively closes the dysfunctional
vein, restoring normal blood flow with minimal impact on
surrounding tissues. This method allows for a more targeted
approach, reducing the likelihood of postoperative bruising
and minimizing recovery time compared to traditional
stripping and ligation procedures.

Our study demonstrates that EMA not only provides
comparable efficacy to traditional high ligation and stripping
but also offers advantages in terms of safety, with lower rates
of complications, including subcutaneous bruising,
subcutaneous hematoma, and skin burns. The relatively high
complication rates observed in both groups may be attributed

Cheng C, et al. Vojnosanit Pregl 2025; 82(9): 585-591.

to the learning curve associated with these procedures,
despite the surgeons’ extensive experience. Skin burns in the
EMA group (10%) occurred primarily in areas where the
saphenous vein was more superficial, suggesting the
importance of adequate tumescent anesthesia and careful
power adjustment in these regions. These findings support
EMA as a valuable treatment modality that may enhance
patient outcomes and quality of life. Further research with
larger patient cohorts and long-term follow-up is warranted
to fully establish EMA as a standard treatment option for
LEVV, potentially expanding its use in clinical practice.

The extended hospital stays observed in both groups
(median 4 days for EMA and 8 days for traditional surgery)
reflect our institutional protocol for postoperative monitor-
ing and anticoagulation management. Although interna-
tional standards typically advocate for same-day discharge
after EMA procedures, our conservative approach was
adopted due to the following: a) the need for careful moni-
toring of anticoagulation therapy initiation, b) patient edu-
cation regarding compression therapy and ambulation, and
¢) local healthcare system requirements for insurance cov-
erage. We acknowledge that shorter hospital stays are fea-
sible and may be implemented as experience with these
procedures increases.

High saphenous vein ligation combined with EMA is a
practical approach for treating LEVV, offering efficacy simi-
lar to traditional stripping but with reduced tissue dam-
age 1920, Previous studies have highlighted that EMA pro-
vides better outcomes for saphenous vein occlusion, with a
lower rate of postoperative recurrence compared to foam
sclerotherapy 2% 2L, Additionally, research comparing EMA
with endovenous laser ablation suggests that EMA is a safer
and more effective alternative, associated with fewer compli-
cations and reduced recurrence rates in the management of
LEVYV 2224,

In our study, EMA demonstrated advantages over tradi-
tional methods in terms of shorter operation times, reduced
intraoperative blood loss, fewer incisions, and shorter hospi-
tal stays. Although no significant differences were observed
in preoperative and postoperative VCSS and AVVQ scores
between the EMA and traditional groups, both groups
showed substantial improvements in these scores at 6 and 12
months post-surgery, consistent with findings reported by
other researchers 2%, This suggests that both ultrasound-
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guided EMA and traditional stripping effectively reduce the
severity of LEVV, with EMA offering the added benefits of
less tissue trauma and quicker recovery, contributing to an
improved quality of life for patients 252°,

The primary postoperative complications observed in
the EMA group included subcutaneous bruising and skin
burns, along with occasional cases of local paresthesia. In the
traditional group, complications such as subcutaneous bruis-
ing, local paresthesia, subcutaneous hematoma, and incision
infections were noted. Our findings revealed statistically sig-
nificant differences in the rates of subcutaneous bruising,
hematoma, and skin burns between the two groups, while the
incidence of incision infections did not differ significantly.
The study’s limited sample size may contribute to the lack of
significance in infection rates.

EMA is a safe and effective alternative to traditional
saphenous vein stripping for treating LEVV, providing com-
parable efficacy with fewer adverse effects. However, the

retrospective nature of this study, combined with a small
sample size from a single center, suggests the need for fur-
ther validation through multicenter, prospective studies with
larger patient cohorts.

Conclusion

Clinical studies demonstrate that EMA provides
efficacy comparable to traditional saphenous vein stripping
in the treatment of LEVV. However, EMA offers enhanced
safety and fewer complications, making it a favorable option.
Therefore, promoting EMA in clinical practice is
recommended to improve patient outcomes and recovery in
the management of varicose veins.
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Floating right atrial thrombus associated with submassive pulmonary

embolism

Flotiraju¢i tromb desne pretkomore udruzen sa submasivnom embolijom pluéa
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Abstract

Introduction. Massive free-floating thrombi in the right
heart are rarely seen in everyday clinical practice and are most
often the result of embolization by thrombotic masses from
the veins of the lower extremities. Thrombi in the right heart
represent a great risk for life-threatening submassive or
massive pulmonary embolism, making early diagnosis and
adequate treatment crucial. Case report. We present the case
of a 56-year-old male patient who developed submassive
pulmonary embolism as a consequence of a large floating
thrombus in the right heart, rapidly diagnosed by
echocardiography. On  admission, the patient was
hemodynamically stable with a blood pressure of
140/100 mmHg. The initial risk assessment was petformed
using the Pulmonary Embolism Severity Index score, which
was 80, that placed the patient in class III, indicating a
moderate risk of mortality within 30 days of the event. Given
the patient’s hemodynamic stability and the massive size of
the right heart thrombus, thrombolytic therapy was avoided
due to the risk of dispersal of thrombotic masses, additional
embolization, and hemodynamic load of the pulmonary
circulation. Catheter-based procedures were not feasible as
such interventions are not performed at the treating
institution. Due to all of the above, it was decided that
surgical thrombectomy was the most appropriate and safest
solution for the patient. A surgical thrombectomy was
successfully performed. The postoperative course was
uneventful, and the patient recovered quickly. Conclusion.
Massive pulmonary embolism concomitant with right heart
thrombosis is associated with high mortality. This case
highlights  the importance of rapid diagnosis, a
multidisciplinary approach, timely decision-making, and
individualized treatment, which reduce mortality in these
patients.

Key words:
diagnosis; echocardiography; heart atria; pulmonary
embolism; thrombectomy; thrombosis.

Apstrakt

Uvod. Masivni flotirajuéi trombovi u desnom srcu retko
se vidaju u svakodnevnoj klini¢koj praksi, a najcesée su
rezultat embolizacije tromboticnim masama iz vena donjih
ekstremiteta. Trombovi u desnom srcu predstavljaju veliki
rizik za nastanak submasivne ili masivne embolije pluca,
zbog Cega je vazno rano ih dijagnostikovati i adekvatno
leciti. Prikaz bolesnika. Prikazan je 56-godisnji bolesnik
kod kojeg je nastala submasivna pluéna embolija na terenu
velikog flotirajuéeg tromba u desnom srcu koji je brzo
dijagnostikovan ehokardiografijom. Bolesnik je na prijemu
bio hemodinamski stabilan sa vrednostima krvnog pritiska
140/100 mmHg. Inicijalna procena rizika ucinjena je
pomocu skora Pulmonary Embolism Severity Index koji je
iznosio 86 $to je bolesnika svrstalo u klasu III, odnosno
umereni rizik od mortaliteta unutar 30 dana od dogadaja.
S obzirom na to da je bolesnik bio hemodinamski stabilan,
a imajuéi u vidu masivnost tromba u desnim sréanim
supljinama, nije primenjena tromboliticka terapija zbog
rizika od rasipanja trombnih masa, dodatne embolizacije i
hemodinamskog opterecenja pluéne cirkulacije. Nije bilo
moguce razmatrati katetersku proceduru s obzirom na to
da se takva vrsta procedure ne radi u centru gde je bolesnik
lecen. Zbog svega prethodno navedenog, odluceno je da
je hirurska trombektomija najprihvatljivije i po bolesnika
najbezbednije resenje. Hirurska trombektomija je uspesno
obavljena. Postoperativni tok protekao je  bez
komplikacija i bolesnik se brzo oporavio. Zakljucak.
Masivna pluéna embolija udruzena sa trombozom desnog
srca povezana je sa visokim mortalitetom. Ovaj slucaj
istice vaznost brze dijagnoze, multidisciplinarnog
pristupa,  pravovremenog  donosenja  odluke i
individualizovanog lecenja, ¢ime se smanjuje smrtnost
ovih bolesnika.

Kljucne reci:
dijagnoza; ehokardiografija; srce, pretkomora; pluca,
embolija; trombektomija; tromboza.
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Introduction

Free-floating thrombus (FFT) masses in the right heart in
patients without predisposing conditions, such as structural
heart disease or atrial fibrillation, are of rare occurrence. A
mobile clot within the right heart poses a high risk for further
embolization. In almost all cases, there is an associated
pulmonary embolism (PE) . They most often occur as a result
of traveling thrombi from the deep veins of the lower
extremities. Right heart FFT masses have a high mortality rate
and therefore represent a real emergency and require prompt
treatment 2. The lack of randomized control trials makes the
management of right heart thrombi in transit controversial.
There are several treatment modalities, which include systemic
anticoagulation, thrombolysis (systemic or catheter-directed),
catheter-based thrombectomy, and surgical thrombectomy 1.

We present a case of a patient with submassive PE
concomitant with a large thrombotic mass in the right heart,
which was surgically removed. This case emphasizes the
importance of a multidisciplinary approach to treating right
heart thrombi and highlights the need for individualized
treatment strategies in these patients.

Case report

A 56-year-old male patient was admitted to the Cardiology
Clinic, Clinical Center of Montenegro, Podgorica, Montenegro,
because of chest pain, difficulty breathing, weakness, and

dizziness. He had no previous cardiac conditions. He denies any
other medical conditions, and he was not taking any regular
medications. His physical examination was within normal
limits. The patient was hemodynamically stable on admission.
His blood pressure was 140/100 mmHg with a regular heart rate
of 120 beats per minute, and oxygen saturation of 94% on room
air. Electrocardiographically mild ST depressions in leads V4-
V6, as well as a deep S wave in lead D1, were recorded.
Laboratory findings showed markedly elevated values of D-
dimer (35.2 pg/mL; normal range < 0.5 pg/mL) and troponin
(1,112 ng/L; normal range < 15 ng/L). The platelet count,
prothrombin time, and partial thromboplastin time were within
the normal range. Additionally, other laboratory results,
including complete blood count, urea, and creatinine, were
within normal limits.

An emergent computed tomography (CT) scan of the
pulmonary arteries was performed, which showed filling
defects in the terminal branches of both pulmonary arteries as
well as in all lobar and segmental branches bilaterally,
corresponding to thrombi, i.e., PE (Figure 1). The initial risk
assessment was done using the Pulmonary Embolism Severity
Index score, which was 86, that placed the patient in class I,
with a moderate risk of mortality within 30 days of the event.

Upon admission, echocardiography was performed, and
it revealed a large floating mass in the right atrium, measuring
up to 43 mm in diameter. The mass prolapsed into the right
ventricle and, based on its characteristics, mostly resembled a
large thrombotic mass (Figure 2).

Fig. 2 — Transthoracic echocardiogram showing a large “worm-like”
thrombus (white arrow) in the right atrium passing through
the tricuspid valve to the right ventricle.
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The peak pulmonary artery pressure was 45 mmHg. Due
to dilatation of the right ventricle, paradoxical movements of
the septum were registered. A Doppler of the lower
extremities was performed, which showed signs of chronic
venous thrombosis with recanalization in the area of the distal
third of the saphenous vein, superficial femoral vein, and
popliteal vein. Doppler sonographic findings of the arterial
blood vessels of the lower extremities were normal. Although
the patient remained hemodynamically stable, evidence of
right ventricular dysfunction confirmed by laboratory markers
(elevated troponin) and imaging studies was consistent with a
diagnosis of submassive PE. Since there was a high risk that
the administration of thrombolytic therapy would lead to the

Fig. 3- Intraopefative finding of a large thrombotic mass

lysis of thrombus and the dispersion of thrombotic masses into
the pulmonary circulation, which was already burdened with
numerous thrombotic masses seen on the previous CT scan of
the pulmonary arteries, and since the patient was
hemodynamically stable and without comorbidities, a
decision was made to perform a surgical intervention. After
consultation with a cardiac surgeon, a surgical thrombectomy
was performed, and a large thrombus was removed from the
right atrium, being 50 mm in its largest diameter (Figure 3).
The surgical procedure as well as the postoperative
course were without complications. The removed thrombotic
mass was sent for pathohistological analysis, and the results
confirmed that it was a fibrinous thrombus (Figure 4).

in the right atrium.

» §

Fig. 4 — Pathohistological finding of a thrombus composed predominantly of fibrin

& A -

(white arrows), which is permeated with erythrocytes and granulocytes (yellow arrows)
(hematoxylin and eosin staining, x100).
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Additional diagnostics did not indicate the potential
existence of malignancy. Screening for thrombophilia was
negative. At discharge, the patient was hemodynamically
stable, without complaints, and the echocardiographic
findings were normal. Standard therapy for PE was
prescribed, including subcutaneous enoxaparin sodium
administered twice daily. Six months after the operation, the
patient remains well, and follow-up echocardiographic
findings were normal. The successful outcome in this case can
be attributed to rapid diagnosis using transthoracic
echocardiography and CT, prompt decision-making to
proceed with surgical intervention, and efficient postoperative
care.

Discussion

The presence of massive FFT masses in the right heart
is not often seen in everyday clinical practice. It is most often
the result of embolization by thrombotic masses from the
veins of the lower extremities. Mortality in these patients is
very high (27-50%), especially if the right heart thrombus is
associated with PE . In a study by Chartier et al. !, nearly
all patients with large right heart thrombi were either in
cardiogenic shock or classified as New York Heart
Association class IV. However, those who were not in
cardiogenic shock had a higher survival rate. Our patient was
hemodynamically ~ stable  throughout  the  entire
hospitalization. That is why urgent diagnosis and prompt
treatment are necessary. Echocardiography is the most
important diagnostic tool when it comes to thrombosis of the
right heart. The main role of echocardiography is certainly
the visualization of thrombotic masses. Thrombi of the right
heart can be morphologically presented in three forms, type
A, which has a worm-like shape, type B, which is similar to
the left heart thrombi, which means that it has a broad base
and is mostly adhesive to the wall of the ventricles or atria,
and type C, which has the characteristics of both of the
previously mentioned types > 8. Type A is very mobile and its
presence usually indicates the origin of the thrombus from the
deep veins of the legs, while type B mostly occurs in situ °.
They can easily mimic myxoma on echocardiography. When
there is ambiguity, transesophageal echocardiography can be
helpful 7. Echocardiography revealed a type A, or “worm-
like”, thrombus configuration, most likely resulting from
blood flow dynamics and the thrombus’s migration path to
the heart. This indicates that the thrombus did not originate
in situ in the right heart. In addition to the visualization of
thrombus, echocardiographic signs of right ventricular strain,
pulmonary hypertension, and paradoxical septal movements
are most often seen > 58, In our patient, all the mentioned
signs were present. As already mentioned, FFT masses in the
right heart are an emergency condition with a high mortality
rate, and therefore, prompt treatment is necessary °. Despite
advances in early diagnosis, the management of PE
complicated by free-floating right heart thrombus remains
very debatable due to the lack of consensus and evidence-
based guidelines. Treatment can be surgical, pharmacological
(thrombolytic or anticoagulant therapy), and interventional

Vukmirovi¢ M, Babi¢ B. Vojnosanit Pregl 2025; 82(9): 592-596.

(percutaneous techniques) 8. Some studies suggest that the
best outcomes are with thrombolytic therapy 2%, In a study
by Rose et al. 2 involving 177 patients with right heart
thrombus, the mortality rate was lower in patients who
received thrombolytic therapy (11.3%) compared to those
who underwent surgical thrombectomy  (23.8%).
Thrombolytic therapy has its advantages as it quickly leads
to the lysis of the thrombus, thus improving right heart
function in a short time. Additionally, at the same time, it acts
on thrombi in the lungs and, if present, in the deep veins of
the lower extremities 2. Ferrari et al. * showed that after
thrombolysis, 50% of the clots disappeared within 2 hrs. The
risk of clot fragmentation and subsequent cardiogenic shock
following thrombolysis of a large right heart thrombus
remains unclear®*. Although some case reports describe
successful outcomes with anticoagulant therapy alone, most
researchers indicate that anticoagulation is insufficient
because the thrombus may not break down, and the
probability of embolization is higher 1% Percutaneous
catheter-based treatments are considered an alternative to
thrombolysis in patients with PE who have contraindications
to thrombolytic therapy or remain hemodynamically unstable
even after the application of fibrinolysis 8. However, there are
no clear guidelines when it comes to the use of catheter-based
procedures in the treatment of FFT in the right heart.
Percutaneous mechanical thrombectomy is increasingly
being employed as an alternative for managing right heart
thrombotic masses. Other techniques, such as fragmentation
of blood clots with aspiration and intrapulmonary
administration of fibrinolytics, have also been utilized °.
Torbicki et al. 1 compared mortality in patients treated with
anticoagulant therapy, thrombolysis, and surgical procedures,
and reported that the mortality rate is highest among patients
treated with anticoagulant therapy (60%), followed by
thrombolysis (40%), and surgical interventions (27%), which
suggested that the surgical approach is the most effective.
Surgical thrombectomy is a treatment option that has good
outcomes and is mainly used in hemodynamically unstable
patients 1820, Chartier et al. ! reported in their study that
mortality is not directly correlated with the type of treatment,
but they recommend surgical treatment if there are no
contraindications. Delay in thrombus removal surgery can
result in early mortality 2. Our patient was hemodynamically
stable throughout the entire hospitalization and had no
comorbidities, and after consultation with a cardiac surgeon,
we decided to proceed with surgical thrombectomy. Surgical
thrombectomy has the advantage of allowing complete
removal of the thrombus with minimal risk of potential
fragmentation, dispersal, and embolization. However, it
cannot resolve thrombi distally in the pulmonary circulation,
so additional pharmacological treatment is necessary 2.
Several potential complications due to surgical
thrombectomy are described in the literature, among them the
most significant are postoperative bleeding, cardiac
tamponade, and sternal wound infection 23, Surgical
thrombectomy carries the risk of inherent delay of a few
hours due to patient preparation, but when the patient is
hemodynamically stable, this is acceptable.
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Conclusion

The presence of massive free-floating thrombotic masses

in the right heart is a rare phenomenon and mostly arises as a
consequence of traveling thrombi from the veins of the lower

10.

11.

12.

13.

extremities and usually coexists with an already massive
pulmonary embolism. Due to the high mortality rate, it
represents an emergent, life-threatening condition that must be
quickly diagnosed and adequately treated in order to increase
the probability of survival.
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Abstract

Introduction. The frequency of mushroom poisoning is
increasing both in the world and in our country. The most
poisonous type of mushroom in our region is Amanita phal-
loides, which causes amanitin syndrome in poisoned patients,
and it is considered responsible for the majority of deaths of
patients intoxicated by mushrooms. The liver is one of the
primary target organs of amatoxin toxicity. Clinical symp-
toms and signs of amatoxin poisoning manifest themselves
in different ways and can range from simple gastrointestinal
disorders to fatal outcomes. Currently, there is no
knowledge in the literature about the existence of a specific
antidote that should be used in the acute phase of amanitin
syndrome. The basis of therapy is symptomatic and sup-
portive therapy. Albumin dialysis is an extracorporeal, non-
biological mechanism of liver function support used in liver
failure of various etiologies. Case report. The initial treat-
ment of a patient treated with the clinical picture of alimen-
tary intoxication with mushrooms and amanitine syndrome
included symptomatic and supportive therapy. Due to ele-
vated values of liver enzymes, as well as ammonia and pre-
sent oliguria, a multidisciplinary analysis determined that
single-pass albumin dialysis (SPAD) should be applied as a

Apstrakt

Uvod. Ucestalost trovanja pecurkama je u porastu kako u
svetu tako 1 u nasoj zemlji. Najotrovnija vrsta pecuraka na
nasim prostotima je Zelena pupavka (Amanita phalloides),
koja prouzrokuje amanitinski sindrom kod otrovanih
pacijenata i smatra se odgovornom za vecinu smrtnih
slucajeva kod pacijenata otrovanih pecurkama. Jetra je jedan

treatment measure in this patient to support hepatic and re-
nal function. Following a temporary improvement, the gen-
eral condition worsened upon continuing the treatment.
That was manifested by a worsening of the state of con-
sciousness and, consequently, the respiratory function. Fur-
ther treatment included mechanical ventilation and repeated
SPAD procedure. This eventually led to positive outcomes,
including improved consciousness, better respiratory func-
tion, and normalization of laboratory indicators of liver and
kidney function. Conclusion. Considering that liver func-
tion is compromised in amanitin syndrome, SPAD is a good
choice in the treatment of a patient with a severe clinical
picture of mushroom poisoning. The presented patient is
the first mushroom-intoxicated patient with this severity of
the clinical picture, treated at our institution, in whom no
fatal outcome was recorded. Based on further tests or anal-
yses and more clinical experience that will be gained with
the further use of SPAD, it is necessary to create a clear
protocol for the use of this method during the treatment of
patients intoxicated by mushrooms.

Key words:
amanitins; dialysis; hepatic encephalopathy; hepatic
insufficiency; mushroom poisoning.

od primarnih ciljnih organa toksi¢nog delovanja amatoksina.
Klinicki simptomi i znaci trovanja amatoksinom se razlicito
manifestuju, od jednostavnih gastrointestinalnih poremecaja
do smrtnog ishoda. Trenutno ne postoje literaturna saznanja
o postojanju specificnog antidota koji bi trebalo da se
primenjuje u akutnoj fazi amanitinskog sindroma. Osnovu
terapije ¢ine simptomatska i suportivna terapija. Albuminska
dijaliza je ekstrakorporalni, nebioloski mehanizam potpore
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funkcije jetre koji se koristi kod insuficijencije jetre razlicitih
etiologija. Prikaz bolesnika. Inicijalni tretman pacijenta
le¢enog pod klinickom slikom alimentarne intoksikacije
pecurkama 1 amanitinskog sindroma uklju¢io je
simptomatsku i suportivnu terapiju. Zbog povisenih
vrednosti enzima jetre, kao i amonijaka i prisutne oligurije,
multidisciplinarnom analizom donesena je odluka da se u
lecenju ovog pacijenta primeni jednoproto¢na albuminska
dijaliza (JPAD) kao terapijska mera potpore funkcijama
jetre i bubrega. Posle prolaznog poboljsanja, u nastavku
le¢enja, dolazi do pogorsanja opsteg stanja. To se
manifestovalo pogorSanjem stanja svesti i, posledi¢no,
respiratorne  funkcije. Dalje lecenje ukljucivalo je
mehanicku ventilaciju i ponovljene JPAD procedure. Ovo
je na kraju dovelo do pozitivnih ishoda, ukljucujudi
poboljsanje  svesti, bolju respiratornu  funkciju i

normalizaciju laboratorijskih pokazatelja funkcija jetre i
bubrega. Zaklju€ak. S obzirom da je funkcija jetre
kompromitovana u amanitinskom sindromu, JPAD
predstavlja dobar izbor u lecenju pacijenata sa teskom
klinickom slikom trovanja pecurkama. Prikazani pacijent je
prvi pacijent otrovan pecurkama sa ovim stepenom tezine
klinicke slike, lecen u nasoj ustanovi, kod koga nije
zabelezen smrtni ishod. Na osnovu daljih ispitivanja i
analiza 1 veceg klinickog iskustva koje ce se ste¢i daljom
upotrebom JPAD-a, potrebno je napraviti jasan protokol
za upotrebu ove metode u toku lecenja pacijenata
otrovanih pecurkama.

Kljucne redi:
amanitin; dijaliza; hepaticka encefalopatija; jetra,
insuficijencija; trovanje pecurkama.

Introduction

Mushrooms are certainly an indispensable food item in
the varied nutrition of modern humans ®. With a greater
prevalence in human nutrition, the risk of mushroom intoxi-
cation is inevitably increased 2.

Toxic substances from fungi cannot yet be reliably
identified in a laboratory. Therefore, in practice, analyses
that prove the presence of toxins in the organism of the poi-
soned person are generally not used for the diagnosis of
mushroom intoxication. Instead, diagnosis is based on cer-
tain symptoms and signs, and patients are clinically classi-
fied into specific toxic syndromes.

The most poisonous mushroom species in our region is
Amanita (A.) phalloides, which causes amanitin syndrome in
humans. This species is considered responsible for most fatal
outcomes in mushroom-intoxicated patients . According to
data from the National Center for Poison Control, Belgrade,
Serbia, three to eight fatal outcomes are recorded every year
due to poisoning with this species of mushroom °.

The most toxic substance found in A. phalloides is ama-
toxin. The mortality rate after ingesting A. phalloides ranges
from 25% to 50% ©. The lethal dose of amanita toxin is 0.1
mg/kg of body weight, and, therefore, severe poisoning can
occur with only 5 to 7 mg of amanita toxin, which is the dose
that can be found in a single mushroom 6 Amatoxin has
high thermal stability; it is very soluble in water, resistant to
enzymatic degradation, and as such is very toxic (it cannot
be destroyed by boiling or drying) . Moreover, amatoxins
are not subject to enzymatic degradation or the action of ac-
ids, so they are not inactivated after entering the gastrointes-
tinal tract. Amatoxin is easily absorbed from the gastrointes-
tinal system, does not bind to albumin, is quickly eliminated
from the blood, within 48 hrs it is distributed to the liver and
kidneys 8. The liver is the primary target organ of amatoxin
toxicity, and the hepatocellular effect is the most severe man-
ifestation of A. phalloides poisoning. This toxin is not me-
tabolized in the body and is excreted from the body mainly
through urine and a small amount through bile °. The mortal-
ity rate in these patients is correlated with the degree of liver

damage, the ability of the remaining healthy part of the liver
to regenerate, as well as the degree of expression of compli-
cations that may develop during intoxication. In addition to
hepatotoxicity, amatoxin also exhibits nephrotoxicity, proba-
bly due to the dominant route of toxin elimination through
the kidneys 2°.

Clinical symptoms and signs of amatoxin poisoning
manifest themselves differently and can range from simple
gastroenterological disorders to fatal outcomes. Clinical
symptoms are primarily caused by toxic damage to the liver
and, to some extent, the kidneys .

Currently, there are no clear guidelines in the literature
for treating the acute phase of amanitine syndrome caused by
mushroom ingestion 2, Symptomatic and supportive therapy
is aimed primarily at complaints related to the gastrointesti-
nal tract, but also at alleviating symptoms and signs resulting
from hepatic encephalopathy 2. It is recommended to use
activated charcoal in the first few hrs after ingestion, as
well as adequate rehydration, primarily due to large gastro-
intestinal losses. Due to the reduced synthetic function of
the liver, these patients are prone to bleeding, so blood and
blood derivatives are often represented in the treatment of
these patients 2. Since the urinary tract is the main route
for eliminating these toxins, forced diuresis is recommend-
ed (100-200 ml/hr). This approach is especially important
because amanitin also damages renal function in affected pa-
tients. After applying conservative measures, in case of inad-
equate response, the possibility of hemodialysis should be
considered, especially in patients with uremic encephalopa-
thy, hyperkalemia, acidosis, and fluid overload in the form of
pulmonary edema.

Based on previous retrospective studies * 4, certain
trends can be observed in the survival of patients treated with
different substances as potential antidotes. Based on the mor-
tality rate, the authors of these studies concluded that the
substance silibinin, alone or in combination with N-
acetylcysteine, achieved the best effect in terms of reducing
the amatoxin impact. However, further research is underway,
which should result in a substance that is a specific antidote
for amatoxin.

Jovanovi¢ D, et al. Vojnosanit Pregl 2025; 82(9): 597—603.
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Intravenous administration of albumin is beneficial in
multiple ways for patients with cirrhosis and hepatic insuffi-
ciency, achieving its effects through several different mecha-
nisms. Namely, albumin is an essential molecule involved in
detoxification by binding different substances, and is therefore
very important in various liver diseases. This characteristic of
albumin is the basis for the use of albumin as a binding and fil-
tration molecule in albumin-based dialysis devices, which rec-
ommends these devices for patients with liver failure .

Albumin dialysis is an extracorporeal non-biological
mechanism of liver support, and is chosen therapy for pa-
tients with liver failure of various etiologies . There are
several commercial types of albumin dialysis, such as the
molecular adsorbent recycling system, single-pass albumin
dialysis (SPAD), or the Prometheus system. SPAD is the
simplest form of albumin dialysis and is based on the general
principles of hemodialysis and hemofiltration. The SPAD
procedure is performed on a standard machine for continuous
veno-venous hemodiafiltration, where the patient’s blood
passes through a standard filter impermeable to albumin and
is filtered, but with the use of dialysate containing albumin in
a concentration of 2-5%. This removes protein-bound mole-
cules that are small enough to pass through the membrane
pores, as well as water-soluble toxins that also pass through
the membrane *.

In the clinical picture of patients with liver failure, due
to compromised detoxification, synthetic, metabolic, and
regulatory functions of the liver are often present with life-
threatening disorders such as acute renal insufficiency due to
hepatorenal syndrome, hepatic encephalopathy, cerebral
edema, hemorrhage, clinically significant hypotension, and
infection progressing to multiorgan dysfunction. One of the
primary mechanisms of the origin of these disorders is the
accumulation of various toxins that the insufficiently func-
tioning liver is unable to remove. The effects of these sub-
stances, such as ammonia, bilirubin, bile acids, nitrogen ox-
ides, various free radicals, and cytokines, lead to the listed
life-threatening conditions 418,

Regarding the rapid clearance of amatoxin from the
blood, it has been questioned whether extracorporeal purifi-
cation techniques, such as hemodialysis, albumin dialysis,
and plasmapheresis, are useful for patients with amanitin
syndrome at all. However, it has been practically proven that
the use of albumin dialysis for patients with liver failure
caused by mushroom poisoning increases the incidence of
survival . The reason for this is that, besides amatoxin, al-
bumin dialysis can also filter out other substances that are in
excess in the blood, primarily due to compromised liver
function, such as ammonia.

Considering the limited amount of data available in the
literature regarding extracorporeal support, particularly
SPAD albumin dialysis, in conditions caused by mushroom
intoxication, the aim of this case report was to highlight the
potential beneficial effects of this procedure on patient sur-
vival and treatment outcomes. The result of this case report
indicates the potential of albumin dialysis in treating the
condition, as well as the importance of a multidisciplinary
approach.

Jovanovi¢ D, et al. Vojnosanit Pregl 2025; 82(9): 597—603.

Case report

A case of mushroom poisoning of eight people was reg-
istered in the vicinity of Sabac, Serbia, at the beginning of
October 2022. The onset of the disease was characterized by
non-specific symptoms of the gastrointestinal tract in the
form of nausea, vomiting, and abdominal pain, and all the
poisoned persons reported themselves to the local Healthcare
Center for treatment. After it was found out that all eight pa-
tients had consumed mushrooms bought at the city market
and from the same seller, alimentary intoxication with mush-
rooms was suspected. After the initial assessment and triage,
three patients with the most severe clinical picture were re-
ferred to the National Poison Control Center, Clinic for
Emergency and Clinical Toxicology of the Military Medical
Academy in Belgrade. One female patient, out of the three
referred patients, was admitted in hemorrhagic shock. She
was quickly subjected to cardiopulmonary resuscitation
measures, and after two days, a fatal outcome was recorded.
The second patient had less expressed symptoms and signs
and was discharged after a few days in good general condi-
tion. The third patient, 48 years old, was admitted to the
Clinic for Emergency and Clinical Toxicology of the Mili-
tary Medical Academy, Belgrade, with non-specific gastroin-
testinal symptoms in the form of nausea, vomiting, ab-
dominal pain, and watery diarrhea.

On admission to the Intensive Care Unit (ICU) of the
Clinic for Emergency and Clinical Toxicology, the patient
was adynamic, sweaty, subicteric, tachycardic, and hypoten-
sive. He had a painfully sensitive epigastrium, which forced
him into a specific position in bed. Despite this, he was
breathing spontaneously with good respiratory parameters.
The first results of blood analysis and biochemical parame-
ters showed high values of liver enzymes, bilirubin, and
ammonia (Figures 1-3).

According to the anamnestic data, clinical picture, and
laboratory values of liver enzymes as well as nitrogenous
substances, it was concluded that the patient had alimentary
intoxication complicated by acute hepatic insufficiency and
acute renal insufficiency manifested by oliguria (Figure 4).

The initial treatment of the patient included the applica-
tion of the standard protocol used in alimentary intoxication
with mushrooms, primarily through intensive parenteral in-
fusion therapy and hepatoprotective application of N-
acetylcysteine according to a 21-hr protocol with extended
application, as well as silibinin from the second day in a dose
of 500 mg every 4 hrs. On the second and third day of hospi-
talization, the patient underwent extracorporeal detoxifica-
tion by plasmapheresis with albumin exchange. Since the
values of liver enzymes as well as ammonia remained high
with the presence of oliguria and consequently high values of
nitrogenous substances in biochemical analyses, it was de-
cided on the fourth and fifth day to apply albumin dialysis
type SPAD for the first time for patients poisoned by mush-
rooms. The SPAD procedure was performed at the ICU of
the Clinic for Anesthesiology and Intensive Therapy, Bel-
grade. After this treatment, both the patient’s general condi-
tion and laboratory parameters, especially liver and kidney
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Fig. 1 — Ammonia concentration in blood during treatment.
Note: Ammonia reference physiological values are 11-32 pmol/L.
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Fig. 2 — Blood bilirubin concentration during treatment.
Note: Bilirubin reference physiological values are 0-21 umol/L.
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Fig. 3 — Concentration of liver enzymes in blood during treatment.

AST - aspartat aminotransferaza; ALT- alanin aminotransferaza; LDH - laktat dehidrogenaza.
Note: AST, ALT, and LDH reference physiological values are 0-37 U/L, 10-49 U/L, and
120-246 UJ/L respectively.

Jovanovi¢ D, et al. Vojnosanit Pregl 2025; 82(9): 597—603.



Vol. 82, No. 9

VOJNOSANITETSKI PREGLED

Page 601

mmollL
25
20
15
10
5 A4
0
N A e & A
pmeolll
350
300
250
200
150
100
50
0
x v L ) A

—reg

Potassium

treatment

days A)

S CCCS

= Creatinine

treatment

days B)

O

Fig. 4 — Concentration of laboratory parameters of renal functions
in blood during treatment: A) urea, kalium, and B) creatinine.
Note: Urea, potassium, and creatinine reference physiological values are
2.5-7.5 mmol/L, 3.5-5.1 mmol/L, and 44-88 pmol/L respectively.

function, were improved. Due to the still present oliguria, re-
nal support in the form of hemodialysis was continued.

Still, the improvement of the condition was only transi-
ent. On the seventh day of hospitalization, the patient’s gen-
eral condition worsened again. This was manifested by a de-
terioration of consciousness, and for the first time, respirato-
ry function disorders appeared, including hyperventilation,
decreased partial pressure of oxygen in arterial blood, and re-
duced blood oxygen saturation. Therefore, on the seventh
day of hospitalization, the patient had to be intubated and
subjected to mechanical ventilation measures. As expected,
in the laboratory biochemical analyses, an increase in the
values of hepatic enzymes and ammonia concentration was
observed, which is why this deterioration of the state of con-
sciousness can be characterized as a consequence of hepatic
encephalopathy. Furthermore, all biochemical parameters,
which indicate the quality of the synthetic role of the liver,
show a transient drop in values from the seventh day, which
remains for the next few days. Due to the deterioration of the
condition, it was decided to repeat the SPAD on the eighth,
ninth, and tenth day.

Following these procedures, there was an improvement
in the general condition, as well as in the values of the moni-

Jovanovi¢ D, et al. Vojnosanit Pregl 2025; 82(9): 597—603.

tored biochemical parameters. After eight days, the patient
was weaned from mechanical ventilation, with spontaneous
breathing, and his respiratory parameters were within physio-
logical limits. Since confusion and disorientation continued
occasionally, therapy for hepatic encephalopathy aimed at
fixing free ammonia (lactulose, Hepa-Merz®, and Normix®)
was continued for the next ten days after consulting a gastro-
enterologist.

From the second to the fourth day, the patient devel-
oped manifest gastrointestinal bleeding, presenting as hema-
temesis and hematochezia. The condition was treated con-
servatively with proton pump inhibitors and procoagulant
drugs, along with the replacement of blood and blood prod-
ucts. The assumption is that the bleeding has occurred pri-
marily due to a reduced synthetic function of the liver, and
due to the risk of invasiveness of the procedure itself and the
creation of major bleeding, the endoscopic procedure was
not indicated.

In the further course of treatment, the clinical condi-
tion stabilized, and the liver and kidney function parame-
ters normalized. Physical therapy was initiated, first with
exercises performed in bed, followed by verticalization of
the patient.
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The entire treatment of this patient, except for the dura-
tion of the SPAD procedure, was carried out at the ICU of the
Clinic for Emergency and Clinical Toxicology and involved a
multidisciplinary approach by doctors of various specialties.

Discussion

Poisoning with amatoxin, the dominant toxin of the mush-
room A. phalloides, has a high mortality rate, and the primary
cause of this is liver lesions, which occur in large numbers of
patients poisoned by this toxin 8. The degree of survival is cor-
related with the degree of liver damage, the ability of the re-
maining part of the liver to regenerate, and the degree of ex-
pression of complications that may develop during intoxication.
As already mentioned, an effective antidote for this toxin has
not yet been identified, so the treatment strategy is based on
symptomatic and supportive therapy. In the initial phase of
treatment, according to existing recommendations, silibinin and
N-acetylcysteine were used. However, analyses and studies re-
vealed that these treatments did not yield the expected results,
and the mortality rate remained high °. Symptomatic and sup-
portive therapy was represented in the treatment, primarily
through aggressive hydration and forced diuresis, electrolyte
replacement, and, due to gastrointestinal bleeding, the patient
received replacement blood and blood derivatives.

Following the existing protocol for the treatment of this
type of intoxication, the patient underwent plasmapheresis as
a type of extracorporeal blood purification technique 2%
Plasmapheresis as a method involves taking venous blood,
separating plasma from blood cells (by centrifugation or
membrane filtration), and reinfusing blood cells with autolo-
gous plasma or an adequate substitute (most often 5% albu-
min solution or fresh frozen plasma). Although plasmaphere-
sis is often used in various intoxications, clear evidence of
the benefit of this procedure in mushroom intoxication is still
lacking 22. Additional difficulties in analyzing the success of
the procedure exist because plasmapheresis is rarely used
alone in the treatment of intoxication, but is almost always
combined with the use of antidotes or some other type of ex-
tracorporeal filtration such as hemodialysis. Plasmapheresis
reduces the concentration of amatoxin in the blood by re-
moving the toxin bound to the plasma protein. The results
obtained in the filtration of toxins by plasmapheresis are best
when the toxin does not have a fast metabolism, when it has
a high affinity for protein as well as a small volume of distri-
bution. Since amatoxin metabolizes very quickly, the role of
plasmapheresis in the treatment of amatoxin intoxication is
debatable. Study results are conflicting, with some suggest-
ing an effect on mortality and others finding no impact 2,

For the first time in our institution, and according to the
available data from the literature, most likely for the first
time in our country, SPAD was applied to this patient in the
treatment of conditions caused by amanitin intoxication, i.e.,
mushroom poisoning.

Based on the laboratory results (elevated ammonia and
liver enzyme levels in the blood) and the clinical picture, it
was concluded that the patient had developed signs of hepatic
insufficiency and encephalopathy. These were manifested by

deterioration of consciousness and, consequently, impairment
of other vital functions, especially breathing and hemodynam-
ics. Therefore, the decision was made to treat the patient with
SPAD as a form of extracorporeal support of liver function.
Furthermore, this method supported the function of the kid-
neys, since the clinical picture was characterized by oliguria.
Previous experiences in the application of different types of
extracorporeal filtration in liver failure of various etiologies
point out that albumin dialysis has given good results in sup-
porting, above all, the detoxification role of the liver *. SPAD
was applied to the patient on the fourth and fifth day of treat-
ment in our institution, after which there was an improvement
in both the clinical picture and the monitored values of bio-
chemical parameters, primarily liver function. The improve-
ment was only temporary. After the patient’s condition wors-
ened again—primarily with deterioration of consciousness and
respiratory function—biochemical parameters also indicated
impaired detoxification and synthetic function of the liver. For
this reason, SPAD had to be repeated three more times, on the
eighth, ninth, and tenth day of hospitalization. After these
treatments, a definite improvement in the patient’s condition
was observed.

Obviously, it is necessary to have more experience and
perform more procedures to reach the correct recommenda-
tion on when to include extracorporeal filtration in the treat-
ment of these patients, as well as the extent and type of this
procedure that is best for the patient. Besides, this is the first
patient who had a severe clinical picture of hepatic encepha-
lopathy with a consequent disturbance of the state of con-
sciousness as well as the need for mechanical ventilation for
adequate respiratory exchange, for whom no fatal outcome
was recorded in the end. The assumption is that one of the
reasons for this is the decision to include the support of he-
patic function with extracorporeal circulation in the treat-
ment for the first time. Further experiences will show the
credibility of this assumption as well as determine the right
place and the right way to include albumin dialysis as an ex-
tracorporeal type of liver function support, which is particu-
larly compromised in patients intoxicated by mushrooms.

Conclusion

Based on the available data from the professional litera-
ture, it can be noted that the pathophysiology of amanitin
syndrome in alimentary intoxication with mushrooms has not
yet been sufficiently studied and explained. This fact may al-
so be a partial explanation for the continued absence of an
effective antidote in the treatment of amanitin syndrome.
Therefore, the treatment of this syndrome is a constant chal-
lenge primarily for toxicologists, but also for anesthesiolo-
gists-intensivists, nephrologists, and gastroenterologists-
hepatologists. In that regard, until a specific and effective an-
tidote for mushroom toxins, especially amanitin, becomes
available to modern medicine, albumin dialysis can serve as
a useful supportive measure. It is particularly valuable in the
advanced stages of intoxication when the clinical picture in-
cludes symptoms and signs of hepatic insufficiency, and also
for intoxicated patients with renal insufficiency.

Jovanovi¢ D, et al. Vojnosanit Pregl 2025; 82(9): 597—603.
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Introduction

The lack of appropriate human donor corneas from
enucleated pathologic living human eyes was pointed out by
Arthur von Hippel as early as 1878: “Unfortunately, until re-
cently, | was unable to find simultaneously both an eye suit-
able for keratoplasty, and the other, with a clear cornea, in-
tended for enucleation. The conditions are not as favorable
elsewhere as in London, where a colossal amount of material
is concentrated in the hands of a few surgeons” *.

The donor material from stillborn infants was also
scarce. Among thirty cases of keratoplasty presented by
Fuchs in 1894, only four corneas were obtained from this
source 2.

First of the milestones along the road leading to the so-
lution to this problem was Magitot’s experimentation during
1911 and 1912 which resulted in three achievements: a me-
dium of hemolyzed blood for tissue preservation, a success-
ful transplantation of a living human donor cornea after be-
ing kept in such a fluid, and a retained transparency of that
transplant during a long follow-up 3. The next milestone was
the result of the steadfast work of Vladimir Filatov of Odes-
sa, who sought a massive source of donor corneas as an an-
swer to the growing need for sight restoration, and found it in
cadavers. Obviously inspired by Magitot’s results of tissue
preservation 3, Elschnig’s large series of penetrating kerato-
plasties 4, and encouraged by simultaneous attempts at ca-
daver blood transfusion 57, Filatov and his associates per-
formed 455 keratoplasties from 1922 to 1938, out of which
they made use of the preserved cadaver donor corneas in 264

cases 8. Such a convincing number influenced legislators to
facilitate the process of organ and tissue donation and con-
ceived the foundation of eye banks by Paton, McLean and
Brackinridge in the following decade  °.

Filatov’s achievement was followed by Zdravko
Nizeti¢, who performed the first keratoplasty in Yugoslavia
in 1933 and made a series of 90 transplantations during the
following six years, with 88.2% of cadaver donor corneal
transplantations out of 51 keratoplasties performed from
1937 to 1939 L. This pioneering work secured him a place in
the history of ophthalmology > 2,

The purpose of this paper was to find out whether the
report presented by Nizeti¢ at the meeting of the German
Ophthalmological Society in Heidelberg on August 6,
1934 1 was the first announcement of a successful use of
cadaver cornea as a material for transplantation in Western
Europe.

Sources

The timeline of events leading to the successful use of
corneas from deceased adult human donors as a material for
transplantation was documented in the memoirs of Zdravko
Nizeti¢, as well as in editions of the daily newspaper Vreme,
which covered this topic during 1933 and 1934. The mem-
oirs offer insight into the life and deeds of Zdravko Nizeti¢
in the form of sixty handwritten pages covering the period
from June 7, 1919, to April 6, 1941. They were found in the
personal archive of Dr. Ljiljana Marjanovi¢ (born Nizetic),
and published in 2010 5. The Vreme newspaper, founded on
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the initiative of King Alexander | as a competitor to Politi-
ka6, regularly reported on progress in medicine.

The statements from these sources were considered
subjective. They were, therefore, compared to such objective
sources as the Report from the Meeting in Heidelberg %, and
scientific papers and books written by Filatov, Nizeti¢, and
other authors 81112,

Memories of the first keratoplasty

Nizeti¢ remembers in his memoirs: “...Five years later,
| began to publish again, and one of my papers appeared in
the leading German ophthalmology journal, Klinische
Monatsblatter fir Augenheilkunde, in 1933. Also, my wishes
were fulfilled, and my attempts at corneal transplantation
were realized at that time. | often thought of this operation
while | worked in Ni§, but it was impossible to find both a
donor and a recipient simultaneously... One day, the news-
paper Vreme reported on a successful transplantation of a ca-
daver eye by a Russian scientist, Filatov.” 15,

Indeed, a short note entitled “Blind men regain vision
after transplantation of the optic nerve” appeared in Vreme
on February 13, 1933. The whole text reads: “Warsaw, Feb-
ruary 12. At the medical society session in Moscow, Profes-
sor Filatov presented a whole range of previously blind peo-
ple who regained vision after undergoing transplantation of
the optic nerve. The success of the Russian physician is all
the greater because he operated on people who had been
blind for many years 1’ (Figure 1).
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Fig. 1 — News about Vladimir Filatov’s success published
in Vreme on February 13, 1933.

It was hidden on page 7, between other curiosities from the
world, such as “A lion eating in a restaurant,” “Two swimmers
devoured by a shark,” and “A fight with axes and pistols” ’.

Obviously puzzled by the news, Nizeti¢ continues: “I
started to think about it, knowing that the transplantation of
the whole eye was impossible. A tormenting idea immediate-
ly came to my mind that these might have been cases of cor-
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neal grafting, and I decided to try it. Both Professor Sahovi¢
and Professor Milovanovi¢ were ready to make the material
available to me” %°.

It is hard to know exactly how many patients Filatov
presented at the session mentioned in Vreme. One can only
guess that it was a series of 95 keratoplasties, or a part of it,
which were about to appear in his later publications. The
number of recipients of preserved cadaver donor corneas
must have been much smaller, as he began applying this
method in May 1931 8. Moreover, his follow-up usually
lasted for over a year.

Nizeti¢, on the other hand, probably counted on cadaver
corneas from the beginning, at least in some cases. This state-
ment is supported by his saying that both the head of patholo-
gy and the head of forensic medicine were ready to make “the
material” available to him, and what else could that material
be but cadaver corneas? On an unknown date in 1933, he per-
formed his first keratoplasty and left a poetic description of his
endless happiness on the first postoperative day, “when the
graft appeared shining like a drop of oil” 5. At that time, he
was the chief of the Eye Department of the State General Hos-
pital in Belgrade, Yugoslavia, by decree of His Majesty King
Alexander | (No. 15302) issued on August 15, 1932 5,

The first in Europe?

Nizeti¢ soon reached tremolo with his pace of transplan-
tations and publications. His modification of Filatov’s tech-
nique of keratoplasty appeared in a respectable German jour-
nal of ophthalmology at the beginning of 1934 °, although
Filatov did not consider it a novelty . Seven months later, he
attended the 50" Congress of German Society of Ophthal-
mology in Heidelberg, where he “was able to present a case
of a successful corneal transplantation with the material from
cadaver, performed in Europe, in fact on the continent outside
the Soviet Union, as Filatov’s work had been strictly within
the borders of Russia and unknown to Europe” *°.

Reading the names of the speakers at the afternoon ses-
sion of this congress, held on August 6, 1934, is like reading
a textbook of ophthalmology full of eponyms: Thiel,
Comberg, Eugen von Hippel, Arruga, Meesmann, Wessely,
Junius, Bicklers, Franceschetti, Marchesani, Bielschowsky.
Among those few without such an aura, one finds Zdravko
Nizeti¢ from Belgrade, Yugoslavia. His oral presentation
“Keratoplasty with a corneal material taken from a cadaver
eye” was a case report of a cosmetic keratoplasty for unilat-
eral adherent leucoma after scarlet fever in a fifteen-year-old
girl, with a clear transplant after a four-month follow-up. The
donor was a girl who had died 20 hrs earlier. In addition,
Nizeti¢ mentioned two recent keratoplasties with a follow-up
of only two weeks, where the donor corneas had been taken
16 hrs post mortem from a three-year-old child who had died
from enteritis . He used his own modification of Filatov’s
technique, with a temporary conjunctival flap over the graft
and the lens protection with a knife inserted into the anterior
chamber before trephination *,

The printed version of his presentation at this meeting
has 109 lines of text. It took Nizeti¢ 40 lines to report his



Page 606

VOJNOSANITETSKI PREGLED

Vol. 82, No. 9

cases, while almost the same space, 36 lines, was needed for
the description of Filatov’s results of 96 cases of the cadaver
cornea transplantations, two of them with a long (9-13
months) follow-up. The rest was spent on the introduction
and conclusion, which ends with the statement that the re-
sults presented by both Filatov and Nizeti¢ indicated that ca-
daver corneas were suitable for transplantation 4,

Was this presentation novel to Western Europe, as
suggested by Nizeti¢ in his memoirs? His statement looks
rather clumsy because he clearly avoids the word “first”,
either because he was aware of the previous occasional at-
tempts at cadaver cornea transplantation, or because he was
trying not to sound presumptuous °. Indeed, Filatov listed
those who published abroad, such as Fuchs and Magitot,
alongside Shimanovsky, Saveliev, and Komarovich, whose
papers appeared in Russian, as authors who had already
tried keratoplasty using material taken from cadavers. All
their occasional cases ended in failure, except for one re-
ported by Magitot, who had used a cornea from an em-
bryo ?°. On the other hand, NiZeti¢ successfully used the
cornea of a deceased adult donor to obtain a clear graft in a
cosmetic keratoplasty, with a rather short, four-month fol-
low-up *°.

Was Filatov’s work really unknown to Europe at that
moment? At least five of his papers on corneal transplanta-

tion were published in German journals from 1924 to 1933,
and many of his reports in Russian appeared abroad as re-
views from the foreign literature ** 2, Therefore, his work on
keratoplasty with a graft from a living donor was well
known. However, his first paper on cadaver cornea as a ma-
terial for transplantation published abroad was the one which
appeared in a French journal in September 1934 2!, one
month after NiZeti¢ had presented his case in Heidelberg 4,
Further, Filatov’s most cited reports on his large series of pa-
tients treated in this way are those published in the Archives
of Ophthalmology in 1935 2 and in the Lancet in 1937 ¢, a
year and four years later. Therefore, it seems that Nizeti¢’s
statement was true — he really had the advantage of one
month over the first subsequent communication on that mat-
ter published in the West.

On the other hand, how could he write an extensive de-
scription of Filatov’s experience with this method in the in-
troduction of his presentation at Heidelberg if it was un-
known in Europe? The answer to this question may be found
both in his memoirs ° and the newspaper Vreme %,

On May 5, 1934, journalist Radmilo Milenkovi¢ pub-
lished a long interview with Dr. Nizeti¢ in Vreme. lts title,
“In Belgrade, surgeons will soon treat blind people by trans-
ferring eyes from — a dead person” 3, was a promise of a gi-
ant step forward (Figure 2).
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Fig. 2 — Interview with Zdravko Nizeti¢ in Vreme, May 5, 1934.
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One single sentence from this interview gave us a clue
for the solution of our puzzle: “A clarification... was given
to us by Dr. Nizeti¢, who has been in continuous contact
with the famous Russian Professor Dr. Filatov from Odessa
since the day when the news about transplantation of the eye
appeared in Vreme %.” This means that NiZeti¢ contacted
Filatov soon after February 13, 1933.

Now, when the date has been established, one needs to
know about the content of their correspondence, and goes
back to the memoirs to find out that “... in those years, |
used to frequent the University Hospital in Munich almost
yearly, and visit its rich library. | wrote to Filatov from there,
and we started a continuous correspondence. He sent me all
his papers, and 1 sent him mine” %,

Among these papers of Filatov’s must have been the
progenitor of all his later scientific communications, “Ca-
daver cornea as a material for keratoplasty,” from the Soviet
Vestnik of Ophthalmology, published at the beginning of
1934 24, Nizeti¢ was obviously acquainted with it at the time
of his interview, May 5, 1934, when he said: “The success of
Dr. Filatov from Odessa lies in the fact that his astonishing
experiments, completed and published at the beginning of
this year, proved that keratoplasty could be done with a graft
taken from — a corpse!” %,

Therefore, we may conclude that Nizeti¢, while present-
ing his own work, was the first European promoter and fol-
lower of Filatov’s ideas and surgical technique of cadaver
cornea transplantation, shown in a large series of successful
cases. The promotion of both the pupil and the distant men-
tor reached its peak in May 1935, when NiZeti¢ received an
invitation from the University Clinic in Munich, to perform a
keratoplasty, which he did “in front of two professors and all
doctors, after obtaining the tissue for transplantation from a
deceased adult female donor in Schwabing Hospital
morgue” *® (Schwabing is a borough of Munich, author’s re-
mark). The statement of European priority in publication on
cadaver cornea transplantation, no matter how much true
sensu stricto, would seem presumptuous had Nizeti¢ ever
missed the opportunity to mention his role model even at the
height of his career 1.

The timeline of discoveries, their practical applications,
and publications that originated in minds and hands of Fila-
tov and Nizeti¢ have, at least in part, been influenced not on-
ly by the course of history of medicine and socio-economic
regeneration after the war and revolution, but also by person-
al virtues and events from biographies of these two outstand-
ing figures, as shown in the following croquis.

Nizeti¢ and Filatov as antipodes

All that Nizeti¢ is famous for has been created by a
burst of his activity during a period of six years. It took
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him just eighteen months to grasp a new idea from a
newspaper notice and to turn it into a capital presentation
of a new approach to transplantation . On the other
hand, Filatov’s inventive work continued steadily for dec-
ades, some years being more productive and more suc-
cessful than others, with a painstaking refinement of de-
tails, and a long follow-up 2. NiZeti¢ was a cosmopolitan
and a man of the 20" century, somewhat hectic and eager
attendant of congresses abroad, while Filatov had reached
his adulthood in the 19" century and was more rooted in
his homeland and Orthodox religion. Both of them had an
excellent medical education, but they lived in different
social environments and had different abilities to adapt to
their milieu. Both of them were imprisoned, one in Aus-
tria for sympathizing the nationalist Slavic movement at
the beginning of World War |, the other during Stalin’s
purges; both witnessed building of their institutes de no-
vo, but with different luck in running them: Nizeti¢ was
replaced, and Filatov remained at his position for life,
even after a relocation of the Institute to the trans-Urals
city of Tashkent during World War 11 %,

Highly decorated academician Filatov lived to his old
days with honors and left a myriad of famous pupils and
followers 2°. Nizeti¢ got his professorship in Zagreb in
1947, the last year of his short life 5. His only follower, Dr.
Dorde Luki¢, left Belgrade for South America soon after-
ward (personal communication with professors Z.
Kecmanovi¢ and S. Dergenc). Patients who needed kerato-
plasty were sent from Yugoslavia to Odessa, where master-
ful surgical skills and human comfort were offered by Dr.
Filatov . The art of corneal transplantation returned to
Belgrade more than a decade later, after a new generation
of ophthalmologists had arrived from their observerships in
France under Paufique in Lyon, and under Sourdille in
Nantes. Together, they performed 15 keratoplasties per
year, equaling the number set by Nizeti¢ almost thirty years
before 6.

Conclusion

The case of cadaver cornea transplantation per-
formed by Zdravko Nizeti¢ and presented by him at the Con-
gress of the German Ophthalmological Society in Heidelberg
in 1934 has been mentioned in our literature on the history of
ophthalmology in Serbia only as a title. Our paper uses the
report from this meeting to describe his presentation in detail
and to determine the time sequence of its appearance by
comparison to the dates of publication of Filatov’s papers. It
can be safely concluded that Nizeti¢ was the first in Western
Europe to promote the successful transplantation of the cor-
nea taken from an adult deceased person with the use of Fila-
tov’s method.
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INSTRUCTIONS TO THE AUTHORS

The Vojnosanitetski  pregled (VSP) is an Open Access Journal.
All  articles can be downloaded free from the web-site
(https:/Aww.vsp.mod.gov.rs) with the use of license: the Creative Commons — At-
tribution-ShareAlike  (CC BY-SA) (http://creativecommons.org/licenses/by-as/4.0/).

The VSP publishes only papers not published before, nor submitted to any other jour-
nals, in the order determined by the Editorial Board. Any attempted plagiarism or self-
plagiarism will be punished. When submitting a paper to the VVSP electronic editing sys-
tem (http://aseestant.ceon.rs/index.php), the following should be enclosed: a statement
on meeting any technical requirements, a statement signed by all the authors that the pa-
per on the whole and/or partly has not been submitted nor accepted for publication else-
where, a statement specifying the actual contribution of each author, no conflict of inter-
est statement that make them responsible for meeting any requirements set. What follows
subsequently is the acceptance of a paper for further editing procedure. The manuscripts
submitted to the V'SP pass in-house and external peer review. All authors pay “Avrticle
Processing Charge” for coverage all editing and publishing expenses. Domestic authors
pay 5,000 RSD, and those from aboard 150 euros. The editing and publishing fee is re-
quired for substantive editing, facts and references validations, copy editing, and publish-
ing online and in print by editorial staff of the Journal. No additional fees, other than stat-
ed above, are required even if an author who already paid the fee would have more arti-
cles accepted for publishing in the year when fee was paid. All authors who pay this fee
may, if want, receive printed version of the Journal in year when fee is payed. Please note
that the payment of this charge does not guarantee acceptance of the manuscript for pub-
lication and does not influence the outcome of the review procedure. The requirement
about paying “Avrticle Processing Charge” does not apply to reviewers, members of the
Editorial Board and the Publisher’s Council of the Journal, young researchers and stu-
dents, as well as any of the subscribers of the Journal.

The VSP publishes: editorials, original articles, short communications, re-
views/meta-analyses, case reports, medical history (general or military), personal
views, invited comments, letters to the editor, reports from scientific meetings, book
reviews, and other. Original articles, short communications, meta-analyses and case
reports are published with abstracts in both English and Serbian.

General review papers will be accepted by the Editorial Board only if the au-
thors prove themselves as the experts in the fields they write on by citing not less
than 5 self-citations.

The Vojnosanitetski pregled journal fully complies with section 11.A.4 of the
ICMJE recommendations (update January 2025, https://www.icmje.org/icmje-
recommendations.pdf), which describes authors’ responsibilities and journal re-
quirements regarding the use of artificial intelligence (Al)-assisted technologies in
manuscript preparation.

Vojnosanitetski pregled adopts the following ICMJE recommendations on Al-
assisted technologies in scientific publications:

« Chatbots cannot be authors;

« Authors should be transparent when Al-assisted technologies are used and
provide information about how they were used;

« Authors are responsible for the work performed by Al-assisted technologies in
their paper (including the accuracy of what is presented and the absence of plagia-
rism) and for appropriate attribution of all sources (including the material produced
by the Al-assisted technologies).

Papers should be written on IBM-compatible PC, using 12 pt font, and double spacing,
with at least 4 cm left margin. Bold and italic letters should be avoided as reserved for sub-
titles. Original articles, reviews, meta-analyses and articles from medical history should not
exceed 16 pages; current topics 10; case reports 6; short communications 5; letters to the
editor and comments 3, and reports on scientific meetings and book reviews 2.

All measurements should be reported in the metric system of the Interna-
tional System of Units (SI), and the standard internationally accepted terms
(except for mmHg and °C).

MS Word for Windows (97, 2000, XP, 2003) is recommended for word pro-
cessing; other programs are to be used only exceptionally. Illustrations should be
made using standard Windows programs, Microsoft Office (Excel, Word
Graph). The use of colors and shading in graphs should be avoided.

Papers should be prepared in accordance with the Vancouver Convention.

Papers are reviewed anonymously by at least two editors and/or invited review-
ers. Remarks and suggestions are sent to the author for final composition. Galley
proofs are sent to the corresponding author for final agreement.

Preparation of manuscript

Parts of the manuscript are: Title page; Abstract with Key words; Text; Acknowl-
edgements (to the authors’ desire), References, Enclosures.

1. Title page

a) The title should be concise but informative, while subheadings should be
avoided;

b) Full names of the authors signed as follows: *, 1, 1, §, ||, T, **, tt, ....

c) Exact names and places of department(s) and institution(s) of affiliation
where the studies were performed, city and the state for any authors, clearly
marked by standard footnote signs;

d) Conclusion could be a separate chapter or the last paragraph of the discussion;
e) Data on the corresponding author.
2. Abstract and key words

The second page should carry a structured abstract (250-300 words for original
articles and meta-analyses) with the title of the article. In short, clear sentences the
authors should write the Background/Aim, major procedures — Methods (choice

of subjects or laboratory animals; methods for observation and analysis), the ob-
tained findings — Results (concrete data and their statistical significance), and the
Conclusion. It should emphasize new and important aspects of the study or obser-
vations. A structured abstract for case reports (up to 250 words) should contain
subtitles Introduction, Case report, Conclusion). Below the abstract Key words
should provide 3-10 key words or short phrases that indicate the topic of the article.

3. Text

The text of the articles includes: Introduction, Methods, Results, and Discus-
sion. Long articles may need subheadings within some sections to clarify their
content.

Introduction. After the introductory notes, the aim of the article should be stated in
brief (the reasons for the study or observation), only significant data from the literature,
but not extensive, detailed consideratuion of the subject, nor data or conclusions from the
work being reported.

Methods. The selection of study or experimental subjects (patients or experi-
mental animals, including controls) should be clearly described. The methods, ap-
paratus (manufacturer's name and address in parentheses), and procedures should
be identified in sufficient detail to allow other workers to reproduce the results. Al-
so, give references to established methods, including statistical methods. Identify
precisely all drugs and chemicals used, with generic name(s), dose(s), and route(s)
of administration. State the approval of the Ethnics Committee for the tests in hu-
mans and animals.

Results should be presented in logical sequence in the text, tables and illustra-
tions. Emphasize or summarize only important observations.

Discussion is to emphasize the new and significant aspects of the study and the
conclusions that result from them. Relate the observations to other relevant studies.
Link the conclusions with the goals of the study, but avoid unqualified statements
and conclusions not completely supported by your data.

References

References should be superscripted and numerated consecutively in the order of
their first mentioning within the text. All the authors should be listed, but if there are
more than 6 authors, give the first 6 followed by et al. Do not use abstracts, secondary
publications, oral communications, unpublished papers, official and classified docu-
ments. References to papers accepted but not yet published should be cited as ”in
press“. Information from manuscripts not yet accepted should be cited as “un-
published data“. Data from the Internet are cited with the date of citation.

Examples of references:

Jurhar-Pavlova M, Petlichkovski A, TrajkovD, Efinska-Mladenovska O, Arsov T,
Strezova A, et al. Influence of the elevated ambient temperature on immunoglobu-
lin G and immunoglobulin G subclasses in sera of Wistar rats. Vojnosanit Pregl
2003; 60(6): 657-612.

DiMaio VJ. Forensic Pathology. 2nd ed. Boca Raton: CRC Press; 2001.

Blinder MA. Anemia and Transfusion Therapy. In: Ahya NS, Flood K, Paranjothi S, edi-
tors. The Washington Manual of Medical Therapeutics, 30th edition. Boston: Lippincot,
Williams and Wilkins; 2001. p. 413-28.

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 ad-
visory 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

Tables

Each table should be typed double-spaced 1,5 on a separate sheet, numbered in
the order of their first citation in the text in the upper left corner and supplied with
a brief title each. Explanatory notes are printed under a table. Each table should be
mentioned in the text. If data from another source are used, acknowledge fully.

Illustrations

Any forms of graphic enclosures are considered to bi figures and should be
submitted as additional databases in the System of Assistent. Letters, numbers, and
symbols should be clear and uniform, of sufficient size that when reduced for pub-
lication, each item will still be legible. Each figure should have a label on its back
indicating the number of the figure, author's name, and top of the figure (Figure 1,
Figure 2 and so on). If a figure has been published, state the original source.

Legends for illustrations are typed on a separate page, with Arabic numbers cor-
responding to the illustrations. If used to identify parts of the illustrations, the
symbols, arrows, numbers, or letters should be identified and explained clearly in
the legend. Explain the method of staining in photomicrographs.

Abbreviations and acronyms

Authors are encouraged to use abbreviations and acronyms in the manuscript in
the following manner: abbreviations and acronyms must be defined the first time
they are used in the text consistently throughout the whole manuscript, tables, and
graphics; abbreviations should be used only for terms that appear more than three
times in text; abbreviations should be sparingly used.

An alphabetical list of all abbreviations used in the paper, followed by their full
definitions, should be provided on submission.

Detailed Instructions are available at the web site:
WWW.VSp.mod.gov.rs
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UPUTSTVO AUTORIMA

Vojnosanitetski pregled (VSP) je dostupan u reZzimu otvorenog pristupa.

lanci objavljeni u ¢asopisu mogu se besplatno preuzeti sa sajta Casopisa
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 odreduje uredivacki odbor. Svaki pokuSaj
plagijarizma ili autoplagijarizma kaZnjava se. Prilikom prijave rada u sistem
elektronskog uredivanja ,,Vojnosanitetskog pregleda“(http:/aseestant.ceon.rs
/index.php) neophodno je priloZiti izjavu da su ispunjeni svi postavljeni tehnicki zahtevi
ukljuéujuéi i izjavu koju potpisuju svi autori da rad nije ranije ni u celini, niti delimi¢no
objavljen niti prihvaéen za Stampanje u drugom cCasopisu. Izjavu o pojedinaénom
doprinosu svakog od autora rada potpisanu od svih autora, treba skenirati i poslati uz rad
kao dopunsku datoteku. Takode, autori su obavezni da dostave i potpisanu izjavu o
nepostojanju sukoba interesa ¢ime postaju odgovorni za ispunjavanje svih postavljenih
uslova. Ovome sledi odluka o prihvatanju za dalji uredivacki postupak. Rukopisi pristigli
u Redakeiju ¢asopisa podlezu internoj i eksternoj recenziji. Svi autori duzni su da plate
“Article Processing Charge” za pokri¢e troskova jezitke, strutne i tehnicke obrade
rukopisa, kao i njegovog objavljivanja. Domaci autori placaju iznos od 5 000 dinara, a
inostrani 150 eura. Dodatna placanja nisu predvidena ¢ak i u slu¢aju da autor koji je ve¢
prethodno platio trazeni iznos, ima viSe prihvacenih radova za objavljivanje u godini u
kojoj je izvrSio uplatu. Svi autori koji su platili “Avrticle Processing Charge” mogu,
ukoliko Zele, dobijati §tampanu verziju Casopisa tokom godine u kojoj je izvrSena uplata.
Plac¢anje ovog iznosa ne garantuje prihvatanje rukopisa za objavljivanje i ne utice na
ishod recenzije.

Od obaveze placanja pokrica navedenih troSkova oslobodeni su recenzenti, ¢lanovi
Uredivackog odbora i Izdavatkog saveta VSP, studenti i mladi istraZivaci, kao i
pretplatnici Casopisa.

U VSP-u se objavljuju uvodnici, originalni ¢€lanci, prethodna ili kratka
saopStenja, revijski radovi tipa opSteg pregleda (uz uslov da autori navodenjem
najmanje 5 autocitata potvrde da su eksperti u oblasti o kojoj piSu), aktuelne teme,
metaanalize, kazuistika, seminar prakti¢nog lekara, ¢lanci iz istorije medicine,
li¢ni stavovi, naruceni komentari, pisma urednistvu, izvestaji sa nau¢nih i struénih
skupova, prikazi knjiga i drugi prilozi. Radovi tipa originalnih ¢lanaka, prethodnih
ili kratkih saopStenja, metaanalize i kazuistike objavljuju se uz apstrakte na
srpskom i engleskom jeziku.

Casopis Vojnosanitetski pregled se u potpunosti pridrzava odeljka II.A.4
preporuka ICMJE (azurirano januara 2025, https://www.icmje.org/icmje-
recommendations.pdf), koji opisuje odgovornosti autora i zahteve ¢asopisa u vezi
sa koriS¢enjem tehnologija asistiranih veS§tackom inteligencijom (artificial
intelligence — All) u pripremi rukopisa.

Vojnosanitetski pregled usvaja sledece ICMJE preporuke o tehnologijama
asistiranih Al-om u nau¢nim publikacijama:

« Cetbotovi ne mogu biti autori;

« Autori treba da budu transparentni kada se koriste tehnologije asistirane
Al-om i da pruze informacije o tome kako su ih koristili;

« Autori su odgovorni za deo teksta napisan od strane tehnologije asistirane
Al-om u svom radu (ukljucujuéi tanost onoga $to je predstavljeno i odsustvo
plagijata) i za odgovarajuc¢e navodenje svih izvora (ukljuuju¢i materijal dobijen
kori§¢enjem tehnologija asistiranih AT-om).

Rukopis se piSe sa proredom 1,5 sa levom marginom od 4 cm. Koristiti font
veli¢ine 12, a nacelno izbegavati upotrebu bold i italic slova, koja su rezervisana za
podnaslove. Originalni €lanci, opsti pregledi i metaanalize i ¢lanci iz istorije medicine
ne smeju prelaziti 16 stranica (bez priloga); aktuelne teme — deset, seminar prakti¢nog
lekara — osam, kazuistika — 3est, prethodna saopStenja — pet, a komentari i pisma
uredniku — tri, izvestaji sa skupova i prikazi knjiga — dve stranice.

U celom radu obavezno je kori§¢enje medunarodnog sistema mera (SI) i
standardnih medunarodno prihvac¢enih termina (sem mm Hg i °C).

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

Radovi se pripremaju u skladu sa Vankuverskim dogovorom.

Prispeli radovi kao anonimni podlezu uredivackoj obradi i recenziji najmanje
dva urednika/recenzenta. Primedbe i sugestije urednika/recenzenata dostavljaju se
autoru radi kona¢nog oblikovanja. Pre objave, rad se upucuje autoru odredenom za
korespodenciju na kona¢nu saglasnost.

Priprema rada

Delovi rada su: naslovna strana, apstrakt sa kljuénim re¢ima, tekst rada,
zahvalnost (po Zelji), literatura, prilozi.

1. Naslovna strana

a) PoZeljno je da naslov bude kratak, jasan i informativan i da odgovara sadrZaju,
podnaslove izbegavati.
b) Ispisuju se puna imena i prezimena autora sa oznakama redom: *, t, 1, §, ||, 1,

ol

c) Navode se puni nazivi ustanove i organizacijske jedinice u kojima je rad
obavljen mesta i drzave za svakog autora, koriste¢i standardne znake za fusnote.

d) Zakljucak moze da bude posebno poglavlje ili se iznosi u poslednjem pasusu
diskusije.

e) Podaci o autoru za korespodenciju.

2. Apstrakt i kljucne reci

Na drugoj stranici nalazi se strukturisani apstrakt (250-300 re¢i za originalne
¢lanke i meta-analize) sa naslovom rada. Kratkim re¢enicama na srpskom i
engleskom jeziku iznosi se Uvod/Cilj rada, osnovne procedure — Metode (izbor
ispitanika ili laboratorijskih Zivotinja; metode posmatranja i analize), glavni
nalazi — Rezultati (konkretni podaci i njihova statisticka znaGajnost) i glavni
Zakljucak. Naglasiti nove i znacajne aspekte studije ili zapazanja. Strukturisani
apstrakt za kazuistiku (do 250 reci), sadrzi podnaslove Uvod, Prikaz bolesnika
i Zakljudak). Ispod apstrakta, ,Kljuéne re¢i sadrze 3-10 klju¢nih reéi ili
kratkih izraza koje ukazuju na sadrzinu ¢lanka.

3. Tekst ¢lanka

Tekst sadrzi sledec¢a poglavlja: uvod, metode, rezultate i diskusiju. Uvod.
Posle uvodnih napomena, navesti cilj rada. Ukratko izneti razloge za studiju ili
posmatranje. Navesti samo vazne podatke iz literature a ne opSirna razmatranja o
predmetu rada, kao ni podatke ili zakljucke iz rada o kome se izveStava.

Metode. Jasno opisati izbor metoda posmatranja ili eksperimentnih metoda
(ispitanici ili eksperimentne Zivotinje, ukljucuju¢i kontrolne). Identifikovati
metode, aparaturu (ime i adresa proizvodaa u zagradi) i proceduru, dovoljno
detaljno da se drugim autorima omoguci reprodukcija rezultata. Navesti podatke iz
primenjene lekove i hemikalije, uklju¢ujuc¢i genericko ime, doze i nagine davanja.
Za ispitivanja na ljudima i Zivotinjama navesti saglasnost nadleZnog etickog
komiteta.

Rezultate prikazati logi¢kim redosledom u tekstu, tabelama i ilustracijama. U
tekstu naglasiti ili sumirati samo znacajna zapaZzanja.

U diskusiji naglasiti nove i znacajne aspekte studije i izvedene zakljucke.
Posmatranja dovesti u vezu sa drugim relevantnim studijama, u nacelu iz poslednje
tri godine, a samo izuzetno i starijim. Povezati zakljucke sa ciljevima rada, ali
izbegavati nesumnjive tvrdnje i one zakljucke koje podaci iz rada ne podrzavaju 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 3est,
navodi se prvih Sest i et al. Svi podaci o citiranoj literaturi moraju biti tacni.
Literatura se u celini citira na engleskom jeziku, a iza naslova se navodi jezik
¢lanka u zagradi. Ne prihvata se citiranje apstrakata, sekundarnih publikacija,
usmenih saopstenja, neobjavljenih radova, sluzbenih i poverljivih dokumenata.
Radovi koji su prihvaceni za Stampu, ali jo§ nisu objavljeni, navode se uz do-
datak ,,u Stampi“. Rukopisi koji su predati, ali jo$ nisu prihvaceni za $tampu, u
tekstu se citiraju kao ,,neobjavljeni podaci“ (u zagradi). Podaci sa interneta
citiraju se uz navodenje datuma pristupa tim podacima.

Primeri referenci:

Durovié 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
udzbenike i nastavna sredstva; 2001. (Serbian)

Miadenovi¢ T, Kandolf L, Mijuskovié¢ ZP. Lasers in dermatology. In: Karadaglic
D, editor. Dermatology. Beograd: Vojnoizdavacki 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:/ww.nursingworld.org/AJN/2002/june/Wawatch.htm

Tabele

Sve tabele pripremaju se sa proredom 1,5 na posebnom listu. ObeleZavaju se
arapskim brojevima, redosledom pojavljivanja, u levom uglu (Tabela 1), a svakoj se daje
kratak naslov. Obja3njenja se daju u fus-noti, ne u zaglavlju. Svaka tabela mora da se
pomene u tekstu. Ako se Koriste tudi podaci, obavezno ih navesti kao i svaki drugi po-
datak iz literature.

lustracije

Slikama se zovu svi oblici grafi¢kih priloga i predaju se kao dopunske datoteke u sistemu
aseestant. Slova, brojevi i simboli treba da su jasni i ujednaceni, a dovoljne veli¢ine da
prilikom umanjivanja budu ¢itljivi. Slike treba da budu jasne i obelezene brojevima, onim re-
dom kojim se navode u tekstu (SI. 1; SI. 2 itd.). Ukoliko je slika ve¢ negde objavljena,
obavezno citirati izvor.

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

Skracenice i akronimi

Skracenice i akronimi u rukopisu treba da budu koriS¢eni na sledeci nacin: definisati
skracenice i akronime pri njihovom prvom pojavljivanju u tekstu i koristiti ih konzistentno
kroz ¢itav tekst, tabele i slike; koristiti ih samo za termine koji se pominju vise od tri puta u
tekstu; da bi se olaksalo ¢itaocu, skracenice i aktinome treba Stedljivo koristiti.

Abecedni popis svih skracenica i akronima sa obja$njenjima treba dostaviti pri
predaji rukopisa.

Detaljno uputstvo moZe se dobiti u redakciji ili na sajtu:

WWW.VSP.mod.gov.rs
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