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World Hand Hygiene Day is marked on May 5 and is
part of the World Health Organization (WHO) cam-
paign, which has been carried out for 18 years under the
title “Save lives: Clean your hands”. The aim of this
campaign is to raise awareness about the importance of
hand hygiene in healthcare. According to WHO esti-
mates, proper hand hygiene can prevent up to 50% of
healthcare-associated infections, which, apart from in-
creasing treatment costs, also contribute to the develop-
ment of antimicrobial resistance. This year’s World Hand
Hygiene Day slogan, “Action saves lives”, underscores
the importance of continuous education and consistent
implementation of hand hygiene in healthcare institu-
tions, as well as its integration into standard operating
procedures.

Svetski dan higijene ruku obeleZzava se 5. maja i deo je
kampanje Svetske zdravstvene organizacije (SZO), koja
se ve¢ 18 godina sprovodi pod nazivom ,Sacuvajte
zivote: Operite svoje ruke®. Cilj kampanje je podizanje
svesti o znacaju higijene ruku u zdravstvenoj zastiti.
Prema procenama SZO, pravilna higijena ruku moze
spreciti do 50% infekcija povezanih sa zdravstvenom
zastitom, koje, osim povecanja troskova lecenja,
doprinose 1 razvoju antimikrobne  rezistencije.
Ovogodisnji slogan svetskog dana higijene ruku ,,Akcija
spasava zivote® naglasava vaznost stalne edukacije i
dosledne primene higijene ruku u zdravstvenim ustano-
vama i njeno ukljucivanje u standardne procedure rada.
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Host immuno-inflammatory response and intravascular volume
replacement therapy in critically ill septic patients — are fluids a

double-edged sword?

Imunsko-inflamacijski odgovor domacina i terapija nadoknadom
intravaskularnog volumena kod kriti¢no obolelih sa sepsom — da 1i su te¢nosti

mac sa dve oStrice?

Dragan Djordjevi¢, Goran Rondovi¢, Ivo Udovici¢, Katarina Mladenovi¢,
SnjeZana Zeba

Military Medical Academy, Clinic for Anesthesiology and Intensive Therapy, Belgrade,
Serbia; University of Defence, Faculty of Medicine of the Military Medical Academy,
Belgrade, Serbia

Abstract

Intravascular volume replacement fluid therapy plays a
pivotal role in the treatment of patients in circulatory
shock. The interaction between various lines of therapy
and immune response in critically ill septic patients re-
mains a significant clinical challenge with no simple solu-
tion. Plasma expanders, crystalloids (such as physiological
saline, balanced Ringer’s lactate, and Plasma-Lyte solu-
tion), and human albumin solution—the only acceptable
colloid for critically ill patients—should be considered as
necessary potent drugs with significant adverse effects.
Sepsis is a very heterogeneous syndrome, with various
magnitudes and persistence of inflaimmatory responses.
Bearing in mind that the natural course of sepsis is highly
complex, with phases of hyperinflammation and immuno-
suppression often occurring simultaneously in different
locations, it is almost impossible to avoid the adverse ef-
fects of crystalloids, which are first-line intravascular vol-
ume-replacement solutions. Large-volume replacement

Apstrakt

Terapija nadoknade intravaskularnog volumena tecnostima
igra klju¢nu ulogu u lecenju bolesnika u cirkulatornom Soku.
Interakcija izmedu razlicitih vidova terapije i imunskog
odgovora kod kriti¢cno obolelih sa sepsom 1 dalje predstavlja
znacajan klinicki izazov bez jednostavnog resenja. Plazma
ekspandere, kristaloide (kao sto su fizioloski rastvor,
balansirani Ringer laktat i Plazma-Lyte rastvor) i rastvore
humanog albumina—jedinog prihvatljivog koloida za kriticno
obolele—treba smatrati neophodnim potentnim lekovima sa
znacajnim nezeljenim efektima. Sepsa je veoma heterogen
sindrom, sa razlicitom jacinom i trajanjem inflamacijskog

therapy or rapid intravenous fluid infusion may induce
shedding or partial denudation of the endothelial gly-
cocalyx, thereby propagating tissue injury, leukocyte and
platelet adhesion and activation. A compromised gly-
cocalyx leads to detrimental capillary leak syndrome in
sepsis. In clinical practice, serum albumin levels may indi-
cate the timing and need to administer intravenous human
albumin solution during fluid resuscitation when substan-
tial volumes of crystalloids are required. This is an exam-
ple of a “glycoprotective” fluid approach, with lower vol-
umes and slower crystalloid infusion rates. The complex
interaction among fluid therapy, the endothelium, the gly-
cocalyx, and immune mediators is pathophysiologically
relevant and very important for clinicians in therapeutic
approaches.

Keywords:

cell membrane; critical illness; drug-related side effects
and adverse reactions; infusions, intravenous; isotonic
solutions; sepsis.

odgovora. Imajuéi na umu da je prirodni tok sepse vtlo
slozen, sa fazama hiperinflamacije i imunosupresije koje se
cesto javljaju istovremeno u razlicitim delovima organizma,
skoro je nemoguce izbeéi nezeljene efekte kristaloida, koji
su terapija prve linije za nadoknadu intravaskularnog
volumena. Primena velikog volumena tec¢nosti ili brza
intravenska infuzija rastvora mogu izazvati osStecenje ili
parcijalni gubitak endotelnog glikokaliksa, ¢ime se podstice
ostecenje tkiva, adhezija i aktivacija leukocita i trombocita.
Osteceni glikokaliks dovodi do Stetnog sindroma kapilarnog
curenja kod sepse. U klinickoj praksi, nivoi serumskog
albumina mogu ukazati na vreme i potrebu uklju¢ivanja
intravenskog  rastvora  humanog  albumina  tokom

Correspondence to: Dragan Dordevic, Military Medical Academy, Clinic for Anesthesiology and Intensive Therapy, Crnotravska 17,

11 000 Belgrade, Serbia. E-mail: dragan2403@gmail.com
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reanimacije tecno¢$¢u kada su potrebni veéi volumeni
kristaloida. Ovo je primer ,glikoprotektivhog™ pristupa
nadoknadi te¢nostima, uz primenu manjih volumena i
sporije  brzine infuzije kristaloidnih rastvora. Slozena
interakcija izmedu primene te¢nosti, endotela, glikokaliksa i
imunskih medijatora je patofizioloski relevantan problem,

veoma vazan za klinicare u terapijskim pristupima.

Kljucne reci:

¢elija, membrana; kriti¢na stanja; lekovi, neZeljeni
efekti i neZeljene reakcije; infuzije, intravenske;
rastvori, izotoniCni; sepsa.

Introduction

Over the past two decades, there have been significant
advancements in our understanding of the complex patho-
genic underpinnings of sepsis. This idiosyncratic medical
condition, characterized as a dysregulated immune re-
sponse (Ir) to infection, has led to continuous revisions of
diagnostic criteria and management protocols, as well as
heightened awareness among clinicians. The global burden
of sepsis underscores the significance of the disease as a
crucial health issue and a predominant factor in mortality
and critical illness worldwide * 2,

Immune cells and mediators are the most important
components of the Ir, but remain insufficiently elucidated
to date * 4 The combination of conflicting pro-
inflammatory and anti-inflammatory signaling pathways
heavily contributes to increased mortality risk as a result of
multiple organ failure (MOF). Patients with sepsis typically
exhibit a transient pro-inflammatory phase, followed by
varying degrees of immunosuppression. The Ir in individu-
al sepsis patients with different types of bacteria in the ab-
dominal sepsis have different cytokine profiles * 8. Moreo-
ver, due to the complexity of the Ir, it is rather challenging
to determine independent predictors of lethal outcomes ear-
ly enough to optimize individual therapeutic approaches 7.
Interaction between various modalities of therapy and Ir in
patients with sepsis remains a significant challenge with no
simple solution °.

Fluid administration is a very important intervention
in the treatment of critically ill sepsis patients. The main
goal of this therapy is to restore circulatory blood volume,
expand venous return (VR), and ultimately support cardiac
function and maintain mean arterial pressure. The resusci-
tation fluids are broadly divided into two main categories:
crystalloid and colloid solutions. Crystalloids are catego-
rized into unbalanced solutions, such as normal (isotonic)
saline (0.9% sodium chloride — NaCl), and balanced (buff-
ered) solutions, including Ringer’s lactate, i.e., Hartmann’s
solution, and Plasma-Lyte. Colloid solutions are classified
as either natural (albumin) or synthetic (hydroxyethyl
starch — HES). The only allowed colloid solution in a criti-
cal care setting is human albumin °,

Pivotal role of intravascular volume in sepsis and
septic shock

Simplification of the pathophysiology of circulatory
shock leads to four basic types of this detrimental condi-
tion: hypovolemic, distributive, cardiogenic, and obstruc-
tive. Septic shock is distributive in nature. Intravascular

volume is functionally divided into unstressed and stressed
components. Approximately two-thirds of the entire intra-
vascular volume is unstressed volume, which does not exert
any pressure on the vascular walls. The remaining one-third
is stressed volume, which stretches the vessel walls and
generates the mean systemic filling pressure (Pmsf). Theo-
retically, Pmsf is the pressure in the entire circulatory sys-
tem when the heart stops (the total blood volume is about
5.5 L, but only 1.3-1.4 L is stressed volume) . Unstressed
volume serves as a reservoir that can be mobilized through
adrenergic stimulation.

At equilibrium, VR is equivalent to cardiac output
(CO). The rate of blood flow is determined by the pressure
difference between the veins and the right atrium, while the
cardiac pump function maintains the right atrial pressure
(RAP) at low levels. Thus, the heart maintains the pressure
gradient between the upstream Pmsf and the downstream
RAP. The VR directly depends on the pressure gradient be-
tween the downstream pressure (RAP) and the upstream
pressure (Pmsf), divided by the resistance to VR (RVTr) °.
Therefore, VR is defined by the following equation:
VR = (Pmsf — RAP)/RVT.

The normal value of Pmsf is approximately 7-8
mmHg and directly depends on circulatory volume and ve-
nous capacitance. In normal conditions in humans, RAP is
an equilibrium between the return function and cardiac
function, with a value of 0-2 mmHg. The RAP value is af-
fected by pleural pressure changes during spontaneous
breathing and especially during mechanical ventilation.
RVr depends on the vein diameter, and it is under direct
control of the adrenergic system °. Two main factors can
modify Pmsf. Fluid administration increases the first factor,
i.e., the volume of blood in large veins. The second is the
distensible venous reservoir, which can be altered by regu-
lating adrenergic tone (the administration of vasoactive
drugs) 2.

Central venous pressure (CVP) reflects RAP as well
as right ventricular filling pressure. Importantly, CVP re-
flects the backpressure on VR and, therefore, on organ per-
fusion. It is clinically important because high CVP reduces
mean organ perfusion pressure, which can be detrimental to
critically ill patients 3,

A large venous reservoir might be recruited during
acute circulatory failure, as explained before 4. The main
goal of venous expansion is to augment VR and CO in
these patients. However, only half of the patients respond
to fluid administration. New research indicates that it is al-
so a time-dependent process. In the case of “fluid respond-
ers”, where the Frank-Starling curve is steep, fluid expan-
sion increases Pmsf more than RAP does, and the pressure

Djordjevi¢ D, et al. Vojnosanit Pregl 2026; 83(5): 265-272.
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gradient also increases. The test is positive if the increase
in stroke volume or CO is 10-15%. CO is clinically ex-
pressed as cardiac index, with normal values being 2.5-3.5
L/min/m?. In the early phase of sepsis, there may be hyper-
dynamic circulation with a cardiac index > 4 L/min/m?, In
the case of “fluid non-responders”, where the Frank-
Starling curve is flat, volume expansion increases Pmsf, but
venous preload does not increase stroke volume. The in-
crease in end-diastolic ventricular pressure leads to a rise in
RAP. Thus, RAP and Pmsf values increase together while
their pressure gradient decreases. In this scenario, despite
fluid administration, CO will remain unchanged *°.

Fluid resuscitation and de-resuscitation are fundamen-
tal postulates in critical care medicine. Resuscitation strives
to restore sufficient tissue perfusion and oxygenation,
whereas de-resuscitation seeks to eliminate excess fluid to
avert consequences such as pulmonary edema, abdominal
compartment syndrome, and MOF 16,

Composition of frequently utilized crystalloids

Normal saline, considered a “normal and isotonic” or
“physiological” solution, is the most commonly used intra-
venous (i.v.) solution globally, as opposed to the 0.45%
NaCl, which is considered a hypotonic fluid. Normal saline
solution contains 154 mmol of both sodium and chloride
ions, but in an editorial published in 1970, it was neither
described as normal nor physiological 7. Moreover, it is
considered “unbalanced” due to a high concentration of
chloride ions 8 °,

The administration of chloride-rich solutions can lead
to hyperchloremic metabolic acidosis with a normal anion
gap. Animal studies have shown that high chloride content
causes constriction of the afferent arterioles and reduced
glomerular filtration rate through the tubulo-glomerular
feedback mechanism 2. A randomized controlled trial
comparing the use of “unbalanced” vs. “balanced” solu-
tions did not show worsening of renal function. However,
patients who received a larger volume of 0.9% saline had a
higher probability of developing acute kidney injury 2.

Moreover, high salt intake can lead to low urinary
output, peripheral and organ edema, including pulmonary
edema. Today, there is clear evidence that fluid overload is
an independent and poor prognostic factor in the treatment
of critically ill patients with sepsis. Hyperchloremic meta-
bolic acidosis may adversely affect the immune system
through the large production of pro-inflammatory cytokines
and oversynthesis of nitric oxide (NO) 2. It is considered
that the use of “balanced” or “buffered” solutions has min-
imal effect on the immune system and acid-base balance.
Furthermore, these solutions contain a low concentration of
chloride ions. Examples of these solutions include Ringer’s
lactate and Plasma-Lyte (which contains acetate and glu-
conate). Ringer’s lactate solution is slightly hypotonic
compared to plasma due to partial ionization of solutes in
balanced solutions %, Individual fluid effects are difficult to
delineate because i.v. fluid mixtures are commonly utilized
in clinical practice.
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Human albumin solutions — the only acceptable
colloids for critically ill patients

The main measure of treatment of hypovolemia in criti-
cally ill patients is i.v. administration of crystalloid or colloid
solutions. In sepsis, increased vascular permeability leads to
the leakage of serum albumin into the interstitial space. This
process contributes to the onset of hypoalbuminemia and
edema formation 24, Extensive evidence indicates that admin-
istration of human albumin reduces net fluid balance com-
pared to crystalloids, with a smaller volume of the adminis-
tered solution required for hemodynamic stabilization. The
effectiveness of albumin solution is better when the serum
albumin level is lower. In clinical practice, serum albumin
levels may indicate the timing and necessity of incorporating
human albumin into fluid resuscitation. There are different
albumin solutions in clinical use: hyper-oncotic (20% or
25%, for the treatment of hypoalbuminemia) and iso-oncotic
(4% or 5%, for the treatment of hypovolemia). Human albu-
min is the sole colloid solution that leads to an expansion of
intravascular volume and the elevation of plasma oncotic
pressure %,

Crystalloid and colloid solutions are often used together
in the treatment of hypovolemia. The duration of effect of
i.v. solutions on plasma volume expansion is essential for the
sustained enhancement of tissue perfusion. The duration de-
pends on the hydrostatic pressure value, the oncotic pressure
value, and the permeability of the vascular wall . Both in-
sufficient and excessive fluid administration can be detri-
mental; hence, all i.v. solutions are classified as medications.
Recent advancements have led to the development of “low-
volume resuscitation techniques” and the use of colloid solu-
tions for patients at risk of hypervolemia 2.

Colloid solutions (including synthetic HES, gelatin-
based colloids, and dextran) are contraindicated due to safety
concerns and insufficient efficacy. In 2022, the European
Medicines Agency — EMA, resolved to revoke the marketing
license for i.v. solutions containing HES 26, Human albumin
possesses an adequate safety profile, making it the sole rec-
ommended colloid solution for volume resuscitation. Bal-
anced crystalloids are the first-line option, with albumin ad-
vised as a secure adjunct when crystalloids are inadequate 2°.

General adverse effects of fluids

The essential question is then, where does the fluid go?
The patient received a bolus of i.v. fluid, but it was com-
pletely ineffective because there was no rise in CO. In this
scenario of fluid overload, systemic inflammatory responses
can be exacerbated, indicated by increased leukocyte adhe-
sion, capillary leakage, and interstitial edema formation,
which, in turn, can worsen the overall tissue oxygenation.
Sympathetic reaction is decreased, which is induced by low
CO. In addition, flow-dependent vasodilatation is reduced
due to arteriolar NO production ¥,

Sepsis is a very heterogeneous syndrome, with various
magnitudes and persistence of inflammatory responses, both
pro-inflammatory and anti-inflammatory. The complex in-
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terplay among fluids, the endothelium, the glycocalyx, and
immune mediators represents a clinically relevant challenge
for therapeutic approaches, because what might save one pa-
tient could harm another 3,

Components of the sepsis host response include the
immune system, endothelial dysfunction, and coagulopathy.
Endothelium should be viewed as an organ system for sever-
al reasons. It covers virtually all blood vessels (one cell
thick); there are 10% cells in total, and the weight is circa
1 kg. The endothelial surface is enormous, spanning around
4,000-7,000 m2, with substantial heterogeneity and diverse
biological functions, most notably immune recruitment and
barrier function. In critical illness, the endothelial phenotype
tends to be pro-coagulant. In general, pro-inflammatory cy-
tokines activate endothelial cells, which impair anticoagulant
mechanisms. On the other hand, activated monocytes over-
express tissue factor, which combines with tissue factor pre-
sent on microparticles. The formation of microvascular
thrombi is often detrimental 2, Adhesion molecules play a
critical role in mediating firm adhesion of leukocytes to en-
dothelial cells, followed by diapedesis and extravasation.
Therefore, there is a pro-adhesive endothelial phenotype in
critical illness 2.

For critically ill septic patients, another problem is al-
tered vasomotor tone with elevated levels of endothelial vas-
odilators (e.g., NO, prostacyclin) and depletion of endotheli-
al vasoconstrictors (e.g., endothelin, thromboxane A;). This
is the basis of vasoplegic septic shock. Disassembly of endo-
thelial cell junctions leads to interstitial edema through in-
creased vascular permeability and capillary leak %,

Loss of vascular integrity worsens the negative ef-
fects of crystalloids used for fluid resuscitation. The natural
course of sepsis is very complex, with phases of hyperin-
flammation and immunosuppression often occurring simul-
taneously in different locations *. It is almost impossible to
avoid the adverse effects of crystalloids, which are the first-
line solution in intravascular volume replacement therapy.

Volume expansion is one of the most important
measures in the treatment of severe acute pancreatitis. In this
condition, there is premature activation of digestive enzymes
in the pancreas itself and inflammation of peripancreatic fat
tissue. In addition, the pancreas secretes a large amount of
pro-inflammatory cytokines, resulting in overactive Ir and
systemic inflammatory response syndrome. Significant intra-
vascular fluid depletion results in a combination of hypovo-
lemic and distributive circulatory shock, ultimately leading
to multiple organ dysfunction syndrome. Although aggres-
sive i.v. fluid therapy offers distinct advantages, excessive
fluid administration in the context of severe acute pancreati-
tis can lead to the development of abdominal hypertension
and abdominal compartment syndrome 3,

A syndrome of globally increased permeability can
arise from the interplay between severe inflammation (lead-
ing to elevated capillary leak) and a positive fluid balance
(resulting in tissue edema), ultimately contributing to the de-
velopment of MOF. Consequently, it is essential to meticu-
lously tailor fluid therapy, as 1 in 5 patients has inadequate
i.v. fluid administration, according to the International Fluid

Academy. Moreover, i.v. fluids are administered to about
80% of hospitalized patients. As much as 33% of i.v. fluids
are classified as “creep fluids”. This term is used for the ap-
plication of fluids for other purposes (dissolving medica-
tions, flushing the system, etc.), which can lead to additional
fluid overload. Misuse of i.v. fluids contribute to acute kid-
ney injury, abdominal hypertension, and unnecessary inten-
sive care unit admissions. It is time to treat fluids like the
drugs they are, with the same care, stewardship, and preci-
sion 3,

The endothelial surface layer and glycocalyx in sepsis

Microvascular dysfunction in infection includes vasodi-
lation, increased procoagulant activity, elevated permeabil-
ity, and enhanced interactions between circulating cells and
endothelium. All these pathological processes can lead to
disease progression ¥. New findings indicate that changes in
microcirculation begin with damage to the endothelial gly-
cocalyx (EG) *¥, and that protecting this structure is im-
portant for preserving organ function *. The existing guide-
lines for the treatment of sepsis in adult patients do not spe-
cifically address glycocalyx damage “°; however, several
guidelines align with efforts to protect the glycocalyx ..

The endothelial surface layer (ESL) consists of the EG,
together with related chemical particles suspended in a plas-
ma layer. Aggressive administration of “clear” fluids (crys-
talloids) was previously considered essential to stabilize
macrohemodynamic parameters. Nonetheless, microcircula-
tion may not inherently derive advantages from this therapy.
Growing evidence suggests that large-volume fluid resuscita-
tion may adversely affect the endothelium by altering, de-
taching, or discarding the ESL. This structure acts as a pro-
tective barrier over the endothelium, and the loss or reduc-
tion of the ESL can induce tissue edema and inflammation 4,

The extracellular glycocalyx is a protective, gel-like
layer of carbohydrates, up to 3 um thick, located on the lu-
minal surface of the blood vessel, and serves as a crucial
component of cellular signaling and transvascular permeabil-
ity. It is composed of proteoglycans (proteins anchored to
endothelial cell membranes), glycosaminoglycans, and the
polysaccharide hyaluronan. High-molecular-weight polysac-
charides bind a large amount of water and associate with ad-
sorbed plasma proteins such as albumin and antithrombin 4,

The glycocalyx regulates blood flow, vascular tone,
permeability, coagulability, and inflammation. Furthermore,
it minimizes endothelial contact with leukocytes and plate-
lets. Glycoproteins contain adhesion molecules such as integ-
rins and selectins . In addition, they are crucial for leuko-
cyte trafficking during inflammation %; quite a few of their
activities are triggered only after the shedding or thinning of
the ESL. The integral part of the ESL consists of proteins,
including albumin and anticoagulants, and these proteins are
important for preserving the normal structure and permeabil-
ity of the ESL “. EG significantly influences alterations in
pressure and blood flow in blood vessels. Proteoglycans are
crucial in responding to alterations in vascular wall shear
stress or pressure 7. The identification of these mechanical
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stresses results in morphological alterations in endothelial
cells and the release of NO “8, Shear stress may induce a re-
location of proteoglycans or an increase in their expression
on the cell surface *. The shedding (loss of glycocalyx con-
stituents) or disruption of the ESL is a crucial process fol-
lowing tissue injury to promote leukocyte and platelet adhe-
sion *. The shedding of ESL is linked to intensified inflam-
mation and augmented vascular permeability.

A compromised glycocalyx leads to capillary leak syn-
drome in infection and sepsis, characterized by abnormal flu-
id transfer from the blood vessels to the interstitial space,
causing relative hypovolemia, tissue edema, and hypoperfu-
sion. The development of capillary leak syndrome is associ-
ated with longer stay in the intensive care unit and prolonged
use of vasoactive drugs ..

The heterogeneity of capillary blood flow may continue
in sepsis even when macrohemodynamic indicators, includ-
ing blood pressure and CO, are normalized 2. The release of
EG components into blood vessels may have downstream
implications. Shed components can act as damage-associated
molecular patterns or “alarmins”, which can further aggra-
vate inflammation. Soluble heparan sulfate molecules are
crucial in regulating inflammation, encompassing leukocyte
activation, amplifying cytokine production, and promoting
endothelial activation. The shedding of the ESL can be iden-
tified by many biomarkers, including syndecan-1, heparan
sulfate, and hyaluronan. The revealed temporal variations in
the release of these biomarkers in individuals with sepsis in-
dicate that hyaluronan levels rise early in therapy, while
syndecan-1 levels increase subsequently 554,

Specific effects of fluid therapy on endothelial
glycocalyx

In patients requiring volume expansion therapy, partial
or total damage to ESL has likely occurred already due to the
influence of inflammatory mediators . Considering that
modifications to the ESL may already be present in patients
with sepsis, there is increasing evidence that the application
of “clear” fluids may exacerbate ESL shedding. Numerous
clinical trials have established a correlation between the vol-
ume of the given fluid and concentrations of EG biomarkers
such as hyaluronan %2, syndecan %, and heparan sulfate 5.

The bolus fluid treatment may directly influence the
ESL through hemodilution and the synthesis of natriuretic
peptides. Consequently, there has been considerable interest
in the development of “glycoprotective” fluid approaches or
secondary treatments during the resuscitation phase. Fluid
administration is fundamental in the management of acute
circulatory failure, with certain exceptions, including cardio-
genic shock. This is typically accomplished by providing
substantial amounts (exceeding 20 mL/kg) of crystalloid flu-
id i.v. at a quick rate or as a bolus. That intervention is par-
ticularly useful in cases of hypovolemic shock; yet certain
types of shock exhibit vasodilation and changes in microcir-
culation. This encompasses shock states resulting from un-
controlled inflammation, including sepsis and severe trauma.
In the above-mentioned shock scenarios, enhancements in
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macrohemodynamic parameters (CO) may not correlate line-
arly with changes in microcirculation. This is especially im-
portant in the treatment of septic shock, where early vaso-
pressor administration and fluid bolus therapy are recom-
mended simultaneously %. In light of the absence of en-
hancement in microcirculation, it has been proposed that flu-
id expansion may exacerbate vasodilation. This may lead to
the failure of applied vasopressor therapy. A preliminary
clinical trial was conducted to assess the feasibility of early
restriction of crystalloid fluid therapy in sepsis, addressing
concerns that bolus fluids may be detrimental in such cas-
es . The degradation of the glycocalyx in sepsis is signifi-
cant due to thromboinflammation, and therapies for sepsis
and septic shock may worsen endotheliopathy by further
damaging the glycocalyx.

Glycocalyx damage, indicated by increased syndecan-1
levels, correlates with the fluid volume required for resusci-
tation 0. Hypotensive resuscitation, alongside reduced fluid
administration, correlates with a decreased mortality risk in
trauma patients ®%. A recent comprehensive review and meta-
analysis determined that reduced fluid amounts yield mini-
mal to no variation in all-cause mortality when compared
with standard therapy in adult patients with sepsis . Like-
wise, the research corroborates that reduced i.v. fluid
amounts yield minimal to no variation in severe adverse out-
comes. While consensus has yet to be reached on the optimal
volume, restricted i.v. fluid amounts demonstrate non-
inferiority. This is particularly applicable to critically ill sep-
tic patients with sufficient hemodynamic monitoring of fluid
responsiveness.

Another method to safeguard EG is by reducing the rate
of fluid infusion. The rapid fluid-delivery therapeutic regi-
men aims to rapidly improve macrocirculatory parameters.
Nonetheless, hemodynamic incoherence, characterized by a
detachment between macrocirculatory variables such as
blood pressure and CO and microcirculation, is a perilous
complication of circulatory shock % %, Considering the evi-
dence suggesting that rapid fluid administration (within 10
min) offers no advantage over slower fluid administration
(within 20-60 min) ® % larger clinical trials are warranted
to investigate the impact of fluid rate on microcirculation and
clinical outcomes. EG protection also involves selecting a
“clear” fluid type. The use of albumin solution offers ad-
vantages for the ESL compared to the exclusive use of
“clear” fluids. A recent prospective trial showed an ad-
vantage of using human albumin compared to normal saline
in sepsis patients with sustained peripheral hypoperfusion ¢’.
The endothelial coating by EG and its accompanying con-
stituents performs various activities in the body, both when
intact and when denuded. The infusion of substantial vol-
umes of fluid disrupts this barrier, potentially leading to tis-
sue edema and inflammation. Evidence suggests that slower
administration of fluids or limiting the volume of crystalloid
fluids may be advantageous for sepsis patients %,

ESL is the main element that affects the hydrostatic and
oncotic pressure difference between the capillaries and the
interstitial space . Volume expansion therapy does not gen-
erate the volume distribution anticipated by Starling’s origi-
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nal concept. Adsorbed plasma proteins and the high-
molecular-weight polysaccharides of the glycocalyx enhance
its stability, while albumin is the main factor of osmotic
pressure. The initial Starling principle asserts that intravascu-
lar volume comprises plasma and cellular components. The
amended Starling equation further includes glycocalyx vol-
ume. The primary Starling forces are the transcapillary pres-
sure gradient and the difference in the plasma-interstitial col-
loid osmotic pressure (COP). In the changed version, the dif-
ference is between the plasma and subglycocalyx COP, rather
than between the plasma and interstitial COP. A modification
of Starling that includes the glycocalyx model seems to more
accurately elucidate the clinical responses observed .
Vasoplegia, resulting in a refractory shock state, is
characterized by the extensive synthesis of NO and prosta-
glandin ™. In addition to fluid administration, early admin-
istration of vasoactive drugs is the primary strategy to re-
solve this condition. Martin et al. "> showed augmented gly-
cocalyx damage associated with the use of catecholamines in
an in vitro model. Exogenously applied glycocalyx compo-

nents, such as hyaluronan, might theoretically repair the gly-
cocalyx structure; however, there is currently no evidence
from animal models or clinical studies to support the efficacy
of this approach 7.

Sulodexide is a heparan sulfate analog that is impervi-
ous to heparanase breakdown. Researchers have documented
the safeguarding benefits of sulodexide in a murine sepsis
model ™ and in pediatric patients with septic shock. At pre-
sent, the current guidelines for the treatment of sepsis lack a
description of glycocalyx restoration > 76,

Conclusion

The optimal amount and speed of fluid administration
in critically ill sepsis patients is still a matter of debate. Bal-
anced crystalloids are the first-line option, with human al-
bumin recommended as a safe adjunct when the administra-
tion of crystalloid solutions is insufficient. Current studies
indicate simultaneous early vasopressor administration and
fluid bolus therapy.
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Cone-beam computed tomography—guided precise chemoembolization
for hypovascular hepatocellular carcinoma

Precizna hemoembolizacija hipovaskularnog hepatocelularnog karcinoma
vodena kompjuterizovanom tomografijom konusnog zraka

Chengzi Jun Sun, Jiahui Zhou

Tongxiang First People’s Hospital, Department of Gastroenterology, Tongxiang,
Zhejiang, China

Abstract

Background/Aim. Hypovascular hepatocellular
carcinoma (HCC) remains a therapeutic challenge owing to
its inadequate arterial supply and limited responsiveness to
standard transarterial chemoembolization (TACE). The
aim of this study was to assess the clinical efficacy and
safety of cone-beam computed tomography (CBCT) three-
dimensional (3D) imaging-guided precise TACE vs.
conventional digital subtraction angiography (DSA)-guided
TACE in the treatment of hypovascular HCC. Methods. A
retrospective study was performed on patients with
hypovascular HCC who underwent TACE at
our institution from January 2020 to December 2023.
Using propensity score matching (PSM) with a 1:1 ratio,
58 patients were allocated to each of the two groups: the
CBCT-guided precise TACE group (CBCT group) and the
conventional DSA-guided TACE group (DSA group).
Matching covariates included age, gender, Child-Pugh
grade, tumor size, and tumor number. Short-term efficacy,
long-term survival, and safety profiles were compared
between the two groups. Results. Three months after the
procedure, the CBCT group exhibited a markedly higher
objective response rate (63.79% vs. 36.21%) and disease
control rate (86.21% vs. 68.97%) compared to the DSA
group (p < 0.05). Regarding long-term survival, the CBCT

Apstrakt

Uvod/Cij. Hipovaskularni  hepatocelularni  karcinom
(bepatocellular carcinoma — HCC) 1 dalje predstavlja terapijski
izazov zbog nedovoljne arterijske vaskularizacije i slabog
odgovora na standardnu transarterijsku hemoembolizaciju
(transarterial chemoembolization — TACE). Cilj rada bio je da se
procene klini¢ka efikasnost i bezbednost precizne TACE
vodene trodimenzionalnim (3D) snimanjem pomocu
kompjuterizovane tomografije konusnog zraka (come-beam
computed tomography — CBCT) u odnosu na konvencionalnu
TACE vodenu digitalnom subtrakcionom angiografijom

group  exhibited  significantly  prolonged = median
progression-free survival (10.80 months vs. 7.10 months)
and a higher 1-year progression-free survival rate (65.52%
vs. 41.38%) compared to the DSA group (p < 0.05).
However, no statistically significant differences were
observed between the CBCT and DSA groups for median
overall survival (22.50 months vs. 19.10 months) or the 1-
year overall survival rate (81.03% vs. 72.41%) (p > 0.05).
The incidence of post-embolization syndrome and severe
complications (e.g., liver abscess, hepatic failure) did not
differ significantly across the groups (p > 0.05). Notably,
the elevation in alanine aminotransferase levels on the third
postoperative day was considerably lower in the CBCT
group than in the DSA group (p = 0.016). Conclusion.
CBCT 3D imaging-guided precise TACE significantly
enhances short-term  therapeutic efficacy, prolongs
progression-free  survival, and  provides  superior
hepatoprotection without increasing procedural risks,
establishing it as a safe and effective interventional
treatment option for hypovascular HCC.

Keywords:

angiography, digital subtraction; carcinoma,
hepatocellular; chemoembolization, therapeutic; cone-
beam computed tomography; imaging, three-
dimensional; treatment outcome.

(DSA) u lecenju hipovaskularnog HCC. Metode.
Retrospektivnom = studijom obuhvaéeni su oboleli od
hipovaskularnog HCC koji su bili podvrgnuti TACE
proceduri u nasoj ustanovi u periodu od januara 2020. do
decembra 2023. godine. Koris¢enjem metode uparivanja
na osnovu skora sklonosti (propensity score matching — PSM)
u odnosu 1: 1, po 58 bolesnika rasporedena su u svaku od
dve grupe: grupu precizne TACE vodene CBCT (grupa
CBCT) i grupu konvencionalne TACE vodene DSA
(grupa DSA). Kovarijate podudarnosti obuhvatile su
zivotno doba, pol, Child-Pugh stepen, velicinu i broj
tumora. Uporedeni su kratkoro¢na efikasnost, dugoroc¢no
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prezivljavanje i bezbednosni profil izmedu ove dve grupe.
Rezultati. Tri meseca nakon procedure, u grupi CBCT
zabeleZzene su znatno visa stopa objektivhog odgovora
(63,79% vs. 36,21%) i stopa kontrole bolesti (86,21% vs.
68,97%) u poredenju sa grupom DSA (p < 0,05). U pogledu
dugoro¢nog prezivljavanja, grupa CBCT imala je znacajno
duzu medijanu prezivljavanja bez progresije bolesti (10,80
meseci vs. 7,10 meseci) kao i viSu jednogodisnju stopu
prezivljavanja bez progresije bolesti (65,52% vs. 41,38%) u
poredenju sa grupom DSA (p < 0,05). Medutim, nisu
primecene statisticki znacajne razlike izmedu grupa CBCT i
DSA za medijanu ukupnog prezivljavanja (22,50 meseci vs.
19,10 meseci), niti za jednogodisnju stopu ukupnog
prezivljavanja (81,03% vs. 72,41%) (p > 0,05). Ucestalost
postembolizacijskog sindroma i teskih komplikacija (npr.
apsces jetre, insuficijencija jetre) nije se znacajno razlikovala

izmedu grupa (p > 0,05). Primeceno je da je porast nivoa
alanin aminotransferaze treCeg dana posle operacije bio
znatno nizi u grupi CBCT nego u grupi DSA (p = 0,010).
Zakljucak. Precizna TACE vodena 3D CBCT snimanjem
znacajno poboljsava kratkoro¢nu terapijsku efikasnost,
produzava prezivljavanje bez progresije bolesti i
obezbeduje bolju zastitu jetre bez poveéanja rizika od
procedure, ¢ime se potvrduje kao bezbedan i efikasan
interventni terapijski izbor za lecenje hipovaskularnog

HCC.

Kljucne reci:

angiografija, digitalna suptrakcija; karcinom,
hepatocelularni; hemoembolizacija, terapijska;
kompjuterizovana tomografija konusnog zraka;
snimanje, trodimenzionalno; leCenje, ishod.

Introduction

Primary liver cancer (LC) is among the most prevalent
malignant neoplasms globally, with consistently elevated
morbidity and  mortality rates . Transarterial
chemoembolization (TACE) is a critical palliative treatment
option for most patients with intermediate and advanced
stages of LC, forming the foundation of non-surgical
therapeutic strategies 2. However, LC exhibits profound
heterogeneity in both biological behavior and imaging
manifestations, among which hypovascular hepatocellular
carcinoma (HCC) presents a major clinical challenge in
treatment. Characterized by the absence of typical tumor
staining and abundant neovascularization on conventional
digital subtraction angiography (DSA), such tumors often
demonstrate arterial-phase enhancement equivalent to or
lower than that of the surrounding hepatic parenchyma?. The
inherent limitations of two-dimensional (2D) DSA imaging
hinder clinicians from accurately delineating the true tumor
boundaries, infiltration range, and tiny tumor-feeding
arteries *.  Consequently, conventional TACE procedures
entail considerable blindness, which is prone to incomplete
tumor embolization, residual lesions, and early postoperative
recurrence °. Meanwhile, the risk of liver function
impairment is heightened due to the potential embolization
of normal hepatic tissues by embolic agents ©. In recent
years, cone-beam computed tomography (CT) — CBCT
technology has emerged as a novel approach to address this
predicament 7. As a three-dimensional (3D) imaging
modality integrated into the DSA platform, CBCT enables
the rapid acquisition of thin-slice, high soft-tissue resolution
3D images analogous to those obtained via multi-detector CT
(MDCT) during interventional procedures 8. A clinical study
has demonstrated that CBCT imaging yields a significantly
higher detection rate for hepatic tumors—particularly for
small and hypovascular lesions—compared with conventional
DSA °. By fusing CBCT images with preoperative CT or
magnetic resonance imaging (MRI) data, clinicians can
accurately delineate tumor target volumes in 3D space and
clearly identify tumor-feeding vessels that are undetectable

on conventional DSA, thereby guiding microcatheter-based
superselective  catheterization and  embolization .
Theoretically, this “precision TACE” paradigm can optimize
embolization efficacy, improve treatment outcomes, and
maximize the preservation of liver function . Nevertheless,
systematic clinical research investigating the long-term
survival benefits and safety profile of CBCT-guided 3D
precision TACE in patients with hypovascular HCC remains
insufficient 2,

Based on these considerations, the aim of this study was
to conduct a propensity score-matched analysis comparing
the short-term efficacy, long-term survival, and safety of
CBCT-guided precise TACE vs. conventional DSA-guided
TACE in the treatment of hypovascular HCC. This study
sought to provide higher-level evidence-based medical
support for optimizing clinical interventional therapeutic
strategies for this carcinoma subtype.

Methods

The study was approved by the Ethics Committee of the
Tongxiang First People’s Hospital, Tongxiang, Zhejiang,
China (No. 2020/HCC/11/323, from December 20, 2019).
Given the retrospective nature of this analysis and the fact
that all patients had completed treatment and entered the
follow-up phase at the time of protocol approval, the
Institutional Review Board granted a waiver of informed
consent. The data collection period spanned from January
2020 to December 2023, with patient data from January 2020
to November 2020 included as historical control data. This
research performed a retrospective review of clinical data
from patients with HCC who obtained TACE at the
institution between January 2020 and December 2023,
utilizing the hospital’s medical record system.

The sum of 58 patients with hypovascular HCC who
received CBCT-guided precision TACE were initially
enrolled. To control confounding bias, propensity score
matching (PSM) was performed. With age, gender, Child-
Pugh classification, tumor size, and tumor number as key
covariates, 58 patients were successfully matched from 215
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cases of hypovascular HCC who underwent conventional
DSA-guided TACE during the same period, employing the
nearest neighbor matching technique with a calliper value of
0.02 at a 1:1 ratio. After matching, the standardized
differences of all baseline data between the two groups were
less than 10%, indicating good intergroup balance.

Inclusion and exclusion criteria

The inclusion criteria were outlined as follows: patients
aged 18 to 75 years; confirmed diagnosis of primary HCC by
clinical or pathological examinations 3; preoperative
contrast-enhanced CT or MRI demonstrating hypovascular
lesions, defined as tumor parenchymal enhancement < 50%
of that of surrounding normal hepatic parenchyma during the
arterial phase, with this characteristic consistently present in
> 50% of tumor volume; liver function classified as Child-
Pugh grade A or B; and Eastern Cooperative Oncology
Group performance status score of 0 or 1, indicating that
patients could tolerate interventional surgery.

Exclusion criteria included the following: presence of
extensive extrahepatic metastasis; complicated with
significant impairment of essential organs, including the
heart, kidneys, and brain; hypersensitivity to iodine-
containing contrast agents used in the study; previous history
of local liver radiotherapy, ablation, or systemic therapy; and
severe deficiency in clinical or follow-up data.

Equipment and materials

All interventional procedures were performed on a DSA
system equipped with a flat-panel detector (Artis zee IlI,
Siemens Healthineers, Germany) with integrated CBCT
capability (5 s rotational acquisition, 200° scan angle, 0.5
mm reconstruction slice thickness). The used microcatheters
included Progreat™ (Terumo, Japan) or Carnelian® (Tokai
Medical Products, Japan), with 0.014-inch hydrophilic
microguidewires.

Chemotherapeutic agents consisted of epirubicin
(50 mg/m?) or lobaplatin (50 mg/m?), mixed with
Lipiodol® Ultra Fluid (Lipiodol, Guerbet, France) ina 1:1
volume ratio. The emulsion was prepared using a three-way
stopcock with repeated aspiration for no less than 10 min.
Embolic materials included gelatin sponge particles (350
um=560 pum, Hangzhou Alicon, China) or polyvinyl alcohol
microspheres (300 um—-500 pm, Boston Scientific, USA),
selected according to tumor vascularity.

Study groups

After PSM, 58 patients were included in each group,
with well-balanced baseline characteristics. All enrolled
patients underwent TACE. They were categorized into two
groups according to the intraoperative guiding approach: the
CBCT-guided precision TACE group (CBCT group) and the
conventional DSA-guided routine TACE group (DSA
group). All procedures in both groups were performed by the
same team of experienced interventional physicians with
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senior professional titles, so as to minimize operator

variability.
Patients in the CBCT group received a standardized
precision embolization protocol. The steps for

implementing that protocol are described in the text that
follows. Firstly, routine angiography and target area
confirmation were performed. Patients were put in supine
position. Following standard disinfecting and draping,
femoral artery puncture and catheterization were performed
using the Seldinger approach. The catheter was placed
superselectively into the common hepatic artery or proper
hepatic artery for conventional DSA angiography, so as to
preliminarily evaluate hepatic blood supply and tumor
characteristics. For lesions identified as hypovascular on
DSA, the CBCT scanning protocol was immediately
initiated. Secondly, 3D imaging and pathway planning was
performed. The C-arm machine rotated 180°-240° around
the patient’s hepatic region, and 3D data were acquired and
reconstructed synchronously with contrast agent injection.
The reconstructed CBCT images were registered and
fused—either automatically or manually-with preoperative
contrast-enhanced CT or MRI images. This process enabled
accurate 3D delineation of the gross tumor volume (GTV)
and the clear identification of tiny tumor-feeding arteries
that were not readily visualized on conventional DSA. 3D
volume rendering and multi-planar reformation were
performed on the workstation. Following identification of
tumor-feeding arteries, the optimal working projection was
transferred to the DSA system to guide real-time
microcatheter superselective cannulation. The third step
included superselective embolization and endpoint
determination. Under the guidance of 3D imaging,
microcatheters were used for superselective catheterization
of tumor-feeding arteries. Under real-time fluoroscopic
monitoring, chemotherapeutic emulsions (e.g., epirubicin
or lobaplatin mixed with lipiodol) were slowly and
precisely infused, followed by distal embolization with
gelatin sponge particles or polyvinyl alcohol microspheres
as appropriate. The embolization endpoint was defined as
achieving dense and homogeneous Lipiodol® deposition
within the tumor area, as confirmed by intraoperative and
postoperative CBCT. The fourth and final step was
immediate efficacy verification. Immediately after
embolization, a repeat CBCT scan was performed to
directly assess the distribution range and homogeneity of
Lipiodol® deposition in the tumor from a 3D perspective,
so as to verify the completeness of embolization. The
detailed procedural workflow of CBCT-guided precise
TACE is illustrated in Figure 1.

Patients in the DSA group were treated with 2D DSA
imaging guidance alone. Based on the vascular morphology
displayed by DSA angiography and personal clinical
experience, the operator performed superselective or
selective catheterization of suspected tumor-feeding arteries,
followed by chemotherapeutic agent infusion and
embolization. No CBCT was used for 3D imaging guidance,
pathway planning, or immediate postoperative evaluation
throughout the procedure in this group.
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Fig. 1 — Schematic flowchart of cone-beam computed tomography (CBCT)-guided precise transarterial
chemoembolization for hypovascular hepatocellular carcinoma.
DSA - digital subtraction angiography; CT — computed tomography; MRI — magnetic resonance imaging;
3D - three-dimensional; 2D - two-dimensional.

TACE treatment in this study was administered on a
demand basis. The total intervention cycle was terminated
when satisfactory tumor control was achieved, disease
progression occurred, or intolerable toxic side effects
emerged. All patients underwent regular follow-up after the
initial surgery.

Outcome measures

Outcome measures evaluated in this study included
short-term efficacy, long-term survival indicators, and safety
indicators.

Regarding short-term  efficacy, the modified
Response  Evaluation Criteria in  Solid Tumors
(mRECIST) were used to assess the outcomes of contrast-
enhanced CT or MRI re-examinations 3 months
postoperatively. Specifically, the objective response rate
(ORR), defined as the percentage of patients attaining
complete response (CR) and partial response (PR), and
the disease control rate (DCR), defined as the percentage
of patients reaching CR, PR, and stable disease, were
calculated. CR was defined as complete Lipiodol®
deposition throughout the tumor region on post-
procedural CT with no residual enhancement on contrast-
enhanced imaging at 3 months.

For long-term survival indicators, the study included
progression-free survival (PFS) and overall survival (OS).
PFS was defined as the time interval from the date of the first
TACE treatment to the documentation of radiologically
confirmed disease progression or mortality from any cause.
Similarly, OS was defined as the duration from the first
TACE therapy to mortality from any cause.

Finally, safety indicators focused on the incidence of
postoperative complications, including the occurrence rate
and severity of post-embolization syndrome (such as fever,
pain, nausea, and vomiting) during the acute phase (within 1
week after surgery). Additionally, the dynamic changes in
laboratory parameters—namely alanine aminotransferase
(ALT), aspartate aminotransferase (AST), and total bilirubin
(TBil)-were assessed before surgery, as well as 1, 3, and 7
days postoperatively to evaluate the extent of liver function
impairment.

Statistical analysis

All statistical assessments were carried out utilizing
SPSS version 26.0. Normally distributed continuous
parameters are expressed as mean + standard deviation and
assessed utilizing the independent samples t-test. Categorical
parameters were expressed as percentages and evaluated via
the Chi-square test or Fisher’s exact test, as applicable.
Survival curves are generated utilizing the Kaplan-Meier
technique and assessed utilizing the log-rank test for
comparison. A two-tailed p-value < 0.05 was deemed
statistically significant.

Given the retrospective nature of this study, complete
raw data for some laboratory parameters could not be
extracted from electronic medical records.

Results

No statistically significant differences were observed
between the two groups regarding age, sex, Child-Pugh
class, tumor size, or tumor number (p > 0.05) (Table 1). A
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mean tumor diameter of 5.4 cm with hypovascular
manifestation was observed in this study.

Treatment and follow-up

Patients received a mean of 2.4 £ 0.8 TACE sessions,
with a median inter-treatment interval of 5.3 weeks (range:
4-6 weeks). All patients underwent regular follow-up
following the initial procedure.

Given the retrospective study design without
prospective documentation of “technical success”, we
utilized the proportion of cases with clearly evaluable
Lipiodol® deposition on immediate post-procedural imaging
as a surrogate metric. The resulting image-evaluable rate was
94.83% (55/58) in the CBCT group vs. 72.41% (42/58) in
the DSA group, with a statistically significant difference
(p < 0.001).

Subsequent treatments were evaluated based on
available records from our institutional electronic medical
record system. During follow-up, approximately 35% of
patients in the CBCT group and 40% in the DSA group
received subsequent systemic therapy (targeted agents,
immunotherapy), while approximately 52% and 59%,
respectively, received second-line interventional therapy
(radiofrequency ablation, repeat TACE). No significant
differences in subsequent treatment patterns were observed
between groups. Due to the retrospective nature of this study,

some subsequent treatment information was obtained from
external institutions, and records were incomplete; therefore,
precise case numbers could not be determined.

Comparison of short-term efficacy

The short-term efficacy evaluated using the mRECIST
at 3 months after surgery is presented in Table 2. ORR of the
CBCT-guided precision TACE group was 63.79% (37/58),
greatly surpassing that of the conventional DSA-guided
TACE group, 36.21% (21/58), with a statistically significant
difference (p = 0.003). Regarding the DCR, the CBCT-
guided group also exhibited a superior performance (86.21%
vs. 68.97%), and the intergroup difference was statistically
significant (p = 0.024).

Comparison of long-term survival outcomes

A comparison of long-term survival outcomes between
the two groups is detailed in Table 3. Survival analysis
demonstrated that the median PFS in the CBCT precision
TACE group was 10.80 months, which was significantly
longer than the 7.10 months observed in the conventional
DSA-guided group (p = 0.013). In addition, the 1-year PFS
rate of the CBCT group (65.52%) was significantly higher
than that of the DSA group (41.38%), with a statistically
significant difference (p = 0.024).

Table 1
Comparison of patients’ baseline data according to groups

Grou Age, Male, Child-Pugh class A,  Maximum tumor Number of

P years cases cases diameter, cm tumors
CBCT (n =58) 59.12+8.95 40 (68.97) 48 (82.76) 535+1.77 1.45+0.62
DSA (n = 58) 58.78 £9.41 42 (72.41) 47 (81.03) 5.41+1.82 1.52+0.71
t/y? 0.985 0.172 0.000 0.178 0.563
p-value 0.326 0.678 1.000 0.859 0.575

CBCT - cone-beam computed tomography; DSA — digital subtraction angiography; n — number of patients.
All values are given as numbers (percentages) or mean + standard deviations.

Table 2

Comparison of the efficacy of different TACE modalities between the two groups at 3 months postoperatively

Group Complete Partial Stable Progressive Objective response  Disease control
response response disease disease rate rate
CBCT (n = 58) 12 (20.69)  25(43.10) 13 (22.41) 8(13.79) 37/58 (63.79) 50/58 (86.21)
DSA (n =58) 5 (8.62) 16 (27.59) 19 (32.76) 18 (31.03) 21/58 (36.21) 40/58 (68.97)
x? 9.103 5.126
p-value 0.003 0.024

TACE - transarterial chemoembolization; CBCT - cone-beam computed tomography; DSA - digital subtraction

angiography; n — number of patients.
All values are given as numbers (percentages).

Table 3
Comparison of long-term survival outcomes between the two groups
Group Median progression-free 1-year progression-free  Median overall survival, 1-year overall
survival, months survival rate, % months survival rate, %
CBCT (n =58) 10.80 65.52 22.50 81.03
DSA (n =58) 7.10 41.38 19.10 72.41
x° 2.478 5.124 1.523 1.256
p-value 0.013 0.024 0.128 0.262

CBCT - cone-beam computed tomography; DSA — digital subtraction angiography; n — number of patients.
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Figure 2 illustrates an overview of the OS curves
among the groups. With respect to OS, although both the
median OS and 1-year overall survival rate of the CBCT
group exceeded those of the DSA group (median OS: 22.50
months vs. 19.10 months; 1-year OS rate: 81.03% vs.
72.41%), neither of these differences reached statistical
significance (p > 0.05) (Figure 2).

Safety comparison

Table 4 illustrates an assessment of safety indicators
among the two treatment groups. A lack of statistical
significance was observed in the incidence of post-
embolization syndrome of any grade (e.g., fever, pain,
nausea) between the two groups (p = 0.784). Concerning
serious complications, no statistically significant differences
were observed between the CBCT-guided group and DSA
group regarding the incidence of liver abscess (3.45% vs.
5.17%), liver failure (1.72% vs. 3.45%), biliary tract injury
(1.72% vs. 3.45%), and nontarget embolization (1.72% vs.
1.72%), with all p-values exceeding 0.05. Nevertheless, in
terms of biochemical indicators for liver function injury, the
amplitude of ALT elevation in the CBCT group on the third

%

day after surgery was significantly lower than that in the
DSA group (p = 0.016). This finding suggests that precise
embolization under CBCT guidance results in less damage to
normal liver function.

Discussion

The core challenge of TACE in treating hypovascular
HCC lies in achieving sufficient and precise distribution of
chemoembolic agents within the tumor parenchyma against
the background of atypical blood supply characteristics,
while minimizing damage to the surrounding liver function
1415 Although the 3D visualization advantage of CBCT
theoretically provides a solution to this dilemma, its
comprehensive impact on short-term efficacy, long-term
survival, and safety in real-world clinical practice still needs
to be verified through rigorous clinical research °. By
conducting a retrospective cohort analysis, this study
systematically compared the clinical efficacy of CBCT-
guided precision TACE and the conventional DSA-guided
TACE in the management of hypovascular HCC. The results
demonstrated that the CBCT-guided group exhibited
significantly superior short-term efficacy and long-term PFS,
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Fig. 2 — Kaplan-Meier curves for overall survival (A) and progression-free survival (B)
during one year comparing cone-beam computed tomography (CBCT)-guided
and digital subtraction angiography (DSA)-guided transarterial chemoembolisation (TACE).
Table 4
Comparison of postoperative safety profiles between CBCT-guided and conventional DSA-guided TACE groups
Group Post-embolization Liver L_|ver Bl!lary Nont_arg(_et ALT, U/L
syndrome abscess failure injury embolization
CBCT (n =58) 46/58 (79.31) 2 (3.45) 1(1.72) 1(1.72) 1(1.72) 128.45+£70.13
DSA (n =58) 47/58 (81.03) 3(5.17) 2 (3.45) 2 (3.45) 1(1.72) 162.89 + 79.65
Test statistic x?=0.075 Fisher Fisher Fisher Fisher t=2.457
p-value 0.784 1.000 0.500 1.000 1.000 0.016

CBCT - cone-beam computed tomography;

DSA - digital subtraction angiography; TACE - transarterial

chemoembolization; ALT — alanine aminotransferase; n — number of patients.

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

Note: Post-embolization syndrome includes fever, pain, nausea/vomiting of any grade within 1 week after the procedure.
Severe complications include liver abscess, hepatic failure, biliary tract injury, and nontarget embolization. Values of
p are derived from the Chi-square test, Fisher’s exact test (for categorical variables with expected frequency < 5),
or independent samples t-test (for ALT). Bold value indicates statistical significance (p < 0.05).
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along with notable advantages in liver function preservation.
These outcomes are closely associated with the distinct
imaging principles and operational precision inherent to the
two techniques 178,

In this study, the CBCT-guided group attained
markedly superior ORR and DCR at 3 months
postoperatively compared with the DSA-guided group. This
disparity primarily stems from the fundamental differences
between the two imaging modalities ** 22, DSA provides 2D
vascular images that are plagued by structural overlapping .
For hypovascular lesions lacking typical tumor staining
characteristics, diagnostic sensitivity is limited, which is
prone to missed detection of micro-lesions or misjudgment
of the true tumor boundaries %. In contrast, CBCT acquires
3D volumetric data through rotational scanning of the C-arm,
and the reconstructed tomographic images possess excellent
soft tissue resolution, enabling clear visualization of the
density differences between the tumor and the surrounding
hepatic parenchyma 2. More importantly, through image
fusion and registration with preoperative contrast-enhanced
CT or MRI scans, CBCT allows for accurate delineation of
GTV in 3D space and identification of micro-tumor-feeding
arteries that are otherwise undetectable by conventional
DSA 2+ %, This enhanced “visualization” empowers surgeons
to perform true superselective catheterization under
guidance, ensuring that chemoembolic agents are more
concentrated in the tumor parenchyma, thereby significantly
improving the degree of tumor necrosis 2% 2. This
mechanism is directly reflected in the remarkable
improvement of short-term efficacy indicators .

In terms of long-term survival outcomes, the significant
prolongation of median PFS in the CBCT-guided group
further confirms the sustained benefits conferred by
precision embolization 2°. Complete tumor necrosis and
thorough interruption of tumor blood supply fundamentally
delay the processes of local recurrence and disease
progression . It is noteworthy that although the CBCT-
guided group exhibited a trend toward better OS and 1-year
OS rate compared with the conventional group, the
difference lacked statistical relevance. This observation may
be ascribed to multiple factors, including the high inherent
heterogeneity of HCC itself, the confounding effects of
subsequent treatment modalities (e.g., systemic therapy,
second-line interventional procedures) on OS, and the
relatively inadequate sample size of this study, which may
not possess sufficient statistical power to detect subtle
differences in OS. Additionally, for HCC patients, liver
function reserve and tumor biological behavior are often
more decisive factors influencing long-term prognosis, and
the advantages of local treatment may be diluted by other
factors during long-term follow-up 3.

Regarding the definition of hypovascular HCC
employed in this study, our criterion of “tumor parenchymal
enhancement < 50% of surrounding normal hepatic
parenchyma” was based on preoperative imaging
assessment. While such lesions may encompass some
heterogeneous tumors (e.g., with areas of fibrosis or
necrosis), this precisely reflects the clinical challenges
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encountered in TACE treatment 2. The mean tumor diameter
of 5.4 cm with hypovascular manifestation observed in this
study may be related to extensive intratumoral fibrosis or
necrosis; such lesions indeed present greater challenges in
interventional therapy, underscoring the value of CBCT
guidance.

The significantly lower ALT elevation observed in the
CBCT-guided group (128.45 + 70.13 U/L vs. 162.89 + 79.65
U/L, p = 0.016) compared with the DSA-guided group
provides compelling biochemical evidence for superior
hepatoprotection conferred by precise embolization. This
finding is mechanistically rooted in the fundamental
technical distinctions between the two modalities. In
conventional DSA-guided TACE, the inherent limitations of
2D imaging-namely, structural overlap and poor
visualization of hypovascular lesions—frequently result in
inadvertent embolization of non-target vessels and
unintentional deposition of chemoembolic agents in normal
hepatic parenchyma. This “anatomical blindness” triggers
bystander ischemic injury and chemical hepatitis in healthy
liver tissue, manifesting as elevated transaminases and
prolonged hepatic dysfunction.

Conversely, CBCT-guided precision TACE operates
through a targeted-sparing paradigm. First, pre-procedural
3D mapping enables accurate delineation of the GTV and the
identification of tumor-feeding arteries invisible on
conventional DSA. Second, real-time navigation directs
microcatheter superselective cannulation exclusively to
target  vessels.  Finally, immediate  post-procedural
verification confirms dense, homogeneous Lipiodol®
deposition confined to the tumor, minimizing spillover to the
surrounding liver. This “precision-target, precision-treat,
precision-verify” workflow ensures that cytotoxic agents and
embolic materials are concentrated within the intended
therapeutic zone, thereby maximizing tumor necrosis while
minimizing collateral damage.

The clinical significance of this hepatoprotective effect
extends beyond the immediate postoperative period. For
patients with underlying cirrhosis or limited hepatic reserve—
the predominant demographic in HCC populations—
preservation of functional liver parenchyma is paramount.
Lower ALT elevation on day 3 not only indicates reduced
acute hepatocellular injury but also predicts faster recovery
of liver function, greater tolerance to subsequent treatment
cycles, and expanded opportunities for multimodal therapy,
including systemic agents, immunotherapy, or repeat
locoregional interventions. In this context, CBCT-guided
TACE transforms from a mere technical refinement into a
strategic therapeutic advantage that optimizes the long-term
treatment trajectory for patients with compromised liver
function.

Regarding safety profiles, there were no significant
differences in the incidence of post-embolization syndrome
and serious complications between the two groups,
indicating that the CBCT-guided technique itself does not
introduce additional surgical risks. However, the ALT levels
in the CBCT-guided group on the third postoperative day
were much lower than those in the standard DSA group. This
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is mainly because during conventional TACE procedures,
unclear identification of tumor-feeding arteries on 2D
imaging may lead to excessive or inadvertent embolization
of non-target vessels. This results in the extravasation and
retention of chemoembolic agents in normal liver tissue,
triggering more extensive chemical and ischemic liver injury.
By accurately identifying tumor-feeding vessels, CBCT-
guided precision TACE achieves targeted embolization with
high precision. This maximizes the concentration of drugs
and embolic agents within the target lesions and effectively
reduces damage to normal liver tissue in non-target areas,
thus manifesting as a smaller magnitude of postoperative
liver enzyme elevation *. This advantage is particularly
crucial for HCC patients with underlying liver cirrhosis, as
superior liver function preservation translates to improved
treatment tolerance and expanded opportunities for
subsequent therapeutic interventions.

Limitations of the study

This study has several inherent limitations. First,
because of its retrospective design, intraoperative “technical
success” was not prospectively defined and documented.
Instead, we utilized the “image-evaluable rate” as a surrogate
metric. Consequently, future studies should employ more
standardized definitions of technical success. Second, some
subsequent treatment information was obtained from external
institutions with incomplete records, which may have
influenced the accuracy of the OS analysis. Third, this study
employed modified mRECIST criteria for efficacy
assessment, but the applicability of these criteria for
hypovascular HCC remains limited. Future studies should
explore functional imaging modalities, such as diffusion-
weighted imaging or positron emission tomography-CT, to
establish more appropriate efficacy evaluation systems for

hypovascular HCC. Finally, this was a single-center study
with a relatively limited sample size. Nevertheless, the
results demonstrate that CBCT 3D imaging guidance,
through enhanced diagnostic precision and targeting of
embolization procedures for hypovascular HCC, effectively
improves short-term tumor efficacy, prolongs PFS, and
better preserves patient hepatic function. Future larger-
sample, prospective randomized controlled studies are
warranted to further validate these findings and clarify their
ultimate value in improving patient OS.

Conclusion

Cone-beam computed tomography-guided three-
dimensional-precision  transarterial  chemoembolization
exhibits enhanced short-term tumor response and
significantly extends progression-free survival in patients
with hypovascular hepatocellular carcinoma compared to
traditional digital subtraction angiography-guided
transarterial chemoembolization. This approach allows for
precise identification of tumor-feeding arteries, promotes
superselective  embolization, and provides superior
hepatoprotection without elevating operative complications.
Despite the absence of a statistically significant improvement
in overall survival, the positive effectiveness and safety
profile underscore cone-beam computed tomography-guided
precision transarterial chemoembolization as a potential
interventional approach for this difficult tumor subtype.
Comprehensive prospective, multicenter investigations are
necessary to further substantiate these results and elucidate
their long-term survival advantages.
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Abstract

Background/Aim. In immunothrombotic disorders such
as coronavirus disease 2019 (COVID-19), D-dimer levels
are frequently elevated, reflecting increased fibrin
formation and turnover. Additional biomarkers, such as
the neutrophil-to-lymphocyte ratio (NLR) and levels of C-
reactive protein (CRP), and lactate dehydrogenase (LDH),
are associated with disease severity and outcomes. The aim
of the study was to evaluate the impact of two different
anticoagulation protocols on serum levels of biomarkers
D-dimer, NLR, CRP, and LDH, as well as their prognostic
value regarding clinical outcomes in critically ill patients
with COVID-19. Methods. The retrospective study
included critically ill COVID-19 patients, admitted to the
Intensive Care Unit (ICU) between April 2020 and
December 2021, and compared D-dimer—guided and anti-
Xa—guided anticoagulation protocols. Patients were
divided into two groups according to the anticoagulant
therapy regimen: a group with a protocol guided by anti-
Xa values (AXa group — A-XaG) and a group with a
protocol dosing according to D-dimer values (D-d group —

Apstrakt

Uvod/Cilj. Kod imunotrombotskih poremecaja kao $to je
bolest izazvana korona virusom 2019 (coronavirus disease
2019-COVID-19), nivoi D-dimera cesto su poviseni, $to
odrazava povecano stvaranje i razgradnju fibrina. Dodatni
biomarkeri, kao $to su odnos neutrofila i limfocita
(neutrophil-to-lymphocyte  ratio — NLR) 1 nivoi C-reaktivhog
proteina (CRP) i laktat dehidrogenaze (LDH), povezani su
sa tezinom i ishodima bolesti. Cilj rada bio je da se proceni

D-dG). Results. A total of 395 patients were analyzed:
137 in A-XaG and 258 in D-dG. The levels of CRP, L.DH,
and D-dimer were significantly lower in A-XaG compared
to D-dG (» < 0.001, p < 0.001, and p = 0.001,
respectively). The univariate analysis identified age [odds
ratio (OR): 1.064; p < 0.001], LDH (OR: 1.002; p < 0.001),
CRP (OR: 1.005; p < 0.001), and D-dimer (OR: 1.054;
p =0.020) as prognostic factors for mortality. The
multivariate model analysis revealed that only age > 64
years (OR: 10.215; p < 0.001) and LDH > 395 U/L (OR:
5.491; p = 0.005) remained independently associated with
mortality. Conclusion. Anti-Xa—guided anticoagulation
was associated with lower inflammatory biomarker levels
in ICU COVID-19 patients. While univariate analysis
identified age, LDH, CRP, and D-dimer as potential
prognostic factors for mortality, only age and LDH
remained significant in multivariate modelling, suggesting
independent prognostic value in this patient population.

Keywords:
anticoagulants; biomarkers; covid-19; factor xa;
heparin; intensive care units; prognosis.

uticaj dva razlic¢ita antikoagulaciona protokola na nivoe
biomarkera D-dimer, NLR, CRP i LDH u serumu, kao i
njihova prognosticka vrednost u pogledu klinickih ishoda
kod kriticno obolelih od COVID-19. Metode.
Retrospektivnom studijom obuhvaceni su kriticno oboleli
od COVID-19, primljeni na Odeljenje intenzivne nege u
periodu od aprila 2020. do decembra 2021. godine i
uporedeni su protokoli za vodenje antikoagulantne terapije
pomocu D-dimera i pomocu anti-Xa inhibitora. Bolesnici su
prema rezimu antikoagulantne terapije bili podeljeni u dve
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grupe: grupu u kojoj je primenjen protokol voden anti-Xa
vrednostima (AXa grupa — A-XaG) i grupu gde je
primenjen protokol sa doziranjem prema D-dimer
vrednostima (D-d grupa — D-dG). Rezultati. Analizirano je
ukupno 395 bolesnika: 137 u A-XaG i 258 u D-dG.
Vrednosti CRP, LDH i D-dimera bile su znacajno nize u A-
XaG u odnosu na D-dG (p < 0,001, p < 0,001, p = 0,001,
redom). Univarijantnom analizom su kao prognosticki
faktori mortaliteta pokazani Zivotno doba [odds ratio
(OR): 1,064; p < 0,001)], LDH (OR: 1,002; p < 0,001), CRP
(OR: 1,005; p < 0,001) i D-dimer (OR: 1,054; p = 0,020).
Analizom multivarijantnog modela pokazano je da su samo
zivotno doba > 64 godine (OR: 10,215; p < 0,001) i LDH >
395 U/L (OR: 5,491; p = 0,005) ostali nezavisno povezani

sa smrtnim ishodom. Zaklju¢ak. Antikoagulantna terapija
vodena anti-Xa vrednostima bila je povezana sa nizim
vrednostima inflamacijskih biomarkera kod obolelih od
COVID-19 na Odeljenju intenzivhe nege. Iako
su univarijantnom analizom kao potencijalni prognosticki
faktori mortaliteta identifikovani zivotno doba, LDH, CRP i
D-dimer, samo su zivotno doba i LDH ostali statisticki
znacajni pokazatelji u multivarijantnom modelu, $to ukazuje
na nezavisnu prognosticku vrednost kod te populacije
bolesnika.

Kljucne reci:
antikoagulansi; biomarkeri; covid-19; faktor xa;
heparin; intenzivna nega, odeljenja; prognoza.

Introduction

Severe coronavirus disease 2019 (COVID-19) with
pulmonary involvement is characterized by hypercoagulabil-
ity and elevated systemic inflammatory activation. Pulmo-
nary vascular injury and microthrombosis are increasingly
recognized as central features of this inflammation-
coagulation interplay, referred to as immunothrombosis 2.
COVID-19-associated coagulopathy is largely driven by
immunothrombosis, in which inflammatory activation of
endothelial cells, monocytes, platelets, and leukocytes pro-
motes tissue factor expression, thrombin generation, and
fibrin deposition, particularly within the pulmonary micro-
vasculature. In addition, activated neutrophils release neutro-
phil extracellular traps, which provide a procoagulant sur-
face, further enhancing thrombin generation and platelet
activation. Together, these mechanisms contribute to the
immunothrombotic phenotype observed in severe COVID-19
cases 3. Some conceptual models describe severe COVID-19 as
a stage-dependent process in which early disease is character-
ized by high fibrinogen, Von Willebrand factor, and P-selectin
levels with normal or only slightly increased D-dimer, whereas
disease progression is associated with rapidly rising D-dimer
levels, depletion of some coagulation-related biomarkers, and
later cytokine storm, indicating poor prognosis *.

Given this interplay, several biomarkers that can be
readily assessed through routine laboratory testing have been
identified as indicators of disease progression and mortali-
ty 3. These biomarkers include the neutrophil-to-lymphocyte
ratio (NLR) as an independent prognostic factor linked to
worse outcomes in COVID-19 patients > ©. Additionally,
levels of C-reactive protein (CRP) and lactate dehydrogenase
(LDH) have been shown to correlate with the severity of
COVID-19, providing further insights into the inflammatory
and tissue damage processes " . This growing body of evi-
dence underscores the potential of these biomarkers as valu-
able tools for risk stratification and management in clinical
practice 8. Elevated D-dimer levels predict in-hospital mor-
tality, indicate an increased risk of a procoagulant state, and
are associated with an increased risk of thromboembolic
complications ® %°. Conversely, the safety profiles and effec-
tiveness of various anticoagulation strategies in critically ill

Vaskovic¢ I, et al. Vojnosanit Pregl 2026; 83(5): 282-295.

patients with COVID-19 remain inadequately understood.
This is particularly relevant when considering the multifacet-
ed properties of heparin, highlighting the need for further
research .,

In a previous study conducted in the same cohort of
critically ill COVID-19 patients, we demonstrated that anti-
coagulation tailored according to anti-Xa activity was asso-
ciated with improved survival compared with D-dimer—
guided anticoagulation. Specifically, the anti-Xa—guided
strategy was linked to lower observed mortality and a re-
duced incidence of thromboembolic complications, without
an increase in bleeding events. These findings suggested that
anti-Xa—guided anticoagulation may offer advantages over
D-dimer—based dose adjustment alone 2,

Building on these observations, the present study inves-
tigated whether anti-Xa—guided anticoagulation is associated
with differences in inflammatory and coagulation biomarker
dynamics compared with a D-dimer—guided strategy in criti-
cally ill patients with COVID-19, and whether these bi-
omarkers have prognostic value for clinical outcomes.

We hypothesized that anti-Xa—guided anticoagulation,
which more accurately reflects the achieved anticoagulant
effect of low-molecular-weight heparin (LMWH), would be
associated with different inflammatory and coagulation bi-
omarker profiles compared with D-dimer—guided anticoagu-
lation in critically ill COVID-19 patients. We further hy-
pothesized that routinely available admission biomarkers
(including NLR, CRP, LDH, and D-dimer) would have
prognostic value for clinical outcomes.

Accordingly, the primary aim of the study was to analyze
the association of two different anticoagulation protocols with
inflammatory biomarker levels. The secondary aim was to
assess the prognostic capacity of biomarkers for mortality.

Methods

Study design

This retrospective observational study examined patients
with COVID-19, confirmed by laboratory testing, admitted to
the Intensive Care Unit (ICU) at the specialized COVID-19
Hospital in Karaburma, Belgrade, Serbia, from April 2020 to
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December 2021. The study was approved by the Ethics Com-
mittee of the Military Medical Academy (No. 19/2022, from
May 25, 2022). This study was conducted in accordance with
the principles outlined in the Declaration of Helsinki. Data
from medical records were analyzed anonymously.

The study included patients aged 18 years and older, of
both sexes, who tested positive for COVID-19 and showed
signs of respiratory failure.

Patients were excluded from the study if they met any
of the following criteria: admission to the ICU for less than
24 hrs, transfer from another ICU setting, or lack of complete
anticoagulant therapy data during their treatment course.

Respiratory failure was defined by SpO, < 90% at ICU
admission; according to institutional practice, these patients
received escalation of respiratory support, including high-
flow nasal cannula, noninvasive ventilation, or invasive me-
chanical ventilation. Patients initially receiving low-flow
oxygen support (via nasal cannula or oxygen mask) with
SpO; < 94%, a respiratory rate > 25/min, and pO, < 65
mmHg were also included if they demonstrated rapid clinical
and radiological deterioration and subsequently underwent
escalation of respiratory support.

Anticoagulation protocols were followed according to
local guidelines. Initially, anticoagulation at our institution
was guided by D-dimer levels. The threshold of 2 mg/L fi-
brinogen equivalent units (FEU) reflected the institutional
anticoagulation protocol in place at the time of patient en-
rollment (more than four times the normal upper limit).
However, following the admission of 270 patients and in
response to the high incidence of thrombotic events and ob-
served variability in heparin responsiveness, the institutional
protocol was revised to incorporate anti-Xa—guided dose
adjustments. This modification was introduced to assess the
achieved anticoagulant effect of LMWH and to guide antico-
agulation intensity.

Because the anticoagulation protocols were implement-
ed sequentially during different phases of the pandemic,
group allocation was determined by the institutional protocol
in place at the time of ICU admission. Accordingly, the study
represents a protocol-based observational comparison, not a
randomized group allocation. Patient medical records were

Table 1

reviewed, highlighting demographics, treatment interven-
tions, and laboratory and hemostatic parameters. Peripheral
venous blood samples were collected for laboratory analysis,
using ethylenediaminetetraacetic acid-anticoagulated whole
blood for complete blood count assessments via the fully
automated ADVIA 120 system. Hemostasis parameters were
evaluated from citrated plasma obtained after centrifugation
of whole blood at 3,000 g for 10 min. Quantification was
conducted on a Siemens BCS analyzer under standardized
analytical conditions. D-dimer was measured using a latex
immunoturbidimetric assay, while LMWH anti-Xa activity
was determined using a chromogenic spectrophotometric
method in accordance with the manufacturer’s instructions.
All assays were performed using the same analyzer and
methodology throughout the study period, ensuring analyti-
cal consistency.

Patients were stratified into two cohorts according to
the anticoagulation protocol (Table 1): a D-dimer—guided
group (D-dG) and an anti-Xa—guided group (A-XaG).

The first group — D-dG received nadroparin according
to the prescribed protocol. Patients weighing 100 kg or less
were given nadroparin at a dose of 86 U AXa/kg body
weight (BW), administered subcutaneously (sc) once daily.
Those exceeding 100 kg were administered 8,550 U AXa
daily, provided their D-dimer levels were at or below 2 mg/L
FEU. For patients with D-dimer levels higher than 2 mg/L
FEU, LMWH was prescribed sc twice daily based on their
BW: nadroparin 86 U AXa/kg BW sc twice daily for those
weighing < 100 kg, and nadroparin 8,550 U AXa twice daily
for those over 100 kg (Table 1).

In the D-dimer—guided protocol, patients were stratified
according to a threshold of 2 mg/L FEU, which corresponds
to approximately 4 times the upper limit of normal in our
laboratory. This threshold reflected the institutional antico-
agulation protocol in place during the early phase of the pan-
demic and was selected as a pragmatic marker of increased
thrombotic risk based on contemporaneous evidence linking
elevated D-dimer levels with poor outcomes in COVID-19.
Patients with D-dimer levels < 2 mg/L received prophylactic-
intensity anticoagulation, whereas those with levels > 2 mg/L
received therapeutic-intensity LMWH. Thus, the division of

Anti-Xa—guided and D-dimer—guided anticoagulation dosing protocols

Therapeutic protocol

Nadroparin dose

D-dimer
<2 mg/L FEU
BW <100 kg 86 U AXa/kg OD
BW > 100 kg 8,550 U AXa OD
>2mg/L FEU
BW <100 kg 86 U AXa/kg TD
BW > 100 kg 8,550 UAXaTD
Anti-Xa, U/mL
<0.35 increased by 25%
0.36-0.49 increased by 10%
1.1-15 decrease by 20%
1.6-2.0 decrease by 30%
>20 decrease by 40% and postpone the next dose until anti-Xa is < 0.5

FEU - fibrinogen equivalent units; BW - body weight; OD — once daily; TD — twice daily.
Note: Target anti-Xa level was set between 0.5 U/mL and 1.0 U/mL due to concerns regarding

hypercoagulability in COVID-19 patients.

Vaskovic¢ 1, et al. Vojnosanit Pregl 2026; 83(5): 282-295.
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D-dG reflected prospective routine clinical practice rather
than a post hoc analytical subdivision. D-dimer was used as a
marker of thromboinflammatory activity and risk stratifica-
tion, not as a diagnostic test for macrothrombosis; patients
with clinically suspected or confirmed thromboembolic
events were managed according to standard diagnostic and
therapeutic pathways independent of protocol allocation.

The second group — A-XaG received weight-adjusted
nadroparin with twice a day dosing guided by anti-Xa levels
to achieve the desired therapeutic anticoagulation. Anti-Xa
peak levels were monitored once the drug concentration sta-
bilized: 4 hrs post-morning dose and after four doses of
LMWH treatment. If the anti-Xa level fell below 0.35 U/mL,
the dosage was increased by 25%. For levels between 0.36
and 0.49 U/mL, the dosage was raised by 10%. The target
anti-Xa level was set between 0.5 U/mL and 1.0 U/mL due to
concerns regarding hypercoagulability in COVID-19 patients.
If the anti-Xa level exceeded 1.0 U/mL, the dosage was de-
creased according to the anti-Xa-based protocol (Table 1).

Since nadroparin is available in fixed prefilled syringe
strengths, dose adjustments were implemented as clinically
practical approximations using the nearest available syringe
strength or adjusted injection volume. After each dose ad-
justment, peak anti-Xa activity was rechecked at steady state
(4 hrs after the morning dose) to confirm the change toward
the target range and to avoid overdosing.

Additional methodological details have been reported
previously 2,

Statistical analysis
The statistical analyses for this study were performed us-

ing R software, version 4.3.0. The data are presented using
standard descriptive statistics, including means, standard devi-

ations, medians with interquartile ranges, and counts and per-
centages as appropriate. Data normality was assessed using the
Kolmogorov-Smirnov test. Group comparisons of numerical
data were performed using a t-test or the Mann-Whitney test,
depending on the data distribution. Comparisons of numerical
data between two measurements were conducted using a
paired t-test or a Wilcoxon test, depending on the data distribu-
tion. Categorical data analysis employed the Chi-squared test
or Fisher’s exact test. Univariate and multivariate logistic re-
gression analyses were used to estimate the association be-
tween a fatal outcome, the dependent variable, and one or
more independent variables. Prognostic modelling was per-
formed in the overall cohort to evaluate associations between
admission biomarkers and clinical outcomes (survival vs. non-
survival); it was not designed to assess prognostic performance
separately within each anticoagulation protocol. A receiver
operating characteristic (ROC) curve was used to estimate the
discriminative ability of inflammation markers and determine
the cut-off value for specific variables.

Multiple comparisons were controlled by adjusting all
p-values using the Benjamini-Hochberg correction to control
the false discovery rate. For clarity and transparency, both
unadjusted and false discovery rate-adjusted p-values were
reported. The statistical significance level was set at
p <0.05.

Results

Baseline demographic characteristics did not differ sig-
nificantly between the two groups with respect to age or sex.
The mean age was 66.31 years in A-XaG and 68.01 years in
D-dG (p = 0.253). Comorbidities were generally similar be-
tween groups; however, hypertension was more frequent in
A-XaG, with borderline significance (p = 0.050) (Table 2).

Table 2
Demographic and clinical characteristics
of the population according to the two treatment groups
- Group N
Variable AXaG(n=137) D-dG (n=258 PVale
Gender
male 106 (77.0) 193 (74.8) 0.658
female 31 (22.6) 65 (25.5) '
Age, years 66.31 +13.39 68.01 +14.33 0.253°
Comorbidity 108 (78.8) 193 (74.8) 0.441
diabetes mellitus type | 28 (20.4) 54 (21.3) 0.952
diabetes mellitus type Il 2(15) 8(3.2) 0.505
hypertension 84 (61.3) 128 (50.4) 0.050
cardiovascular diseases 27 (19.7) 68 (27.0) 0.141
respiratory diseases 14 (10.2) 18 (7.1) 0.389
malignancy 5(3.6) 10 (4.0) 1.000
chronic kidney failure 2(15) 10 (4.0) 0.228
other 40 (29.2) 72 (27.9) 0.878
Medications
Aspirin®, clopidogrel 16 (11.7) 50 (19.4) 0.070
tocilizumab 63 (46.0) 48 (18.6) <0.001
dexamethasone 122 (89.1) 182 (70.5) <0.001

A-XaG - anti-Xa group; D-dG - D dimer group; n — number of patients.
All values are given as numbers (percentages) or mean + standard deviation.
Note: 2 Chi-squared test; ? independent t-test.

Vaskovic¢ I, et al. Vojnosanit Pregl 2026; 83(5): 282-295.
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Table 3

Laboratory parameters for the two treatment groups at admission and the final measurement

Parameter* Admission Final measurement? p-value

Leukocytes
A-XaG 8.44 (6.56-11.40) 9.95 (7.07-14.67) 0.001/0.003¢
D-dG 8.56 (5.74-11.71) 10.82 (7.50-15.14) <0.001/< 0.001¢
p-value 0.680/0.711° 0.320/0.367°

Neutrophils
A-XaG 7.50 (5.55-10.45) 8.00 (5.05-13.40) 0.023/0.037¢
D-dG 7.55 (4.80-10.30) 9.65 (5.92-14.00) <0.001/<0.001°
p-value 0.719/0.719° 0.095/0.127°

Lymphocytes
A-XaG 0.60 (0.40-0.80) 0.70 (0.40-1.20) < 0.001/< 0.001°
D-dG 0.60 (0.40-0.90) 0.70 (0.40-1.10) < 0.001/< 0.001°
p-value 0.398/0.443° 0.238/0.287°

Hemoglobin*
A-XaG 134.02 £18.24 126.61 + 19.96 < 0.001/< 0.001%
D-dG 128.06 £ 17.99 122.45 +18.59 <0.001/< 0.0014
p-value 0.002/0.0022 0.048/0.069%

Platelets
A-XaG 228.00 (167.50-287.00) 213.00 (148.00-283.50) 0.268/0.318¢
D-dG 227.00 (169.00-303.00) 256.50 (169.50-353.50) 0.015/0.025¢
p-value 0.432/0.465° 0.002/0.004°

IL-6
A-XaG 81.8 (39.6-156.4)
D-dG 58 (25.2-116.0)
p-value 0.121/0.157°

A-XaG - anti-Xa group; D-dG - D dimer group; IL — interleukin.

Note: anti-Xa vs. D-dimer group (2 independent t-test or ® Mann-Whitney test), admission vs. final
measurement (¢ Wilcoxon test/ 9 paired t-test); * non-normally distributed data are presented as
median (interquartile range) and * normally distributed data are presented as mean * standard
deviation; p-values are presented as unadjusted or Benjamini-Hochberg adjusted (adjusted
p-values are shown in bold); T final measurement refers to the last recorded value prior to death or

discharge.

Reference ranges: leukocytes 4.0-11.0 x 10%L, neutrophils 1.9-8.0 x 10%L, lymphocytes 0.9-5.2 x
10%L, hemoglobin 130-180 g/L, platelets 160-370 x 10%L, and I1L-6 1.5-7 pg/mL.

Immunomodulatory therapy was administered more fre-
quently in A-XaG compared to D-dG (tocilizumab: 46.0%
vs. 18.6%, p < 0.001; dexamethasone: 89.1% vs. 70.5%,
p <0.001). Antiplatelet therapy was used in 16 (11.7%) pa-
tients in A-XaG and 50 (19.4%) patients in D-dG, with no
significant difference between groups (p = 0.070) (Table 2).

Changes in biomarker levels during follow-up differed
between anticoagulation strategies. Table 3 and Figure 1
summarize laboratory parameters for both patient groups at
admission and at the final measurement (last measurement at
the time of death or discharge from the ICU). At admission,
NLR, D-dimer, and LDH values did not differ significantly
between groups. At the final measurement, A-XaG demon-
strated significantly lower CRP, LDH, and D-dimer levels
(p < 0.001, p < 0.001, and p = 0.001, respectively), with no
significant difference in NLR between the groups (Figure 1).

When admission values were compared with final meas-
urements, NLR and D-dimer levels increased significantly in
D-dG (p < 0.001 for both), while LDH levels did not change
significantly (p = 0.326). In contrast, CRP levels decreased
significantly during follow-up (p < 0.001). In A-XaG, LDH
and CRP levels decreased significantly over time (p < 0.001
for both), while D-dimer and NLR levels remained stable
(p=0.662 and p = 0.376, respectively) (Figure 1).

After applying the Benjamini-Hochberg correction, all
previously significant p-values remained significant, except
for the hemoglobin levels between groups at the final meas-
urement, which was no longer significant (adjusted
p =0.069) (Table 3).

Analysis of mortality risk in the overall studied cohort

Mortality analyses were performed in the overall cohort
independent of anticoagulation protocol allocation.

Demographic parameters based on clinical outcomes

The analysis revealed no significant differences in sur-
vival rates between male and female cohorts. However, it
was noted that the cohort of deceased patients had a signifi-
cantly higher average age compared to the survivors
(p < 0.001), as presented in Table 4.

Laboratory parameters at admission and final
measurement based on clinical outcomes

The laboratory parameters at admission that were sig-
nificantly higher in non-survivors included leukocyte count

Vaskovic¢ 1, et al. Vojnosanit Pregl 2026; 83(5): 282-295.
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Fig. 1 — Changes in inflammatory and coagulation biomarkers in the D-dimer—guided
and anti-Xa—guided anticoagulation groups at admission and at the final measurement
(death or Intensive Care Unit discharge). Error bars represent + 1 standard error (SE) of the mean.
A-XaG - anti-Xa group; D-dG - D dimer group; LDH - lactate dehydrogenase;
NLR — neutrophil-to-lymphocyte ratio; CRP — C-reactive protein.

Table 4
Demographic parameters based on clinical outcomes
Parameter Survivors Non-survivors p-value?
Male 161 (78.9) 138 (72.3)
Female 43 (21.1) 53 (27.7) 0.122/0.158
Age 62.39 + 13.63 72.82 +12.33 < 0.001/< 0.001°

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

deviation.

Note: 2 Chi-squared test, ® independent t-test; p-values are presented
as unadjusted or Benjamini-Hochberg adjusted (adjusted p-values

are shown in bold).

(p = 0.038), neutrophil count (p = 0.019), NLR (p < 0.001),
LDH (p < 0.001), CRP (p = 0.001), D-dimer (p = 0.001), and
IL-6 levels (p = 0.001) (Table 5). At the time of the final
measurement, non-survivors continued to show significantly
higher levels of leukocyte count (p < 0.001), neutrophil
count (p < 0.001), NLR (p < 0.001), LDH (p < 0.001), CRP
(p <0.001), and D-dimer levels (p < 0.001) (Table 5).

All previously significant p-values remained significant
after Benjamini-Hochberg correction, except for the follow-
ing: leukocyte count between survivors and non-survivors
(adjusted p = 0.057), D-dimer levels between admission and
final measurements among survivors (adjusted p = 0.070),
and LDH values between admission and final measurements
among non-survivors (adjusted p = 0.052) (Table 5).
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Univariate and multivariate logistic regression
analysis for mortality risk assessment

In the univariate analysis, significant prognostic factors
for mortality were age [odds ratio (OR): 1.064, 95% confi-
dence interval (CI): 1.045-1.083, p < 0.001], LDH (OR:
1.002, 95% CI: 1.001-1.003, p < 0.001), CRP (OR: 1.005,
95% CI: 1.002-1.008, p < 0.001), and D-dimer (OR: 1.054,
95% CI: 1.009-1.102, p = 0.020) (Table 6). In multivariate
model 1, age (OR: 1.085, 95% ClI: 1.032-1.140, p = 0.001)
and LDH (OR: 1.003, 95% CI: 1.000-1.006, p = 0.024)
showed the most consistent independent associations with
mortality (Table 6). ROC curve analysis demonstrated good
discriminative ability of LDH at admission for a fatal
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Table 5
Laboratory parameters based on clinical outcomes

Parameter Admission Final measurement? p-value

Leukocytes
survivors 8.27 (5.68-10.64) 8.09 (5.98-10.72) 0.703/0.719¢
non-survivors 8.90 (6.54-12.54) 14.27 (10.89-18.99) <0.001/<0.001¢
p-value? 0.038/0.057° < 0.001/< 0.001P

Neutrophils
survivors 7.15 (4.50-9.35) 6.25 (4.40-9.10) 0.146/0.183¢
non-survivors 7.82 (5.60-11.50) 13.00 (9.75-17.30) <0.001/<0.001°
p-value? 0.019/0.031° < 0.001/< 0.001P

Lymphocytes
survivors 0.60 (0.50-0.90) 1.00 (0.70-1.40) <0.001/0.001¢
non-survivors 0.60 (0.40-0.80) 0.40 (0.30-0.70) 0.001/0.001°¢
p-value? 0.012/0.020° <0.001/< 0.001P

NLR
survivors 9.17 (5.83-16.23) 6.12 (3.39-10.72) <0.001/< 0.001¢
non-survivors 14.00 (7.17-24.73) 29.00 (17.00-44.03) <0.001/<0.001°¢
p-value? <0.001/0.001 <0.001/<0.001

Hemoglobin*
survivors 131.39 + 18.78 128.22 + 16.44 <0.001/< 0.001
non-survivors 128.80 + 17.66 119.05 £20.91 <0.001/< 0.0014
p-value? 0.123/0.157 <0.001/<0.001

Platelets
survivors 240.00 (184.00-321.00) 281.00 (199.75-383.00) <0.001/<0.001°¢
non-survivors 214.00 (159.50-285.50) 185.00 (133.00-256.00) 0.003/0.006¢
p-value? 0.003/0.006° <0.001/< 0.001°

LDH
survivors 380.50 (282.75-521.75) 293.00 (219.00-379.00) <0.001/< 0.001°¢
non-survivors 526.00 (416.25-742.25) 544.00 (413.00-810.25) 0.034/0.052¢
p-value? <0.001/< 0.001° <0.001/< 0.001°

CRP
survivors 90.30 (43.50-148.10) 12.50 (2.82-34.50) <0.001/<0.001¢
non-survivors 128.00 (58.87-189.60) 79.30 (28.15-187.10) 0.002/0.004°¢
p-value? 0.001/0.001° <0.001/< 0.001P

D-dimer
survivors 1.64 (0.96-4.07) 1.12 (0.64-3.96) 0.050/0.070°¢
non-survivors 2.93 (1.22-8.76) 4.04 (2.20-10.92) <0.001/<0.001°¢
p-value? 0.001/0.001° < 0.001/< 0.001P

IL-6
survivors 46.79 (19.88-108.87)
non-survivors 107.25 (58.60-184.98)
p-value® 0.001/0.003°

NLR - neutrophil-to-lymphocyte ratio; LDH — lactate dehydrogenase; CRP — C-reactive
protein; IL — interleukin.
Note: survivors vs. non-survivors (2 independent t-test or ® Mann-Whitney test), admission vs.
final measurement (¢ Wilcoxon test/ ¢ paired t-test); * non-normally distributed data are
presented as median (interquartile range); fnormally distributed data are presented as mean *
standard deviation; p-values are presented as unadjusted or Benjamini-Hochberg adjusted
(adjusted p-values are shown in bold); ' final measurement refers to the last recorded value
prior to death or discharge.
Reference ranges: LDH 84-246 U/L, CRP < 10 mg/L, D-dimer 0.22-0.45 mg/L fibrinogen
equivalent units (FEU). For other reference ranges, see Table 3.

outcome (area under the curve — AUC: 0.708, p < 0.001),
with a cut-off value > 395 U/L (Figure 2). Multivariate mod-
el 2, built based on LDH cut-off value and age, showed that
age > 64 years (OR: 10.215, 95% CI: 3.160-33.021,
p <0.001) and LDH > 395 U/L (OR: 5.491, 95% CI: 1.657-
18.199, p = 0.005) were significantly associated with fatal
outcomes (Table 6).

Exploratory subgroup analyses

These analyses were exploratory and are presented for
descriptive purposes. Within the D-dimer—guided anticoagu-
lation group, 42 (16.3%) patients had D-dimer levels < 2
mg/L and, therefore, received prophylactic anticoagulation,
whereas the majority of patients (83.7%) had D-dimer levels
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Fig. 2 — Receiver operating characteristic curve analysis of lactate dehydrogenase at admission.
AUC - area under the curve; CI - confidence interval.
Note: 2 DeLong method, * Binomial exact method.
Table 6
Association of biomarkers at admission with fatal outcomes in logistic regression models
Univariate Multivariate
Parameter model 1 model 2
OR 95% CI p-value OR 95% CI p-value OR 95% ClI p-value
Age” 1.064 1.045-1.083 <0.001 1.085 1.032-1.140 0.001 10.215 3.160-33.021 <0.001
Sex 1438 0.906-2.283 0.123 1.186 0.409-3.439 0.754 1.327 0.425-4.144  0.627
Leukocytes 1.034 0.993-1.077 0.109 0.792 0.635-0.987 0.038 0.747  0.582-0.957 0.021
Neutrophils 1.007 0.990-1.024  0.427 1.144 0.935-1.399 0.192 1.182  0.953-1.467 0.128
Lymphocytes  0.947  0.860-1.044 0.272 0.625 0.201-1.940 0.416 0492  0.147-1.648 0.250
NLR 1.013 1.000-1.026 0.057 1.003 0.920-1.093 0.946 1.007  0.920-1.103 0.880
LDH" 1.002 1.001-1.003 <0.001 1.003 1.000-1.006 0.024 5491 1.657-18.199 0.005
CRP 1.005 1.002-1.008 <0.001 1.000 0.993-1.008 0.950 1.002 0.993-1.010 0.691
D—dimer 1.054 1.009-1.102 0.020 1.020 0.958-1.082 0.533 1.003 1.000-1.006  0.062
IL-6 1.002 1.000-1.004 0.109 1.002 0.999-1.005 0.217 1.007 0.943-1.074 0.845
Constant 0.002 0.005 0.123 0.125

OR - odds ratio; Cl — confidence interval; NLR — neutrophil-to-lymphocyte ratio; LDH — lactate dehydrogenase;

CRP — C-reactive protein; IL — interleukin.

Note: * multivariate model 2: age > 64 years, LDH > 395 U/L; Hosmer-Lemeshow test p = 0.839.

>2 mg/L and received therapeutic anticoagulation according
to the institutional protocol.

First, patients in D-dG with D-dimer levels > 2 mg/L
were compared with patients managed using anti-Xa—guided
anticoagulation. In the within-group follow-up analysis, CRP
and LDH values decreased significantly in both groups (all
p <0.001). In the A-XaG group, NLR decreased significantly
(p < 0.001), whereas in D-dG, NLR increased significantly
(p <0.001). D-dimer levels did not change significantly in A-
XaG (p = 0.662), but increased significantly in D-dG
(p=0.005). In the between-group comparison at the final
measurement, CRP values remained significantly higher in D-
dG than in A-XaG (p < 0.001), while D-dimer was also higher
in D-dG, with borderline statistical significance (p = 0.050).
These biomarker dynamics are presented in Supplementary
Table 1. Clinical outcomes in this subgroup also differed be-
tween strategies. Mortality was higher in D-dG than in A-XaG
[120/216 (55.6%) vs. 55/137 (40.1%), p = 0.007], and throm-
boembolic complications were more frequent in D-dG [24/216
(11.1%) vs. 4/137 (2.9%), p = 0.005]. These outcomes are
summarized in Supplementary Table 1.
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Within the overall cohort, 296 (74.9%) patients re-
ceived therapeutic anticoagulation alone, whereas 57
(14.4%) patients received therapeutic anticoagulation com-
bined with concomitant antiplatelet therapy. An exploratory
comparison was performed between these groups. CRP val-
ues decreased significantly during follow-up in both groups,
whereas LDH decreased significantly only in the therapeutic
anticoagulation-alone group. NLR also changed significantly
in both groups, although without a decrease over time. No
statistically significant differences were observed between
groups in mortality (p = 0.517) or thromboembolic complica-
tions (p = 0.063). Detailed results are presented in Supple-
mentary Table 2.

Discussion

In this cohort of critically ill patients with COVID-19,
anti-Xa—guided anticoagulation was associated with lower
LDH, CRP, and D-dimer levels compared with D-dimer—
guided anticoagulation. These findings suggest that individu-
alized anticoagulation monitoring may be associated with
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differences in coagulation and inflammatory biomarker tra-
jectories in severe COVID-19. Because the two anticoagula-
tion strategies were implemented sequentially during differ-
ent phases of the pandemic, temporal changes in clinical
management may also have contributed to observed differ-
ences between groups. In addition, age, LDH, CRP, and D-
dimer were associated with mortality in this cohort, support-
ing previous evidence linking these markers to disease sever-
ity and adverse outcomes "%, Our findings should be inter-
preted within the context of limited published data examin-
ing the relationship between anticoagulation monitoring
strategies and inflammatory biomarker dynamics in critically
ill COVID-19 patients.

Our previous study provides a detailed comparative
analysis of demographic characteristics, comorbidities,
pharmacological treatments, mortality rates, and the inci-
dence of thromboembolic and hemorrhagic complications 2.

Anticoagulation therapy has become an important com-
ponent of the management of hospitalized patients diagnosed
with COVID-19 3. However, the precise physiological
mechanisms underlying this therapy remain to be explored.
Anticoagulation therapy may mitigate coagulopathy by par-
tially reducing thrombin generation and may also be associ-
ated with modulation of the inflammatory response associat-
ed with lung tissue damage in acute respiratory distress syn-
drome # %5, Given these considerations, anti-Xa—guided anti-
coagulation may represent a more individualized approach to
anticoagulation management in critically ill COVID-19 pa-
tients, particularly in those exhibiting a procoagulant state
and concurrent hyperinflammation €.

NLR has emerged as an important prognostic biomarker
in COVID-19, with studies showing that higher NLR values
at admission are linked to increased disease severity and
mortality -2, In our study, non-survivors had higher NLR
levels than survivors. Additionally, CRP, LDH, and D-dimer
levels were significantly higher in non-survivors, supporting
previous studies linking elevated levels of these biomarkers
with increased mortality risk 2-24,

In the univariate analysis, significant prognostic factors
for mortality were age, LDH, CRP, and D-dimer. In the mul-
tivariate analysis, age and LDH showed the most consistent
independent associations with mortality. In our cohort, LDH
levels above the ROC-derived cut-off value of 395 U/L were
associated with an increased risk of mortality. Consistent
with this, another study found that elevated LDH levels are
associated with approximately a six-fold increase in the risk
of severe disease and a sixteen-fold increase in mortality
among COVID-19 patients %, Furthermore, Li et al. % identi-
fied a strong association between LDH levels exceeding
445 U/L and severe cases.

Elevated CRP, LDH, and D-dimer levels are associated
with increased disease severity in COVID-19 #-%2, In our
study, A-XaG showed lower CRP, LDH, and D-dimer levels
over time compared with D-dG. D-dimer levels increased
during follow-up in D-dG, whereas a non-significant de-
crease was observed in A-XaG. In our previous analysis of
the same cohort, the D-dimer—guided strategy was associated
with higher mortality and a greater incidence of thromboem-

bolic complications than anti-Xa—guided anticoagulation *2
Taken together, these observations suggest a possible associ-
ation between protocol-based anticoagulation strategy and
longitudinal changes in coagulation and inflammatory bi-
omarkers and clinical outcomes, supporting further investi-
gation in prospective studies.

An additional exploratory subgroup analysis showed
findings broadly consistent with the main study results. In
the within-group follow-up analysis, CRP and LDH levels
decreased significantly in both groups. In contrast, the NLR
decreased in A-XaG but increased in D-dG, whereas D-
dimer remained unchanged in A-XaG but increased in D-dG.
In the between-group comparison at the final measurement,
CRP remained significantly higher in D-dG, while D-dimer
was also higher with borderline statistical significance. Mor-
tality and thromboembolic complications were also more
frequent in D-dG. However, because these analyses were
exploratory, they should be interpreted cautiously.

D-dimer reflects plasmin-mediated degradation of
cross-linked fibrin and, therefore, indicates prior fibrin for-
mation and activation of the fibrinolytic system *. Plasmin is
generated from plasminogen via tissue-type and urokinase-
type plasminogen activators and is rapidly inhibited by 02-
antiplasmin 3. Accordingly, measurable D-dimer levels re-
quire prior formation of cross-linked fibrin followed by suf-
ficient plasmin-mediated fibrinolysis despite endogenous
inhibitory mechanisms 3. Although plasmin-antiplasmin
complexes may represent a more direct indicator of plasmin
generation, D-dimer reflects downstream fibrin turnover and
remains the most widely available laboratory marker in rou-
tine clinical practice 3% *. Fibrinolytic responses in COVID-
19 appear heterogeneous, with reports of both enhanced fi-
brinolysis and relative hypofibrinolysis or fibrinolysis shut-
down, potentially related to endothelial dysfunction and
dysregulated plasminogen-plasmin pathways ** 3. Accord-
ingly, D-dimer should not be interpreted as a direct measure
of thrombus burden, but rather as an indirect marker of fibrin
formation and turnover %, In our study, D-dimer was used as
a clinically accessible marker to guide anticoagulation inten-
sity rather than as a diagnostic screening test for thrombosis.

COVID-19-associated coagulopathy also differs from
classical consumptive disseminated intravascular coagulation
observed in advanced stages of sepsis 3 %, Instead, it shares
key features with early sepsis-associated coagulopathy, in-
cluding inflammation-driven thrombin generation, preserved
or elevated fibrinogen levels, and a predominantly hyperco-
agulable phenotype, sometimes accompanied by a relative
shutdown of fibrinolysis 3% 4%, Accordingly, D-dimer may be
interpreted as a marker of disease severity rather than as a
marker of overt consumptive coagulopathy 3638 39,

Our results should be interpreted in the context of cur-
rent evidence from large randomized platform trials [Ran-
domized, Embedded, Multifactorial Adaptive Platform Trial
for Community-Acquired Pneumonia (REMAP-
CAP)/Accelerating COVID-19 Therapeutic Interventions
and Vaccines-4 Acute (ACTIV-4a)/Anti-Thrombotic Thera-
py to Ameliorate Complications of COVID-19 (ATTACC)],
which showed that routine fixed therapeutic-dose heparin did
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not improve outcomes in critically ill patients without con-
firmed thrombosis, supporting recommendations for prophy-
lactic-intensity anticoagulation in this population - 42, In
contrast, the anticoagulation strategy in this study was not
based on uniform therapeutic dosing but on individualized
titration according to measured anti-Xa activity. In the stud-
ied cohort, this protocol-based strategy was associated with
lower observed mortality and fewer thromboembolic compli-
cations, without an increase in bleeding, compared with the
D-dimer—guided protocol 2. These findings raise the possi-
bility that optimization of the achieved anticoagulant effect,
rather than routine fixed therapeutic dosing, may warrant
further study in selected high-risk critically ill patients.
However, given the observational design of our study, these
results should be considered hypothesis-generating and re-
quire confirmation in prospective randomized trials specifi-
cally evaluating anti-Xa—guided strategies.

Although mean nadroparin dose data were not available
for analysis, anticoagulation intensity in our study was inter-
preted primarily according to protocol allocation and the
achieved anticoagulant effect, as reflected by anti-Xa activi-
ty, rather than according to the administered dose alone. This
approach may be relevant in critically ill COVID-19 patients,
in whom interindividual variability in LMWH pharmacoki-
netics and altered heparin responsiveness have been de-
scribed 3 %4, In this context, the administered dose may not
fully reflect the actual anticoagulant effect, whereas anti-Xa
monitoring may better represent the achieved anticoagulation
intensity “ 6, At the same time, because anti-Xa-guided
dose adjustments were performed in all patients with sub-
therapeutic anti-Xa levels, some patients in this group may
have received higher absolute nadroparin doses than those
typically used in standard weight-based therapeutic regi-
mens. Similarly, major randomized COVID-19 anticoagula-
tion trials, including the REMAP-CAP/ACTIV-4a/ATTACC
platform and the HEP-COVID trial, primarily compared
protocol-based anticoagulation strategies - 42 47, Neverthe-
less, in the absence of detailed dose data, the present findings
should be interpreted with appropriate caution.

Given the retrospective design and the sequential im-
plementation of treatment protocols, residual confounding
related to temporal changes in the standard of care during the
pandemic cannot be excluded.

Platelet hyperactivation has also been implicated in
the pathophysiology of COVID-19-associated immuno-
thrombosis through interactions with activated endotheli-
um, leukocytes, and neutrophil extracellular traps, poten-
tially contributing to microvascular thrombosis “¢-5°, How-
ever, the present study was designed to evaluate anticoagu-
lation strategies targeting the enzymatic coagulation cas-
cade rather than platelet inhibition. Antiplatelet therapy
was not introduced as part of the study protocol; patients
already receiving antiplatelet agents prior to admission
continued therapy according to standard clinical practice,
and no significant difference in antiplatelet use was ob-
served between groups. Future prospective studies integrat-
ing antiplatelet and anticoagulant strategies may further
clarify the contribution of platelet hyperactivation and the
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potential benefit of platelet-targeted therapy in selected
patients with immunothrombotic states.

Our results are consistent with the hypothesis that anti-
Xa—guided anticoagulation may be associated with a more
favorable biomarker profile, potentially related in part to
pleiotropic effects of heparins beyond their primary antico-
agulant properties 5. In addition to inhibiting thrombin gen-
eration, heparins have been investigated as modulators of
inflammatory processes in critically ill patients with sepsis 2.
They may interact with chemokines, cytokines, components
of the complement system, activated endothelial cells, and
macrophages, potentially attenuating inflammatory signal-
ing 5%-%5, Evidence from two meta-analyses has suggested
potential benefits of heparins in critically ill patients with
sepsis, including reduced 28-day mortality %57,

Nevertheless, heparin-induced thrombocytopenia re-
mains an important clinical consideration during prolonged
anticoagulation, even though its risk is lower with LMWH
than with unfractionated heparin. Current evidence suggests
that heparin-induced thrombocytopenia is generally uncom-
mon in patients with COVID-19; however, because its inci-
dence may be higher among critically ill patients, continued
vigilance remains warranted 8,

Anti-Xa—guided monitoring may help refine anticoagu-
lant dose titration in critically ill patients, who are particular-
ly vulnerable to variability in therapeutic response. Reflect-
ing the achieved anticoagulant effect may provide a more
direct measure of anticoagulation intensity. Further prospec-
tive studies are needed to clarify the role of anti-Xa—guided
strategies in optimizing anticoagulation management in criti-
cally ill populations.

Limitations of the study

This study has several limitations that should be
acknowledged. First, the retrospective, single-center, non-
randomized design may introduce bias and limit generaliza-
bility. The two anticoagulation protocols were implemented
sequentially during different phases of the pandemic, and,
therefore, residual temporal confounding related to evolving
standards of care cannot be excluded. Second, the unequal
group sizes reflect the sequential implementation of antico-
agulation protocols across different phases of the pandemic.
Although such an imbalance may reduce statistical precision
in the smaller group, diagnostic checks did not indicate ma-
jor violations of model assumptions. Third, detailed nadro-
parin dose data were unavailable; therefore, anticoagulation
intensity was interpreted based on protocol allocation and the
achieved anticoagulant effect (anti-Xa activity), rather than
the administered dose alone.

Viscoelastic whole-blood coagulation assays, which
may provide a more global assessment of coagulation dy-
namics and hypercoagulability, were not available in the
dedicated COVID-19 unit during the study period, thereby
limiting assessment of global hemostatic alterations. Addi-
tionally, time-resolved analyses linking the duration of
respiratory support to longitudinal changes in coagulation
biomarkers were not feasible.  Evolving institutional
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treatment protocols during the pandemic resulted in differ-
ences in the use of immunomodulatory therapy between
groups, which may represent a potential source of con-
founding. Accordingly, residual bias related to differences
in immunomodulatory therapy and temporal changes in
standard of care cannot be excluded. Because of the retro-
spective design and the structure of the clinical database,
the exact interval between the initial and final laboratory
measurements could not be reliably reconstructed for each
patient. Laboratory testing was performed according to
routine ICU monitoring protocols and was not influenced
by anticoagulation group allocation. Furthermore, the
number of variables included in the multivariate model
was limited to those with established clinical relevance to
maintain model stability and interpretability. Finally,
prognostic modelling was performed on the overall cohort
to assess survival vs. non-survival, and was not powered to
evaluate protocol-specific prognostic models within each
anticoagulation group. Further prospective studies are war-
ranted to clarify the relationship between anticoagulation

therapy and inflammatory biomarkers in critically ill popu-
lations.

Conclusion

In this cohort of critically ill patients with COVID-19,
anti-Xa—guided anticoagulation was associated with lower
levels of lactate dehydrogenase, C-reactive protein, and D-
dimer, biomarkers linked to disease severity and progression.
These findings suggest that anti-Xa monitoring may repre-
sent a more individualized approach to anticoagulation man-
agement in critically ill patients; however, given the retro-
spective design and sequential implementation of treatment
protocols, this interpretation should be considered hypothe-
sis-generating. In addition, age and lactate dehydrogenase
were independently associated with mortality in multivariate
analysis, supporting their prognostic value in this population.
Further prospective studies are warranted to clarify the role
of individualized anticoagulation strategies in critically ill
patients with COVID-19.
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Supplementary Table 1

Inflammatory biomarkers and clinical outcomes among patients receiving therapeutic
anticoagulation according to anti-Xa—guided (n = 137) vs. D-dimer—guided (n = 216) strategies

Parameter” Admission Final measurement? p-value (within group)
NLR
A-XaG 12.33 (7.06-21.63) 9.83 (4.20-30.21) <0.001°
D-dG 11.30 (6.00-21.89) 15.39 (6.06-31.44) <0.001°
p-value 0.421° 0.870°
CRP
A-XaG 86.30 (40.85-136.65) 16.60 (3.20-55.30) <0.001°
D-dG 125.00 (60.43-198.80) 38.00 (9.23-138.48) <0.001°
p-value <0.001° <0.001°
LDH
A-XaG 422.00 (317.50-623.50)  348.00 (231.00-482.50) <0.001°
D-dG 483.50 (329.50-662.25)  432.00 (296.00-679.00) <0.001¢
p-value 0.090° 0.114°
D-dimer
A-XaG 1.35(0.79-3.61) 1.57 (0.72-3.74) 0.662°
D-dG 1.64 (0.90-3.76) 2.83(1.17-6.73) 0.005°
p-value 0.241° 0.050°
- Groups
Clinical outcomes AXaG D-0G p-valued
Mortality 55 (40.1) 120 (55.6) 0.007
Thromboembolic complications 4(2.9) 24 (11.1) 0.005°

n — number of patients; NLR — neutrophil-to-lymphocyte ratio; A-XaG — anti-Xa group; D-dG — D dimer
group; CRP — C-reactive protein; LDH — lactate dehydrogenase.
Note: anti-Xa vs. D-dimer group, analysis restricted to patients receiving therapeutic anticoagulation only
(° Mann-Whitney test); admission vs. final measurement (¢ Wilcoxon test); ¢ Chi-squared test; ¢ Fisher’s
test; "non-normally distributed data are presented as median (interquartile range); values for clinical
outcomes between groups are given as numbers (percentages); T final measurement refers to the last
recorded value prior to death or discharge.

Supplementary Table 2

Inflammatory biomarkers and clinical outcomes among patients receiving therapeutic
anticoagulation alone vs. therapeutic anticoagulation combined with concomitant antiplatelet therapy

Parameter” Admission Final measurement? p-value (within group)
NLR
TA 12.18 (6.50-21.36) 12.29 (4.91-30.81) 0.002¢
TA + antiplatelets 11.00 (6.02-21.98) 16.14 (6.38-33.25) 0.035°¢
p-value 0.937° 0.112°
CRP
TA 106.0 (53.98-178.35) 26.45 (6.20-91.02) <0.001¢
TA + antiplatelets 110.80 (40.95-176.15) 46.00 (7.05-163.85) 0.008°
p-value 0.790° 0.002°
LDH
TA 468.50 (321.00-656.50) 399.50 (274.25-604.75) 0.005¢
TA + antiplatelets 436.00 (333.50-619.00) 365.5 (264.25-539.00) 0.105°
p-value 0.605° 0.852°
D-dimer
TA 1.56 (0.80-3.55) 2.28 (0.96-4.52) 0.117¢
TA + antiplatelets 1.53 (0.99-4.97) 2.43 (1.09-6.74) 0.218¢
p-value 0.583" 0.140°
. Therapy d
Clinical outcomes TA (n =296) TA + antiplatelets (n = 57) p-value
Mortality 144 (48.6) 31 (54.4) 0.517
Thromboembolic complications 27 (9.1) 1(1.8) 0.063°
NLR - neutrophil-to-lymphocyte ratio; CRP - C-reactive protein; LDH - lactate dehydrogenase;

TA — therapeutic anticoagulation; n — number of patients.

Note: TA vs. TA + antiplatelet therapy (° Mann-Whitney test); admission vs. final measurement (¢ Wilcoxon test);
d Chi-squared test; ¢ Fisher’s test; * non-normally distributed data are presented as median (interquartile range);
values for clinical outcomes between TA and TA + antiplatelet therapy are given as numbers (percentages); ' final
measurement refers to the last recorded value prior to death or discharge.
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Abstract

Background/Aim. Group A B-hemolytic streptococcus
(GAS) pharyngitis most commonly affects school-aged
children. The aim of this study was to assess the effec-
tiveness and clinical applicability of the McIsaac score for
diagnosing GAS pharyngitis in children under 3 years of
age. Methods. The retrospective study included a total of
282 children under 3 years of age diagnosed with acute
pharyngitis in a pediatric outpatient setting in Subotica,
Serbia, between September 2023 and August 2024. Data
on demographic and clinical characteristics were collect-
ed, including Mclsaac score values. The obtained results
were analyzed in relation to rapid antigen detection test
(RADT) findings, which were performed on all children.
Results. Of the total 282 children, 143 (50.7%) were
RADT-positive. The Mclsaac score demonstrated limited
diagnostic accuracy, with sensitivity and specificity values
for scores 0-2 of 69.9% and 38.1%, respectively, and for
scores 3—4 of 30.7% and 61.9%, respectively. Receiver
operating characteristic (ROC) curve analysis yielded an
area under the curve (AUC) of 0.561. The absence of
cough was the only individual Mclsaac criterion signifi-
cantly associated with a positive RADT result. Conclu-
sion. The Mclsaac score alone has limited effectiveness
in identifying GAS pharyngitis in children under 3 years
of age. Given the substantial symptom overlap between
bacterial and viral infections in this age group, additional
diagnostic methods are necessary to improve diagnostic
accuracy.

Keywords:
child, preschool; diagnosis; infant; pharyngitis; rapid
diagnostic tests; streptococcus pyogenes.

Apstrakt

Uvod/Cilj. Faringitis izazvan B-hemolitickim streptokokom
grupe A (group A P-hemolytic streptococcus — GAS) najcesce
pogada decu Skolskog uzrasta. Cilj rada bio je da se procene
efikasnost 1 klinicka primenljivost Mclsaac skora u
dijagnostikovanju faringitisa izazvanog GAS-om kod dece
mlade od 3 godine. Metode. Retrospektivnom studijom
obuhvac¢eno je 282 dece mlade od 3 godine, kojima je
postavljena dijagnoza akutni faringitis u pedijatrijskoj
ambulanti u Subotici, Srbija, u periodu od septembra 2023. do
avgusta 2024. godine. Prikupljeni su podaci o demografskim i
klinickim karakteristikama, ukljuc¢ujué¢i vrednosti Mclsaac
skora. Dobijeni rezultati analizirani su u odnosu na nalaze
brzog antigenskog testa (rapid antigen detection test — RADT),
koji je uraden svakom detetu. Rezultati. Od ukupno 282
dece, 143 (50,7%) bilo je RADT porzitivno. Mclsaac skor
pokazao je ogranicenu dijagnosticku tacnost, sa vrednostima
osetljivosti i specifi¢nosti za rezultate 0-2 od 69,9% i 38,1%,
redom, i za rezultate 3—4 od 30,7% i 61,9%, redom. Analizom
receiver operating characteristic (ROC) krive dobijena je vrednost
povrsine ispod krive (area under the curve — AUC) od 0,561.
Odsustvo kaslja bio je jedini pojedinacni kriterijum Mclsaac
skora znacajno povezan sa pozitivnim nalazom RADT-a.
ZakljuCak. Mclsaac skor, sam po sebi, ima ogranicenu
efikasnost u prepoznavanju GAS izazvanog faringitisa kod
dece mlade od 3 godine. S obzirom na znacajno preklapanje
simptoma bakterijskih i virusnih infekcija u ovoj uzrasnoj
grupi, neophodne su dodatne dijagnosticke metode radi
unapredenja tacnosti dijagnoze.

Kljucne reci:
deca, predskolska; dijagnoza; odojcCe; faringitis;
dijagnosticki testovi, brzi; streptococcus pyogenes.
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Introduction

Group A B-hemolytic streptococcus (GAS) pharyngitis is
a prevalent clinical condition in primary pediatric care, most
commonly affecting school-aged children. Previous studies
have reported that GAS accounts for 15-30% of all pharyngi-
tis cases in this population ** 2. However, there is an ongoing
debate regarding the optimal strategies for diagnosis, treat-
ment, and avoiding the associated complications of GAS phar-
yngitis %. Accurate diagnosis typically relies on rapid antigen
detection tests (RADTS) or throat cultures *. Despite the clini-
cal challenges in diagnosing GAS pharyngitis, the necessity of
microbiological confirmation varies across different guide-
lines. The decision to test should take into account clinical
signs and symptoms, the patient’s age, seasonality, and expo-
sure to individuals with confirmed GAS infection *>.

Treatment with antibiotics may shorten the clinical
course by up to 16 hrs, reduce transmission, prevent suppura-
tive complications, and reduce the risk of non-suppurative
immune-mediated diseases of GAS pharyngitis &2,

To aid in the estimation of GAS pharyngitis probability,
the Centor and Mclsaac scores were developed. The Centor
score (ranging from 0 to 4) evaluates four clinical criteria: tonsil-
lar exudate, swollen tender anterior cervical lymph nodes, fever
(temperature > 38 °C), and absence of cough °. While the Centor
score was originally designed for adults, the Mclsaac score in-
corporated additional variables, such as age, to enhance its ap-
plicability in pediatric populations, with particular emphasis on
tonsillar findings, including exudate or enlargement, as clinically
relevant features in pediatric assessment *°. The Mclsaac score
(ranging from -1 to 5) assigns points based on clinical findings,
with one additional point for patients aged 3-14 years and one
point subtracted for those aged 45 years or older.

Diagnosing GAS pharyngitis in children under three
years of age is particularly challenging because of the sub-
stantial overlap of symptoms with viral upper respiratory in-
fections (URIs). Because clinical manifestations are often
nonspecific, relying solely on epidemiological and clinical
findings may be insufficient, even for experienced clini-
cians . In children under three years of age, GAS infections
may present atypically, sometimes referred to as streptococ-
cosis, with persistent nasal congestion, low-grade fever, and
anterior cervical lymphadenopathy. In infants, symptoms are
often nonspecific, manifesting as mild fever, irritability, and
reduced feeding 2. This symptomatic overlap diminishes the
effectiveness of the Mclsaac score in differentiating bacterial
from viral etiologies, thereby increasing the risk of both
false-positive and false-negative results.

The aim of this study was to evaluate the effectiveness
of the Mclsaac score for diagnosing GAS pharyngitis as well
as its applicability in children under three years of age.

Methods

A retrospective, single-center cohort study was con-
ducted at the Children’s Ambulatory Care Center Subotica,
Subotica, Serbia, a primary care facility, from September 1,
2023, to August 31, 2024. The study included children under
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three years of age diagnosed with acute pharyngitis, regard-
less of the presence of tonsillar swelling or exudate, fever,
cervical lymphadenopathy, or cough. Additional symptoms,
such as rhinorrhea, vomiting, abdominal pain, and diarrhea,
were recorded but were not included in the scoring criteria.
Children exhibiting rales, wheezing, or respiratory distress
indicative of lower respiratory tract disease, as well as those
diagnosed with otitis media, were excluded. Patients who
had received systemic antibiotics within the prior 10 days
were also excluded from the study.

The study was approved by the Ethics Committee of the
Children’s Ambulatory Care Center Subotica (No. 3/2023,
from August 07, 2023).

The Mclsaac score (ranging from 0 to 4) was calculated
using four clinical parameters, each contributing one point: ton-
sillar swelling or exudate, tender or swollen anterior cervical
lymph nodes, fever, and absence of cough *°. As all participants
were younger than three years of age, the age-related compo-
nent of the original Mclsaac score was not applicable. Fever
was defined as a temperature > 38 °C. Cervical lymph nodes
were classified as abnormal if they were either swollen (> 1 cm
in diameter) without tenderness or palpable with tenderness.

All study participants underwent RADT for GAS infec-
tion. The tests were administered by trained nurses following
the manufacturer’s guidelines, and results were promptly re-
ported to the attending physician. Pharyngeal specimens
were collected by swabbing both tonsillar surfaces and the
posterior pharyngeal wall using a sterile cotton-tipped swab.
The QuikRead go® Strep A test (Orion Diagnostica Oy, Es-
poo, Finland) was utilized for detecting Streptococcus py-
ogenes in throat samples. This test operates in conjunction
with the QuikRead go instrument, an automated device for
quantitative and qualitative measurements using a turbidi-
metric method.

The relationship between the Mclsaac criteria and
RADT results was analyzed.

Statistical analysis

Statistical analyses were performed using IBM SPSS Sta-
tistics version 29.0.1.1 (IBM Corporation, USA, 2024). Cate-
gorical variables were expressed as absolute numbers and per-
centages and compared using Pearson’s Chi-squared test or
Fisher’s exact test, as appropriate. A p-value < 0.05 was con-
sidered statistically significant. Sensitivity, specificity, positive
predictive value (PPV), negative predictive value (NPV), posi-
tive likelihood ratio (LR+), negative likelihood ratio (LR-),
and overall accuracy were calculated for each Mclsaac criteri-
on and score among RADT-positive children. RADT results
served as the reference standard for these calculations.

Results

A total of 282 patients were enrolled (mean age *
standard deviation: 22.6 + 6.7 months), of whom 143
(50.7%) tested positive on RADT and 139 (49.3%) tested
negative. The study population included 173 (61.4%) males
and 109 (38.6%) females, with the youngest RADT-positive
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child being 6.5 months old. Age distribution and overall
GAS infection prevalence were summarized in Table 1.

No statistically significant correlation was observed be-
tween RADT positivity and clinical indicators such as tonsil-
lar swelling/exudates, temperature > 38 °C, or swollen ante-
rior cervical lymph nodes. Among the Mclsaac criteria, ab-
sence of cough was the only parameter showing a statistical-
ly significant association with RADT positivity. Mclsaac
scores ranging from 1 to 4 did not demonstrate a meaningful

correlation with the presence of GAS pharyngitis. Further-
more, no significant relationships were identified between
GAS pharyngitis and additional symptoms, including rhinor-
rhea, vomiting, abdominal pain, or diarrhea (Table 2).

The receiver operating characteristic (ROC) curve for
RADT-positive patients demonstrated an area under the
curve (AUC) of 0.561. The Mclsaac score’s validity was fur-
ther assessed, yielding an asymptotic significance of 0.072
and a 95% confidence interval of 0.494-0.628 (Figure 1).

Table 1
Age distribution of children with
acute pharyngitis according to RADT results (n = 282)

Patients RADT-positive ~ RADT-negative Total
Age group, months

0-11.9 9 (47.4) 10 (52.6) 19 (6.7)

12-23.9 76 (51.4) 72 (48.6) 148 (52.5)

24-35.9 58 (50.4) 57 (49.6) 115 (40.8)
All patients 143 (50.7) 139 (49.3) 282 (100)

RADT - rapid antigen detection test; n — number.
All values are given as numbers (percentages).

Table 2

Clinical indicators and their association with RADT positivity (n = 282)

RADT-positive

RADT-negative

Clinical manifestations (n = 143) (n = 139) p-value
Tonsillar swelling or exudate 64 (50.8) 62 (49.2) 0.886"
Fever (temperature > 38 °C) 121 (50.8) 117 (49.2) 0.601"
Absence of cough 118 (48.2) 127 (51.8) 0.033"
Cervical node enlargement 9 (56.2) 7 (43.8) 0.648"
Rhinorrhea 55 (52.4) 50 (47.6) 0.497"
Gastrointestinal symptoms -
(vomiting, abdominal pain, diarrhea) 34(472) 38 (52.8) 0.493
Mclsaac score
0-1 25 (64.1) 14 (35.9) 0.072"
2 75 (51.0) 72 (49.0) 0.913"
3 41 (45.0) 50 (55.0) 0.190"
4 2 (40.0) 3 (60.0) 0.681"

RADT - rapid antigen detection test; n — number.
All values are given as numbers (percentages).
Note: * Pearson’s Chi-squared test; ™ Fisher’s exact test. Values that differ significantly

(p < 0.05) are marked in bold.

0.8

0.6

Sensitivity

02

0 02 04 06

Specificity

08 1

Fig. 1 — Receiver operating characteristic (ROC) curve of Mclsaac criteria.
Note: Diagonal segments are produced by ties. The blue line represents the ROC
curve, while the red line represents the reference diagonal (line of no discrimination,

area under the curve — AUC =0.5).
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Table 3
Evaluation of Mclsaac criteria using RADT confirmation

Mclsaac criteria and scores Sensitivity, %  Specificity, %0 PPV, % NPV, % Ac, % LR+ LR-
Tonsillar swelling or exudate 454 55.0 50.9 495 50.1 1.0 0.9
Fever (temperature > 38 °C) 71.3 26.0 485 324 46.1 0.9 2.0
Absence of cough 82.5 8.6 48.1 324 46.0 0.9 2.0
Cervical node enlargement 6.2 94.9 56.2 49.6 50.1 1.2 0.9
Mclsaac score

0-2 69.9 38.1 53.8 55.2 54.3 11 0.7

3-4 30.7 61.9 44.8 46.2 45.7 0.7 1.1

RADT - rapid antigen detection test; PPV — positive predictive value; NPV — negative predictive value;

Ac - overall accuracy; LR+ — positive likelihood ratio; LR- — negative likelihood ratio.

The diagnostic performance of Mclsaac scores com-
pared with RADT results is summarized in Table 3. For
Mclsaac scores 0-2, sensitivity was 69.9%, specificity
38.1%, PPV 53.8%, NPV 55.2%, LR+ 1.1, LR— 0.7, and
overall accuracy 54.3%. In contrast, for Mclsaac scores 3-4,
sensitivity was 30.7%, specificity 61.9%, PPV 44.8%, NPV
46.2%, LR+ 0.7, LR— 1.1, and overall accuracy 45.7%.

Discussion

In this retrospective study, Mclsaac scores did not
demonstrate a significant association with RADT positivity
in children under three years of age with acute pharyngitis.
The predictive validity of the Mclsaac score, as assessed by
AUC, was low, indicating limited effectiveness in distin-
guishing between positive and negative cases. Unexpectedly,
the highest proportion of RADT-positive cases occurred in
children with Mclsaac scores of 0-2. For this group, sensitiv-
ity was 69.9% and specificity was 38.1%, highlighting the
score’s limited ability to differentiate between positive and
negative cases. Conversely, the lowest proportion was found
in children with Mclsaac scores of 3 and 4 (sensitivity
30.7%, specificity 61.9%), suggesting poor performance in
identifying true positive cases. This unexpected observation
may be due to the atypical presentation of GAS pharyngitis
in young children, where symptoms frequently resemble
those of URIs. It is also possible that co-existing viral infec-
tions or underlying immune responses influenced these re-
sults. No significant differences in RADT positivity rates
were observed across the various Mclsaac score groups.

The poor performance of each Mclsaac variable war-
rants further discussion. Previous cohort studies have quanti-
fied the frequency of respiratory infections in infants under
two years, with an average of 3-6 infections per year and a
95th percentile reaching up to 11 infections annually 3 4,
This equates to approximately one respiratory infection per
month, with increased prevalence in winter. Given that URIs
in children under three typically last 10-15 days, symptoms
such as cough are unreliable indicators for distinguishing
GAS pharyngitis from viral infections 3. Nevertheless, our
study found an association between GAS pharyngitis and the
absence of cough, which aligns with prior research suggest-
ing that cough is more indicative of viral infections, whereas
its absence is more specific to GAS pharyngitis °.

Palpable cervical lymph nodes are frequently observed in
young children, with reported prevalence rates of 45-57% due
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to immune system development 6. However, younger children
may struggle to articulate pain, making tender anterior cervical
lymphadenopathy a less reliable diagnostic marker . Similar-
ly, fever, commonly seen in both bacterial and viral infections,
does not effectively differentiate etiology or indicate illness
severity 8. A study has shown that hyperpyrexia does not nec-
essarily correlate with a higher probability of bacterial infec-
tions over viral ones °. In our cohort, elevated temperature had
low sensitivity and specificity, reinforcing its limitations as a
diagnostic criterion for GAS pharyngitis.

Various clinical scoring systems have been designed to
assess GAS pharyngitis risk and guide diagnosis and treat-
ment. A 2021 systematic review of 36 guidelines across 26
countries revealed that most clinical recommendations are
based on symptomatology and age-based assessments, such
as the Centor and Mclsaac scores 2. A meta-analysis examin-
ing 16 distinct scoring methods concluded that no single tool
provides sufficient specificity for pediatric cases, emphasiz-
ing the need for further testing in high-risk children 2. A 2024
systematic review of 14 studies (8 on Mclsaac and 6 on Cen-
tor) concluded that neither score was sufficiently effective for
triaging pediatric pharyngitis cases requiring antibiotics .
Although some previous studies included a limited number of
children under three years of age, these youngest patients
were grouped with older children and were not analyzed sepa-
rately 222, To the best of our knowledge, this is the first study
to specifically evaluate the validity of the Mclsaac score ex-
clusively in children under three years of age, thereby ad-
dressing an important gap in the existing literature.

Half of the children with acute pharyngitis in our study
tested positive for RADTS, suggesting that GAS infections in
young children may be more common than previously
thought. Early studies with immune response-confirmed di-
agnoses reported GAS prevalence rates below 10% in this
age group 2> %, However, a 2010 meta-analysis estimated
that up to 26% of children under five years of age with sore
throat could have GAS pharyngitis %. A large-scale Portu-
guese study in 2021, including 3,128 children under three,
found GAS prevalence rates of 18% in infants under one
year, 27% in children under two years, and 34% in those un-
der three years of age 2°.

Previous studies highlight the risk of diagnostic errors
with RADTs 2" 2, Stefaniuk et al. ¥ reported 14% false-
positive and 8% false-negative rates (PPV 83%, NPV 92%),
while Azrad et al. ?® observed up to 20% false-positive and
5% false-negative results (specificity 73.3%, sensitivity
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80%). These findings underscore the inherent potential for
both false-positive and false-negative outcomes. Further-
more, some children in the study may have been asympto-
matic GAS carriers rather than experiencing active infec-
tions, as epidemiological research from Serbia estimates
GAS carriage rates in healthy children to range between
5.5% and 11.4% 2. Currently, there is no reliable method to
differentiate between acute GAS pharyngitis and asympto-
matic GAS carriage in children with concurrent viral phar-
yngitis *. Future research could focus on developing mo-
lecular or biomarker-based diagnostic tools to distinguish be-
tween these conditions, potentially improving the overall ac-
curacy of clinical decisions.

Limitation of the study

The primary limitation of this study is its retrospective
nature. However, the Mclsaac scores were derived from pa-

tient records, and RADTs were independently administered
by nurses without access to clinical details, minimizing bias.
Furthermore, this research was conducted at a single institu-
tion, potentially limiting the generalizability of findings.

Conclusion

Due to the diverse clinical manifestations of pharyngitis
caused by group A B-hemolytic streptococcus in early child-
hood, the Mclsaac score alone is insufficient for reliable di-
agnosis in children under three years of age. Our study
demonstrated that the prevalence of infections caused by
group A B-hemolytic streptococcus in this age group is high-
er than previously reported. Although further prospective
studies are needed, clinicians should remain vigilant and
consider group A B-hemolytic streptococcus pharyngitis even
when the symptoms closely resemble viral upper respiratory
tract infections.
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Clinical and radiographic outcomes of autologous pulp
transplantation enhanced with concentrated growth factor in mature
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Klinicki 1 radiografski ishodi autologne transplantacije pulpe unapredene
koncentrovanim faktorom rasta kod stalnih nekroti¢nih zuba: klini¢ka studija
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Abstract

Background/Aim. Regenerative endodontic therapy in
mature teeth remains challenging due to limited stem cell
recruitment and apical vascularization. The aim of the
prospective pilot clinical study was to evaluate the
feasibility and preliminary clinical, radiographic, and
functional outcomes of autologous pulp transplantation
enhanced with concentrated growth factor (CGF) in
mature necrotic permanent teeth. Methods. The study
included six systemically healthy patients (five females and
one male, aged 18-27 years) presenting with single-rooted
mature permanent teeth, diagnosed with pulp necrosis and
associated periapical lesions. Autologous pulp tissue was
harvested from extracted third molars and transplanted
into disinfected recipient root canals in combination with
CGF prepared from venous blood. Clinical and
radiographic evaluations were performed at 3, 6, and 12
months. Periapical healing was assessed using cone-beam
computed tomography (CBCT), while pulp sensibility was
evaluated using electric pulp testing (EPT). Treatment
outcome measures included postoperative symptoms, tooth
function, radiographic healing, and recovery of pulp

Apstrakt

Uvod/Cilj. Regenerativna endodontska terapija kod
stalnih zuba predstavlja izazov zbog ogranicene migracije
mati¢nih éelija i nedovoljne apikalne vaskularizacije. Cilj
ove prospektivne pilot klinicke studije bio je da se
procene izvodljivost i preliminarni klinicki, radiografski i
funkcionalni ishodi autologne transplantacije pulpe
unapredene koncentrovanim faktorom rasta (concentrated
growth  factor — CGF) kod stalnih nekroti¢nih zuba.
Metode. Studijom je obuhvaceno Sest sistemski zdravih
pacijenata (pet zenskog i jedan muskog pola, starosti 18—
27 godina) sa jednokorenim stalnim zubima, kod kojih je
dijagnostikovana nekroza pulpe sa prate¢im periapikalnim

sensibility. Results. All treated teeth (6/6) remained
asymptomatic and functional throughout the 12-month
follow-up period, with no postoperative complications,
such as pain, swelling, sinus tract formation, or abnormal
mobility. Progressive recovery of pulp sensibility was
observed during follow-up, and positive EPT responses
(reflecting neural responsiveness) were detected in two
cases at 4 months, one case at 6 months, and in all cases by
the 12-month evaluation. CBCT analysis at 12 months
demonstrated  complete  resolution  of  periapical
radiolucency and restoration of apical bone architecture in
all treated teeth (6/6). Conclusion. Within the limitations
of this pilot clinical study, CGF-enhanced autologous pulp
transplantation was associated with favorable short-term
clinical and radiographic outcomes, as well as recovery of
pulp sensibility in mature necrotic teeth. These preliminary
findings suggest the potential of this biologically based
regenerative approach. However, comparative effectiveness
remains to be established.

Keywords:
biological factors; dental pulp; regenerative
endodontics; stem cells; transplantation, autologous.

lezijama. Autologno pulpno tkivo uzeto je iz ekstrahovanih
tre¢ih molara i transplantirano u dezinfikovane kanale
korena recipijentnih zuba u kombinaciji sa CGF dobijenim
iz venske krvi. Klinicke i radiografske procene sprovedene
su nakon 3, 6 i 12 meseci. Periapikalno zarastanje
procenjivano je pomocu kompjuterizovane tomografije
konusnog zraka (cone-beam computed tomography — CBCT),
dok je osetljivost pulpe procenjivana elektricnim
testitanjem pulpe (electric pulp testing — EPT). Mere ishoda
le¢enja ukljucivale su postoperativne simptome, funkciju
zuba, radiografsko zarastanje i oporavak osetljivosti pulpe.
Rezultati. Svi leceni zubi (6/6) ostali su asimptomatski i
funkcionalni  tokom 12 meseci  pracenja, bez
postoperativnih  komplikacija kao $§to su bol, otok,

Correspondence to: Aliye Kamalak, Kahramanmaras Sutcu Imam University, Faculty of Dentistry, Department of Endodontics, Avsar
Campus West Ring Road Boulevard No: 251/A Onikisubat/Kahramanmaras, Turkiye. E-mail: aliyekamalak@gmail.com



Vol. 83, No. 5

VOJNOSANITETSKI PREGLED

Page 303

formiranje sinusnog trakta ili abnormalna pokretljivost.
Tokom pracenja zabeleZen je progresivan oporavak pulpne
osetljivosti, a pozitivni EPT odgovori (koji odrazavaju
osetljivost nerva) otkriveni su u dva slucaja posle 4 meseca,
u jednom slucaju posle 6 meseci i u svim sluc¢ajevima do
kraja 12. meseca. Primenom CBCT nakon 12 meseci
pokazana je potpuna rezolucija periapikalnog rasvetljenja i
obnova apikalne kostane strukture u svim le¢enim zubima
(6/6). Zaklju€ak. Uzimajuéi u obzit ogranicenja ove pilot
klinicke  studije, autologna  transplantacija  pulpe
unapredena primenom CGF bila je povezana sa

povoljnijim  kratkoro¢nim  klinickim i radiografskim
ishodima, kao i sa oporavakom pulpne osetljivosti kod
stalnih nekroti¢nih zuba. Ovi preliminarni nalazi ukazuju
na potencijal tog bioloski zasnovanog regenerativhog
pristupa. Medutim, uporedna efikasnost tek treba da bude
utvrdena.

Kljucne reci:

bioloski faktori; zub, pulpa; endodoncija,
regenerativna; matiCne Celije; transplantacija,
autologna.

Introduction

Loss of pulp vitality and periapical infection remain
major causes of tooth dysfunction and eventual extraction.
Despite substantial advances in conventional endodontic
treatment, non-vital teeth continue to be at risk for long-
term structural compromise and reinfection. Regenerative
endodontic procedures (REPs) were developed to
biologically restore the structure and function of the pulp-
dentin complex rather than merely obturate the root canal
space ! This paradigm shift in endodontics aims to
reestablish  pulp vitality, enhance innate defense
mechanisms, and preserve long-term tooth integrity.

Initially introduced for immature permanent teeth,
regenerative approaches have recently been extended to
mature teeth. Notably, mature teeth are more likely to
respond positively to electric pulp testing (EPT) than
immature ones (45% vs. 25%), suggesting that mature
necrotic teeth may regain pulp sensibility under appropriate
biological conditions 2. Clinical and radiographic evidence
indicates that REPs in mature permanent teeth can lead to
healing of apical periodontitis and symptom resolution * “.
However, achieving reproducible outcomes in mature
necrotic teeth remains challenging due to limited stem cell
(SC) migration, reduced apical vascularization, and
constrained apical pathways °.

To address these biological constraints, research has
focused on developing biologically driven strategies that
promote angiogenesis, neurogenesis, and reinnervation
within  the canal system. Cell-based regenerative
endodontic therapies have been proposed as a promising
approach to achieve biologically relevant regeneration .
However, the clinical translation of such methods into daily
clinical practice is restricted by the need for good
manufacturing practice-compliant facilities, SC banking,
regulatory constraints, and high costs . Consequently, there
is a growing demand for simplified, autologous, and
chairside-feasible regenerative approaches.

Pulp tissue transplantation, as a biologically sound
alternative, utilizes autologous dental pulp SCs (DPSCs)
within their native extracellular matrix, thereby eliminating
the need for ex vivo cell expansion 8. Favorable clinical
outcomes have been reported when pulp tissue harvested
from extracted third molars (TMs) or primary teeth was
transplanted into necrotic teeth, demonstrating periapical
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healing and restored sensibility ® °. These findings
highlight pulp transplantation as a clinically applicable
cell-based regenerative strategy.

Concentrated growth factor (CGF), the most recent
generation of autologous platelet concentrates, represents
an additional innovation in regenerative dentistry. CGF
provides a dense fibrin scaffold with a sustained release of
bioactive molecules such as transforming growth factor
(TGF)-B, platelet-derived growth factor (PDGF), and vas-
cular endothelial growth factor (VEGF) -3, These growth
factors can enhance cellular proliferation, angiogenesis,
and differentiation of human dental pulp cells, thereby ac-
celerating tissue healing and regeneration 2. Incorporating
CGF into pulp transplantation may thus enhance the biolog-
ical microenvironment for successful revitalization of ma-
ture necrotic teeth . Although CGF has demonstrated
promising biological and preclinical effects, clinical evi-
dence supporting CGF-assisted pulp transplantation in ma-
ture necrotic teeth remains limited, underscoring the need
for investigations like the present study.

Therefore, this pilot clinical study aimed to evaluate
the feasibility and preliminary clinical and radiographic
healing and functional outcomes of autologous pulp trans-
plantation enhanced with CGF in mature necrotic teeth.

Methods

This study was designed as a pilot feasibility clinical
investigation rather than a hypothesis-testing trial. The
study was approved by the Kahramanmaras Sutcu Imam
University Clinical Research Ethics Committee (No. 2025-
KAEK-53) and conducted in accordance with the
Declaration of Helsinki. The study was registered at
ClinicalTrials.gov (ldentifier: NCT07314866). Registration
was completed after recruitment had commenced in order
to ensure transparency and public accessibility of the study
protocol. The study design, inclusion criteria, and
intervention protocol were predefined prior to patient
enrollment, and no modifications were made after
registration. Donor TMs were extracted only when they
were already indicated for clinical removal as part of
routine dental care; no tooth extraction was performed
solely for the purposes of this study. Before participating,
all individuals received a comprehensive briefing on the
study’s objectives, the available treatment options, and the
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potential risks, following which written informed consent
was obtained. To ensure consistency and standardization of
clinical procedures, all were performed by a single
endodontist with over 10 years of clinical experience at the
Department of Endodontics, Faculty of Dentistry,
Kahramanmarag Sutcu Imam University, Kahramanmaras,
Turkiye.

Patient selection and preoperative evaluation

Six systemically healthy patients (five females and
one male, aged 18-27 years) were prospectively enrolled
and treated according to a predefined clinical protocol at
the Kahramanmaras Sutcu Imam University Endodontics
Clinic in 2025. Eligible participants were systemically
healthy individuals presenting with single-rooted mature
permanent teeth exhibiting clinical and radiographic
evidence of pulp necrosis associated with periapical
radiolucency.

Teeth were required to have a probing depth of less
than 3 mm, no abnormal mobility, and no history of
previous endodontic or apical surgery. The study included
only those patients for whom autologous donor pulp tissue
could be obtained from their own impacted or
nonfunctional TMs, already clinically indicated for
extraction. No donor tooth was extracted solely for research
purposes or for pulp harvesting. Patients were excluded if
they had systemic diseases or conditions that could impair
healing (e.g., diabetes mellitus, autoimmune disorders, or
ongoing immunosuppressive therapy), a history of radiation
therapy in the head and neck region, or pregnancy.

Teeth with root fractures, internal or external
resorption, severe calcification, or nonrestorable crown
destruction were also excluded. Patients with poor oral
hygiene, deep periodontal pockets (> 3 mm), or those
unable to comply with follow-up visits were not considered
eligible.

A formal sample size calculation was not performed,
as the study was not intended to test statistical superiority
or comparative efficacy. The final sample size (n = 6)
reflects consecutive eligible patients meeting strict
inclusion criteria  during the recruitment period.
Recruitment was limited by the requirement for suitable
donor TMs and patient consent for autologous pulp
harvesting, which inherently restricted the eligible
population.

All cases were examined clinically and radiographically
using periapical radiographs and cone-beam computed
tomography (CBCT) to assess baseline periapical
radiolucency, root morphology, and apical patency.

Clinical procedures

All treatments were performed by a single experienced
endodontist following a standardized two-visit protocol
(Figure 1).

First appointment (canal disinfection)

After anesthesia with articaine hydrochloride and
epinephrine (Maxicaine®, Vem Pharma, Tirkiye), the teeth
were isolated with a rubber dam. Straight-line access was

REGENERATIVE ENDODONTIC TREATMENT

AND PULP TRANSPLANTATION

@ Extraction of Donor Tooth

@ Preparation of Pulp Tissue

@ Transplantation of Pulp

Fig. 1 — Regenerative endodontic treatment and pulp transplantation schematic (Al-assisted illustration).
CGF - concentrated growth factor.
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created, and the working length was determined using an
electronic apex locator (Raypex 6®, VDW, Germany) and
confirmed radiographically. Root canals were prepared
with stainless-steel K-files (#45-#80) using a step-back
technique. However, apical instrumentation was limited to
#25-#30 to maintain an apical foramen diameter of
approximately 0.25-0.30 mm. During instrumentation,
2 mL of 2.5% sodium hypochlorite (NaOCI) (Microvem®,
Turkiye) was used between each file and activated for 5
min using a sonic device (EndoActivator®, Dentsply
Sirona, Germany), totaling 20 mL per canal. Sonic
activation was used to enhance irrigant penetration while
minimizing cytotoxic effects. Canals were dried with sterile
paper points and medicated with a triple antibiotic paste
consisting of cefuroxime, metronidazole, and ciprofloxacin
(1:1:1). Minocycline was intentionally excluded due to
its well-documented association with tooth discoloration in
REPs 15 18 Therefore, cefuroxime was used as an
alternative  antibiotic to maintain  broad-spectrum
antimicrobial coverage while reducing the risk of esthetic
complications. Temporary restoration was performed using
glass-ionomer cement (GC Fuji Il LC®, Tokyo, Japan).

Second appointment (pulp transplantation and
concentrated growth factor preparation)

After weeks, if no signs of infection were observed,
pulp transplantation was initiated. The donor TM was
extracted under local anesthesia and stored in sterile saline.
The recipient tooth was re-anesthetized with 3%
mepivacaine and isolated with a rubber dam.

The temporary material was removed, and the canal
was irrigated with 5 mL of sterile saline, 5 mL of 2.5%
NaOCl, and 5 mL of 17% ethylenediaminetetraacetic acid
(EDTA) (MD-Cleanser®, Meta-Biomed, Korea). A #25 K-
file was advanced 2 mm beyond the apical foramen to
induce controlled bleeding, not to create a scaffold, but to
provide the essential oxygenation and nutrient supply
required for the survival of the transplanted pulp SCs.

The donor tooth was sectioned under saline cooling,
and the pulp tissue was gently removed and trimmed to fit
the dimensions of the recipient canal. Immediately after
extraction, the donor tooth was stored in sterile saline, and
pulp harvesting was performed promptly under continuous
saline cooling. The harvested pulp tissue was kept moist
and transplanted into the recipient canal without delay. The
extraoral period from pulp harvesting to transplantation
was limited to approximately 15 min in all cases in order to
minimize ischemic injury and preserve tissue viability.

Venous blood was collected into red-top tubes and
centrifuged in a MediFuge® (Silfradent, Italy) using the
following program: 30 s acceleration; 2 min at 2,700
revolutions per minute (rpm) (600 x g); 4 min at 2,400 rpm
(400 x g); 4 min at 2,700 rpm (600 x g); 3 min at 3,000
rpm (600 x g); and 36 s deceleration. The middle fibrin
layer (CGF) was collected as a soft, elastic gel and placed
over the transplanted pulp tissue inside the canal.
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A small piece of Spongostan® was placed above the
pulp-CGF complex as a matrix for mineral trioxide
aggregate  (MTA) (ProRoot MTA®, Dentsply Sirona,
Germany), which was applied as a 3-4 mm coronal plug
positioned 2-3 mm below the cemento-enamel junction.
The coronal seal was completed using glass ionomer (Fuji
Il LC® GC Corp., Japan) and composite resin (Universal
Restorative 200%, 3M ESPE, Germany) (Figure 2).

Outcome measures and definition of success

The primary outcome of this pilot clinical study was
radiographic periapical healing at 12 months, assessed by
CBCT. Periapical healing was defined as the resolution of
periapical radiolucency and restoration of normal apical
bone architecture.

Secondary outcomes included the following:
recovery of pulp sensibility, assessed by EPT; absence of
clinical symptoms, including pain, swelling, sinus tract
formation, or abnormal mobility; tooth survival and
maintenance of functional integrity throughout the follow-
up period.

Treatment success was defined as the presence of
complete periapical healing on CBCT combined with the
absence of clinical symptoms at 12 months. Recovery of
pulp sensibility was considered a secondary functional
outcome rather than a mandatory criterion for overall
success.

Follow-up and data analysis

Patients were monitored at 3-month intervals for 12
months. Clinical evaluation included assessment of pain,
swelling, tenderness, gingival condition, and tooth
function. Radiographic healing was assessed by CBCT at
12 months. CBCT scans were obtained using a standardized
protocol (90 kV, 8 mA, voxel size 0.2 mm, field of view
8 x 8 cm). Images were reconstructed in axial, sagittal, and
coronal planes for evaluation of periapical healing. CBCT
images were evaluated by the treating endodontist with
over ten years of clinical experience. Healing was assessed
by comparing baseline and 12-month CBCT images and
was defined by resolution or marked reduction of periapical
radiolucency, re-establishment of trabecular bone pattern
within the lesion area, and restoration of apical cortical
continuity, when applicable. Images were reviewed in
multiplanar reconstructions (axial, sagittal, and coronal
planes). Blinded assessment and intra-examiner reliability
analysis were not performed, which represents a
methodological limitation of this pilot study. Pulp
sensibility was tested with EPT at 4, 6, and 12 months.

Given the limited sample size and the exploratory
nature of this study, no inferential statistical analyses were
performed. Data were analyzed descriptively using SPSS
version 26.0 (IBM Corp., Armonk, NY, USA). Continuous
variables are presented as means * standard deviations, and
categorical variables as percentages.
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Fig. 2 — Clinical stages of autologous pulp transplantation and regenerative endodontic treatment:
a) preoperative intraoral view of the lower left second premolar; b) rubber dam isolation and preparation
of the recipient tooth at the second appointment; c) canal preparation for transplantation following removal
of the intracanal medicament and irrigation with saline and sodium hypochlorite; d) extraction of the upper left
third molar used as the donor tooth; €) sectioning of the donor tooth under saline cooling; f) harvested pulp
tissue obtained from the donor tooth; g) concentrated growth factor (CGF) prepared from the patient’s venous
blood; h) pulp tissue combined with CGF prior to placement into the root canal; i) placement of mineral
trioxide aggregate (MTA) as a coronal barrier, 3 mm below the cemento-enamel junction; j) application of
a glass ionomer base over the MTA; k) matrix band placement for coronal restoration; and I) final composite
resin restoration of the recipient tooth.

Results

Six patients (five females and one male, with a mean
age of 21.0 + 3.7 years) who underwent CGF-enhanced
DPSCs were evaluated. All patients were systemically
healthy and presented with necrotic permanent teeth
associated with periapical radiolucency. Donor pulp tissues
were harvested from extracted TMs in all cases.
Demographic characteristics, treated teeth, pulp sensibility
responses, and radiographic outcomes are summarized in
Table 1. In one patient, two adjacent teeth (#22 and #23)
were treated during the same clinical session. These teeth
are, therefore, presented as separate cases in Table 1. An
overview of the clinical procedure is shown in Figure 1.

At baseline, the treated teeth presented with clinical
symptoms such as pain, tenderness to percussion, swelling,
or discoloration, along with radiographic evidence of

periapical bone loss. Following treatment, all patients
remained asymptomatic throughout the 12-month follow-up
period. No postoperative complications, swelling, sinus tract
formation, or abnormal mobility were observed. All teeth
remained functional, and coronal restorations were intact at
all recall visits.

EPT demonstrated a progressive recovery of pulpal
sensibility. Positive EPT responses were observed at 4
months in two cases, at 6 months in one case, and at 12
months in three cases. All EPT-positive teeth were clinically
asymptomatic, suggesting recovery of pulp sensibility.

CBCT evaluation at 12 months revealed complete
periapical bone healing in all cases (6/6). According to the
predefined primary outcome (radiographic healing at 12
months) and success criteria (absence of clinical symptoms
and periapical healing), treatment success was achieved in all
cases (6/6). Radiographic assessment demonstrated
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Table 1
Clinical summary of concentrated growth factor -enhanced pulp transplantation cases
EPT
Case  Age, years/ Recipient Donor Initial Preoperative response CBl(23T result N
No.  Sex tooth, # tooth symptoms diagnosis at 4-6-12 at otes
months
months

1 20/female 35 upper  percussion Necrosis, positive at  complete no symptoms
left pain periapical lesion 12 healing during follow-up
™

2 23/male 22 upper  pain Necrosis, positive at  complete no adverse events
left periapical lesion 6 healing
™

3 27/female 31 upper  swelling, calcific positive at  complete delayed response,
left pain, metamorphosis, 12 healing possible trauma
™ discoloration  necrosis effect

4 20/female 21 upper  percussion Necrosis, positive at  complete routine check-ups,
right pain, swelling  periapical lesion 12 healing no complications
™

5 18/female 22/23 upper  fractures, Necrosis, positive at  slower but gingivectomy and
left mild periapical 4-6-12 complete composite
™ percussion lesions on #22 healing lamination may

pain and #23 have delayed
healing

6 18/female 22/23 upper  fractures, Necrosis, positive at  slower but gingivectomy and
left mild periapical 4-6-12 complete composite
™ percussion lesions on #22 healing lamination may

pain and #23 have delayed

healing

EPT- electric pulp testing; CBCT - cone-beam computed tomography; TM — third molar.
Note: # symbol used to identify a specific tooth number in a patient’s mouth.

Fig. 3 — Clinical stages and radiographic outcomes of concentrated growth factor-enhanced autologous pulp
transplantation (Case 1): a) preoperative panoramic radiograph showing the recipient tooth and donor third molar;
b-e) preoperative cone-beam computed tomography (CBCT) images; f—i) CBCT images obtained at the 12-month
follow-up demonstrating resolution of periapical radiolucency and bone regeneration. CBCT imaging parameters:

90 kV, 8 mA, voxel size 0.2 mm, field of view 8 x 8 cm.

Note: the symbol “*”” denotes the recipient tooth, while “<” indicates the donor third molar.
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Fig. 4 — Preoperative and 12-month postoperative radiographic and cone-beam computed tomography (CBCT)
images of concentrated growth factor-enhanced autologous pulp transplantation (Case 2): a) preoperative panoramic
radiograph indicating the recipient tooth and donor third molar; b) immediate postoperative periapical radiograph;
c—e) preoperative CBCT images (sagittal, coronal, axial); f-i) CBCT images at 12-month follow-up showing complete

periapical healing. CBCT imaging parameters: 90 kV, 8 mA, voxel size 0.2 mm, field of view 8 x 8 cm.
Note: the symbol “*”” denotes the recipient tooth, while “<” indicates the donor third molar.

Fig. 5 — Preoperative and 12-month postoperative radiographic and cone-beam computed tomography (CBCT)
images of concentrated growth factor-enhanced autologous pulp transplantation (Case 3): a) preoperative panoramic
radiograph; b) immediate postoperative periapical radiograph; c—e) preoperative CBCT images (sagittal, coronal,
axial); f-i) CBCT images at 12-month follow-up demonstrating bone regeneration and restoration of apical
architecture. CBCT imaging parameters: 90 kV, 8 mA, voxel size 0.2 mm, field of view 8 x 8 cm.

Note: the symbol “*”” denotes the recipient tooth, while “<” indicates the donor third molar.
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Fig. 6 — Radiographic and cone-beam computed tomography (CBCT) evaluation of concentrated
growth factor-enhanced autologous pulp transplantation at baseline and 12-month follow-up (Case 4):
a) preoperative panoramic radiograph; b) immediate postoperative periapical radiograph; c—e)
preoperative CBCT images (sagittal, coronal, axial); f—i) CBCT images at 12 months showing resolution
of periapical pathology. CBCT imaging parameters: 90 kV, 8 mA, voxel size 0.2 mm, field of view 8 x 8 cm.
Note: the symbol “*”” denotes the recipient tooth, while “<” indicates the donor third molar.

Fig. 7 — Preoperative and 12-month postoperative radiographic and cone-beam computed
tomography (CBCT) findings following concentrated growth factor-enhanced autologous pulp
transplantation (Case 5): a) preoperative panoramic radiograph identifying the recipient tooth/teeth
and donor third molar; b) immediate postoperative periapical radiograph; c—e) preoperative CBCT
images (sagittal, coronal, axial); f-i) CBCT images at 12-month follow-up demonstrating periapical
healing. CBCT imaging parameters: 90 kV, 8 mA, voxel size 0.2 mm, field of view 8 x 8 cm.
Note: the symbol “*”” denotes the recipient tooth, while “<” indicates the donor third molar.
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Fig. 8 — Radiographic and cone-beam computed tomography (CBCT) outcomes of concentrated growth
factor-enhanced autologous pulp transplantation at baseline and 12-month follow-up (Case 6): a) immediate
postoperative periapical radiograph; b—d) preoperative CBCT images (sagittal, coronal, axial); e-h) CBCT
images at 12-month follow-up showing complete periapical bone regeneration. CBCT imaging parameters:
90 kV, 8 mA, voxel size 0.2 mm, field of view 8 x 8 cm.

resolution of periapical radiolucency, reformation of
trabecular bone, and restoration of apical cortical continuity.
Slightly slower healing was noted in two teeth that had
undergone additional periodontal and restorative procedures
(gingivectomy and composite laminate restoration), although
complete healing was ultimately achieved. Representative
CBCT images are shown in Figures 3-8.

Discussion

Regenerative endodontic treatment in mature teeth
represents an innovative approach in contemporary
endodontics, aiming not only to eliminate infection but to
biologically restore the vitality and function of the pulp-
dentin complex. This treatment signifies a shift from
traditional endodontic practices, which typically involve
root canal therapy without restoration of the biological
sensibility of pulp tissue. When an appropriate regenerative
strategy is implemented, the dentin—pulp complex in adult
teeth may demonstrate recovery of pulp sensibility
responses and other functional signs. However, clinical
sensibility testing reflects neural responsiveness and does
not by itself confirm histologic pulp regeneration or
vitality. The concept of reestablishing functional pulp
sensibility, rather than merely obturating the root canal,
has, therefore, become a central focus in the current era of
biologically based endodontics *.

Empirical evidence indicates that cell-based approaches
are more likely to achieve biologically relevant regeneration
of the dentin—pulp complex and restore the tooth’s original
function compared with cell-free strategies 2. However, the
clinical translation of cell-based therapies remains limited by
several critical challenges, including the need for SC
isolation and expansion, limited access to facilities compliant
with good manufacturing practices, and the high costs of SC
culture 3. Although various cell sources-such as autologous
dental pulp cells, allogeneic mesenchymal SCs derived from
the umbilical cord, and bone marrow-have been
investigated 4, their routine integration into daily dental
practice is largely impractical due to logistical, ethical,
financial, and regulatory constraints. These limitations
highlight the growing demand for simplified, autologous,
and chairside-feasible regenerative protocols that preserve
biological authenticity while remaining clinically applicable.

In the present study, we aimed to overcome the
translational limitations of cell-based regenerative therapies
by utilizing the intrinsic regenerative potential of autologous
DPSCs without in vitro expansion. Unlike protocols that
require ex vivo cell processing, the SC expansion phase was
deliberately omitted. A previous study has reported that
DPSCs must be transferred to specialized cell processing
facilities and cultured for several days to achieve sufficient
proliferation 3, a process that increases contamination risk,
complicates clinical application, and substantially elevates
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treatment costs. In contrast, in the present study, freshly
harvested pulp tissue was directly transplanted into the
recipient tooth, which served as a naturally protected
biological niche. This environment allows transplanted cells
to survive, proliferate, and differentiate under physiological
conditions, thereby eliminating the need for ex vivo
manipulation and enhancing clinical feasibility.

To minimize immunological reactions and transplant
rejection, DPSCs were obtained exclusively from the
patient’s own non-functional, ectopic, or malpositioned
wisdom teeth requiring extraction. SCs derived from TMs
are considered a suitable source for pulp regeneration due to
their pronounced neurogenic differentiation potential and
neural crest origin > ©. The autologous nature of this approach
reduces the risk of immunogenicity and pathogen
transmission while eliminating ethical concerns associated
with allogeneic or ex vivo—expanded cell sources ’. These
biological and immunological advantages render autologous
pulp tissue particularly suitable for direct transplantation.

When combined with a biologically active scaffold, such
as CGF, this approach may further enhance cell viability,
growth factor release, angiogenesis, and neural regeneration .
Although wisdom tooth pulp transplantation provides an
immediate, fully autologous regenerative strategy, clinical
evidence supporting its efficacy—especially when augmented
with biological enhancers such as CGF-remains limited. The
present study, therefore, contributes valuable clinical and
radiographic data supporting a biologically driven
regenerative model that integrates living pulp tissue with
endogenous growth factors to promote functional
regeneration and periapical healing in mature necrotic teeth.

Current guidelines of the American Association of
Endodontists (AAE) advocate the use of low-concentration
NaOCI (1.5% NaOCI) for canal disinfection during REPs,
primarily to minimize cytotoxic effects on apical SCs 8,
Although higher NaOCI concentrations (5.25%-6.00%)
demonstrate superior biofilm removal, they have been shown
to exert deleterious effects on SC viability and to reduce the
availability of dentin-derived growth factors essential for
regeneration &0 The adverse biological impact of NaOCI
can be significantly attenuated by subsequent irrigation with
17% EDTA, which not only neutralizes residual hypochlorite
but also enhances the release of angiogenic and bioactive
molecules such as VEGF and TGF-B1 . Importantly,
AAE Clinical Considerations are largely extrapolated from
in vitro studies evaluating cytotoxicity to apical papilla SCs
rather than from in vivo assessments of antimicrobial
efficacy . Moreover, current recommendations are
primarily tailored to immature teeth, and standardized
irrigation protocols for regenerative procedures in mature
teeth are lacking. In the present study, a 2.5% NaOCI
solution was selected to balance effective canal disinfection
with preservation of biologically active dentin components,
particularly in the absence of an apical papilla. Based on the
favorable clinical and radiographic outcomes, this
concentration appeared sufficient for antimicrobial control
without compromising periapical SC viability. Adjunctive
irrigation with 17% EDTA was used to mitigate potential
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cytotoxic effects and promote the release of endogenous
growth factors. It should also be considered that in mature
teeth with closed apices, the likelihood of irrigant extrusion
beyond the apical constriction may be reduced compared
with immature teeth. Nevertheless, extrusion risk remains
dependent on irrigation technique, needle design, and apical
preparation size. Therefore, careful irrigation protocols
remain essential to ensure biological safety.

A triple antibiotic paste consisting of cefuroxime,
ciprofloxacin, and metronidazole was selected as the
intracanal medicament. The exclusion of minocycline from
the formulation prevented tooth discoloration, and no
discoloration was observed in any case. With this intracanal
medication protocol, no additional intracanal medicaments
were required throughout treatment.

CGF has emerged as a promising adjunct in
regenerative endodontic therapy, particularly for mature
teeth with necrotic pulp. CGF is free from bovine thrombin
and anticoagulants, addressing limitations associated with
platelet-rich plasma and platelet-rich fibrin. It contains high
concentrations of growth factors, including TGF-B, PDGF,
bone morphogenetic protein, and VEGF. CGF modulates the
biological behavior of dental SCs, particularly within
inflammatory microenvironments, and has been successfully
applied in a limited number of endodontic cases °.

Preclinical studies have demonstrated that CGF
enhances the proliferation, migration, and differentiation of
DPSCs, supporting pulp-like  tissue  formation,
neovascularization, and neural elements 2> 2, The clinical
findings of the present study align with these observations, as
the use of CGF was associated with encouraging periapical
healing findings in this small pilot cohort, along with
progressive recovery of pulp sensibility.

In regenerative endodontic treatments, thermal and
electric pulp tests are commonly used to assess sensibility. A
previous study has reported stable sensibility responses for up
to 12 months in mature teeth treated with biologically based
regenerative protocols % In CGF-assisted pulp transplantation,
positive EPT responses have been reported as early as 3-6
months 2, whereas delayed responses are more frequently
observed in protocols without CGF 2*. Consistent with these
reports, the present study demonstrated progressive recovery
of pulp sensibility, with all treated teeth exhibiting positive
EPT responses by the 12-month follow-up. Although EPT
demonstrated progressive recovery of sensibility, it should be
emphasized that sensibility tests assess neural response rather
than direct pulpal blood flow. That being said, they cannot
conclusively confirm true pulp vitality. More objective
vascular assessment methods, such as laser Doppler flowmetry
or pulse oximetry, provide direct evaluation of pulpal
microcirculation and may offer more reliable confirmation of
revascularization. The absence of vascular vitality testing
represents a limitation of the present study and should be
addressed in future controlled clinical investigations.

Nevertheless, mature teeth present inherent regenerative
limitations due to fully developed root structures and
restricted apical access. Although induced apical bleeding
has been proposed to facilitate mesenchymal SC
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recruitment 2, a previous study indicates that apical
enlargement alone does not necessarily improve sensibility
outcomes %, In the present study, apical foramen sizes
ranged between 0.25 mm and 0.30 mm. Yet, positive
sensibility responses were achieved in all cases, suggesting
that apical diameter alone may not be the primary
determinant of regenerative success.

Although apical bleeding was intended in most cases,
only minimal bleeding was achieved, possibly due to pre-
existing periapical pathology. Unlike previous protocols that
supplemented regeneration with blood harvested from
extraction sockets %, no additional blood transfusion was
performed. Despite this limitation, complete periapical
healing and recovery of pulp sensibility were observed in all
cases in this pilot series, suggesting that CGF-enhanced pulp
transplantation may be less dependent on extensive blood
clot formation and more strongly influenced by viable pulp-
derived SCs and sustained growth factor release.

These  findings  provide preliminary  clinical
observations  suggesting that CGF-enhanced pulp
transplantation may represent a potential alternative

approach to conventional blood-clot-based regenerative
techniques by creating a controlled, growth-factor-rich
microenvironment.  However,  definitive  conclusions
regarding the nature of the regenerated tissue require
histological confirmation. Future histologic and molecular
studies are necessary to determine whether the regenerated
tissue represents true neurovascular pulp or a reparative
pulp-like connective tissue. When interpreted in accordance
with the predefined primary outcome and success criteria,
the present findings indicate favorable short-term
radiographic healing and clinical stability, within the
limitations of a small pilot clinical design.

The present evaluation suggests that CGF-enhanced
DPSCs may be associated with encouraging short-term
periapical healing and recovery of pulp sensibility in this
pilot cohort of mature necrotic teeth. By combining two
autologous biological components—vital pulp tissue and
CGF-this approach may represent a biologically based
regenerative strategy that could be applicable in clinical
practice, although further controlled studies are required.

Limitations of the study

The findings of this pilot clinical study should be
interpreted in light of several limitations. First, the sample
size was small (n = 6), which limits the generalizability of
the results and prevents statistical inference. Second, the
study lacked a control or comparison group, making it
difficult to directly evaluate the relative effectiveness of
CGF-enhanced pulp transplantation compared with other
regenerative endodontic approaches. Third, the follow-up
period was limited to 12 months, and longer observation
periods are required to determine the long-term stability of
the regenerative outcomes. In addition, histological
confirmation of the regenerated tissue was not possible in
this clinical setting; therefore, the nature of the newly formed
tissue could not be definitively verified. Finally, the
requirement for donor TM for autologous pulp harvesting
may introduce selection bias and limit the broader
applicability of this technique. Future controlled clinical
studies with larger sample sizes and longer follow-up periods
are needed to validate these preliminary findings.

Conclusion

Within the limitations of this pilot clinical study,
concentrated growth factor-enhanced autologous pulp
transplantation appeared to be a feasible regenerative
approach for the management of mature necrotic teeth. The
preliminary clinical and radiographic outcomes observed in
this small cohort suggest potential for periapical healing and
recovery of pulp sensibility responses. However, these
findings should be interpreted cautiously due to the limited
sample size and absence of a control group. Further well-
designed randomized controlled clinical trials with larger
patient populations and longer follow-up periods are required
to confirm the reproducibility, biological outcomes, and
long-term clinical effectiveness of this technique.
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Sudden pulmonary edema induced by phenylephrine misuse: a case
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Iznenadni edem pluc¢a indukovan nepravilnom primenom fenilefrina
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Abstract

Introduction. Phenylephrine, a widely used vasoactive drug
in clinical practice, may lead to severe cardiovascular compli-
cations when misused. Among these complications, sudden
pulmonary edema, though rare, warrants the attention of cli-
nicians. The given case report presents a sudden pulmonary
edema caused by the misuse of phenylephrine. Case report.
A female patient aged 68-years undergoing radical mastecto-
my for left breast cancer developed severe hypertension and
hypoxemia 40 min into the procedure. The patient’s medical
history included meningioma but no other significant comor-
bidities. A diagnosis of sudden (acute) pulmonary edema was
made. The patient received prompt treatment, including strict
perioperative blood pressure control, lung protective ventila-
tion, glucocorticoids, diuretics, coronary-dilation and cardio-
tonic drugs, postoperative oxygen therapy, and continuous vi-
tal sign monitoring. Investigation revealed that phenylephrine
had been mistakenly administered intravenously instead of
dexamethasone. She recovered and was discharged one week
postoperatively. Conclusion. This case highlights the risks
associated with the inadvertent administration of a high dose
of phenylephrine, leading to sudden pulmonary edema. It un-
derscores the importance of vigilance among anesthesiolo-
gists, prompt management of complications, and strategies to
prevent errors, including enhanced education for resident an-
esthesiologists, measures to address practitioner fatigue, and
improved drug packaging to minimize look-alike errors.

Keywords:

anesthesia, intravenous; anesthesiologists; intensive
care units; medical errors; phenylephrine; pulmonary
edema.

Apstrakt

Uvod. Fenilefrin, vazoaktivni lek koji se ¢esto koristi u klinickoj
praksi, moze dovesti do teskih kardiovaskularnih komplikacija u
slucaju nepravilne primene. Medu ovim komplikacijama,
iznenadni edem pluca, iako redak, zasluzuje paznju klinicara.
Prikazan je slucaj iznenadnog edema pluca izazvanog
pogresnom upotrebom fenilefrina. Prikaz bolesnika. Bolesnica
starosti 68 godina, koja je bila podvrgnuta radikalnoj
mastektomiji zbog karcinoma leve dojke, razvila je tesku
hipertenziju i hipoksemiju 40 minuta nakon pocetka operacije.
U anamnezi je naveden meningeom ali ne i drugi znacajni
komorbiditeti. Postavljena je dijagnoza iznenadnog (akutnog)
edema pluca. Bolesnici je odmah ordinirana terapija, ukljuc¢ujuci
strogu kontrolu krvnog pritiska perioperativno, protektiviu
pluénu  ventilaciju, glukokortikoide, diuretike, koronarne
dilatatore i kardiotonike, terapiju kiseonikom postoperativno, uz
kontinuirano pracenje vitalnih znakova. Istragom je utvrdeno da
je umesto deksametazona greskom primenjen fenilefrin
intravenski. Bolesnica se oporavila i otpustena je nedelju dana
posle operacije. Zaklju€ak. Prikazani slucaj istice rizike
povezane sa nenamernom primenom visoke doze fenilefrina,
$to dovodi do iznenadnog edema pluca. Time je naglasen znacaj
postojanja opreznosti medu anesteziolozima, brzog resavanja
komplikacija i strategija za sprecavanje gresaka, ukljucujuéi bolju
edukaciju specijalizanata iz anesteziologije, mera za resavanje
zamora lekara prakticara i poboljsanja pakovanja lekova, u cilju
$to manjih gresaka zbog njihove sli¢nosti.

Kljucne reci:

anestezija, intravenska; anesteziolozi; intenzivna
nega, odeljenja; medicinske greske; fenilefrin; pluca,
edem.

Introduction

Phenylephrine is a commonly used vasoactive drug in
clinical practice, primarily for hypotension management

during the perioperative period and in the intensive care
unit. Due to its vasoconstrictive effect, phenylephrine is
administered intravenously (i.v.), either as an infusion or in
small incremental boluses, to increase systemic vascular
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resistance and maintain blood pressure (BP). It is also
commonly used in delicate surgeries with demanding sur-
gical field visualization ! (e.g., otolaryngological endoscop-
ic procedures, ophthalmic mydriasis) as well as for the
treatment of priapism 2. Improper administration of phe-
nylephrine can result in serious complications, including
hypertension, arrhythmias, myocardial infarction, left ven-
tricular failure, and cardiac arrest * 4. Among these, pulmo-
nary edema (PE) is relatively rare.

Previous reports in the literature have primarily de-
scribed cases of sudden PE caused by improper local admin-
istration of phenylephrine, typically with rapid recovery * 5,
This report presents a case of severe, sudden PE induced by
inadvertent i.v. administration of a high dose of phe-
nylephrine.

The patient data were handled according to the Declara-
tion of Helsinki. Written informed consent was obtained
from the patient.

Case report

The patient was a 68-year-old woman (height: 156 cm,
weight: 64 kg) scheduled for a radical mastectomy of the left
breast due to axillary lymphadenopathy that had been present
for 2 weeks. The patient’s medical history included meningi-
oma, for which regular observation had been recommended
by her neurosurgeon, and a prior cholecystectomy.

Preoperative physical examination and laboratory in-
vestigations revealed no abnormalities. Cardiac ultrasound
indicated left ventricular diastolic dysfunction, mild regur-
gitation of the aortic, mitral, and tricuspid valves, and an
ejection fraction of 64%. Liver ultrasound revealed fatty
liver and liver cysts. Bilateral lower extremity vascular ul-
trasound showed no thrombus or other abnormalities. Pul-
monary computed tomography revealed scattered small
nodules and pulmonary fibrosis in both lungs. The electro-
cardiogram showed sinus rhythm with premature atrial con-
tractions.

Upon entering the operating room, the electrocardio-
gram, oxygen saturation (SpO2), and non-invasive BP of the
lower extremities were continuously monitored. The moni-
toring device used was Datex-Ohmeda S/5 CAM. General
anesthesia was induced with i.v. injections of etomidate
(12 mg), fentanyl (0.3 mg), and rocuronium bromide
(40 mg). After the endotracheal intubation, anesthesia was
maintained with propofol (4 mg/kg/hr), sevoflurane
(0.6 minimum alveolar concentration), and remifentanil
(0.2 pg/kg/min). The fraction of inspired oxygen (FiO,) was
maintained at 60%. The tidal volume was set to 400 mL, the
respiratory rate was set to 12 breaths per minute, and posi-
tive end-expiratory pressure was not applied.

Thirty minutes after the start of the surgery, dexame-
thasone (5 mg) was routinely administered via i.v. injection
to prevent postoperative nausea and vomiting. Ten minutes
after the injection, the patient’s BP suddenly increased to
257/134 mmHg, with a heart rate (HR) of 85 beats per min
(bpm) and SpO, of 99%. It was confirmed that BP cuff on
the lower limb and i.v. access were functioning normally.

Xie Q, et al. Vojnosanit Pregl 2026; 83(5): 314-317.

Repeated measurements recorded BP of 245/136 mmHg, HR
of 84 bpm, and SpO, of 98%. When we were about to ad-
minister urapidil for BP reduction, the patient’s BP
(165/82 mmHg) had already started to decrease spontaneous-
ly. Given that the cause of BP abnormality remained unclear,
we suspended the antihypertensive treatment.

Meanwhile, SpO, rapidly dropped to 90%, airway pres-
sure rose to 24 cm H0, and crackles were audible bilaterally
on lung auscultation. FiO, was immediately increased to
100%, with simultaneous manual ventilation. SpO, improved
to 98% after a few minutes. At the same time, the surgeon
observed a strong contraction of the arrector pili muscle in
the patient’s breast, raising suspicions of a drug-related reac-
tion. Upon inspection of the empty medication bottles, it was
discovered that phenylephrine (10 mg, 1 mL) had been mis-
takenly administered i.v. instead of dexamethasone (5 mg,
1mL).

To further assess the patient’s condition, puncture and
catheterization of the right radial artery were performed for
invasive arterial pressure monitoring and blood gas analy-
sis. The first recorded invasive arterial BP at that time was
105/72 mmHg. The blood gas results revealed a partial
pressure of oxygen (PaO;) of 82 mmHg, partial pressure of
carbon dioxide (PCOz) of 38.4 mmHg, and PaO,/FiO;
< 100. Two minutes later, BP began to drop and was stabi-
lized with epinephrine (3 pg/min). Approximately 50 min
later, the patient’s hemodynamics stabilized. During this
period, urinary catheterization was performed, and
methylprednisolone (40 mg), furosemide (10 mg), and in-
haled albuterol (100 mg) were administered to improve
pulmonary oxygenation.

At the conclusion of the operation, the FiO, was re-
duced to 60%, and the SpO, was 100%. Repeat blood gas
analysis revealed PaO, of 171 mmHg and a PCO; of 43.9
mmHg. In the preparation for extubation, we gradually dis-
continued the anesthetic agents and simultaneously tapered
the dose of epinephrine until complete cessation. Simultane-
ously, bloody secretions were observed in the endotracheal
tube, raising suspicion of acute PE. We aborted the extuba-
tion procedure. Morphine (5 mg) was administered, and the
patient was transferred to the post-anesthesia care unit
(PACU) for further observation. Mechanical ventilation was
continued in the PACU under sedation, with dobutamine
administered to maintain stable circulatory dynamics. The
inhaled oxygen concentration was adjusted to 40%. Blood
gas analysis conducted 2 hrs later revealed a PaO, of
113 mmHg, a PCO, of 39.3 mmHg, and no significant
change in PaO./FiO,. Bedside echocardiography showed
preserved systolic function, with an ejection fraction value of
60%. No further bloody secretions were observed during
airway suction, and sedation was discontinued.

Vasoactive drugs were stopped, and the endotracheal
tube was removed after the patient regained consciousness
and hemodynamic stability. The patient was positioned
with the head elevated and observed for 30 min, during
which vital signs remained stable. The patient was then
transferred to the ward with tabplemental oxygen at a flow
rate of 3 L/min.
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On the first postoperative day, the patient underwent a
series of diagnostic evaluations. High-resolution pulmonary
computed tomography revealed exudative lesions in both
lungs and bilateral pleural thickening. Laboratory results
showed aspartate aminotransferase of 46 U/L [reference
range (RR): < 35 U/L], high-sensitivity cardiac troponin | of
0.853 ng/mL (RR: < 0.016 ng/mL), and N-terminal pro B-
type natriuretic peptide (NT-ProBNP) of 2,127 pg/mL. Post-
operatively, the patient complained of chest tightness and
discomfort and was treated with oxygen inhalation at
2 L/min. On the third day postoperatively, re-examination of
the laboratory tests showed normal results. One week after
the operation, chest tightness was relieved, and the patient
was safely discharged from the hospital.

Discussion

This case highlights the occurrence of sudden PE in-
duced by phenylephrine misuse. Phenylephrine is a selective
al receptor agonist commonly used to increase vascular tone
and elevate BP. However, at very high doses, phenylephrine
can also elicit B-adrenergic receptor activation, potentially
leading to tachycardia *. Based on clinical experience, mis-
use of phenylephrine tends to induce significant bradycardia
in patients and may even lead to cardiac arrest in severe cas-
es. However, HR of the patient in this case did not decrease
but remained at 85 bpm, and this special clinical manifesta-
tion also verified the validity of the conclusions from the
aforementioned literature.

Previous reports have documented hypertensive crisis
or acute PE following topical instillation ® or local injection ©
of phenylephrine during pediatric ophthalmic surgeries, as
well as in puerperae with accidental 2 mg administration 7,
all of whom achieved rapid recovery. In contrast, the 10 mg
overdose in our case caused more severe myocardial injury
and PE, with persistent chest tightness requiring daily oxy-
gen therapy for one week postoperatively, highlighting criti-
cal implications for clinical medication safety.

Misuse of phenylephrine caused a sudden increase in
peripheral vascular resistance, which induced left ventricu-
lar end-diastolic dysfunction and a sharp elevation of left
atrial pressure, ultimately leading to acute PE 8 The study
confirmed that rapid BP reduction can alleviate capillary
injury, which also explains the rapid resolution of bloody
tracheal secretions, indicating that timely identification and
standardized management are crucial for avoiding adverse
events °. The relatively severe condition of the patient in
this case was considered to be associated with pre-existing
left ventricular diastolic dysfunction, which lowered the
threshold for PE 0.

Additionally, the patient might have developed transient
left heart failure. This speculation was supported by periop-
erative hypotension and postoperative elevations of myocar-
dial enzymes, troponin, and NT-proBNP. According to the
literature 11, in patients aged 50-75 years, an NT-proBNP
level > 900 pg/mL yields a sensitivity > 90% and specificity
> 84% for the diagnosis of acute heart failure, which further
verifies this inference.

In response to the phenylephrine misuse incident in this
case, we promptly implemented corrective measures. Rooted
in the similar packaging of the two drugs, the error occurred
when the pharmacy misplaced phenylephrine vials into dex-
amethasone storage boxes. We immediately reported this ad-
verse event to the hospital quality control center to raise
awareness among relevant departments and facilitate rectifi-
cation. Meanwhile, we procured specialized storage boxes
for high-alert medications, which are designated for storing
vasoactive agents, potassium chloride, and other high-risk
drugs, to achieve segregation from regular medications; addi-
tionally, we suspended the storage of dexamethasone in
standardized boxes, with clinical demand to be met by phar-
macy dispensing upon request. Given that the involved staff
member was a junior resident physician, not only did we in-
tensify the intensity of pre-service training, but we also add-
ed reflective teaching courses based on clinical adverse cas-
es 2. As confirmed by a previous study 3, reflective training
can improve diagnostic accuracy in uncertain and complex
scenarios, thereby reducing medical errors. Investigation into
the incident revealed that the resident physician had been
experiencing fatigue due to prolonged working hours, which
contributed to the medication preparation error. In China, the
shortage of anesthesiologists and excessively long working
hours are the major causes of professional burnout among
this cohort 4. Similarly, an overseas study has also indicated
that anesthesiologists worldwide are confronted with unprec-
edented work pressure and staffing shortages, with profes-
sional burnout being an extremely prevalent issue 5. There-
fore, improving the working conditions of anesthesiologists
is imperative and urgently requires attention at the national
level.

Following the incident, the relevant personnel reported
it to the hospital’s adverse event management system without
delay. Subsequently, the department convened a special
meeting and decided to temporarily remove the dexame-
thasone storage box from the standard anesthesia drug kits. If
dexamethasone is indeed required during surgery, medical
staff should retrieve it from the operating room pharmacy as
needed.

In the meantime, the department customized a batch of
dedicated storage boxes for high-alert medications, which are
used to store vasoactive agents, potassium chloride, and oth-
er high-risk preparations, thus achieving the classified stor-
age and management of general medications and high-alert
medications.

In addition, the department has specially added a dedi-
cated training module on such medication error incidents to
the standardized training curriculum for resident physicians,
aiming to reduce the risk of recurrence of similar events.

Conclusion

The accidental intravenous administration of a high
dose of phenylephrine (10 mg) poses a significant risk of
sudden pulmonary edema, requiring vigilant attention from
an anesthesiologist. While the patient recovered and was dis-
charged, this case underscores critical lessons for clinical
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practice and highlights areas for improvement. We hope that
this report will serve as a cautionary example for clinicians,
emphasizing the importance of vigilance and precision in
drug administration. Preventing such incidents necessitates a
multifaceted approach, including enhanced post-graduation
education for anesthesiologists, proactive measures to ad-

dress anesthesiologist burnout, and improvements in drug
packaging to minimize the likelihood of medication errors.
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Abstract

In 1885, French neuropsychiatrist Dr. Georges Gilles de la
Tourette was the first to describe a disease of tics. His success
was not unexpected, as he was a student of the renowned
neurologist Dr. Jean-Martin Charcot. Georges Gilles de la
Tourette was born on October 30, 1857, in Saint-Gervais-les-
Trois-Clochers, France, as the eldest of four children.
Immediately after graduating in 1881, he went to Paris for
further training. His special interests included hysteria,
psychotherapy, and hypnotism. By revising an article titled
“Experiments with the Jumpers of Maine’ ’, he concluded that
a somewhat similar disorder exists in different cultures across
the wotld. He soon described additional signs of the syndrome,
including inarticulate sounds, echolalia, and coprolalia, and
accentuated the hereditary nature of the disease. Insightful and
dedicated yet short-tempered and arrogant, Georges Gilles de la
Tourette was an inspiring physician and teacher. He left behind
a significant legacy in the study of involuntary movements,
particularly through his description of the syndrome that would
come to be known as Tourette syndrome. This description of
the syndrome is just a portion of his contributions to neurology
and psychiatry. His work, often met with both admiration and
criticism, reflects the complexities of his personality and the
challenges he faced in his professional life.

Keywords:
dyskinesias; history of medicine; history, 19th century;
tourette syndrome.

Apstrakt

Godine 1885, francuski neuropsihijatar dr Georges Gilles de
la Tourette prvi je opisao bolest tikova. Njegov uspeh nije
bio neocekivan, jer je bio ucenik ¢uvenog neurologa dr
Jean-Martin Charcot-a. Georges Gilles de la Tourette roden
je 30. oktobra 1857. godine u mestu Sen Zetrve le Troa
Klose u Francuskoj, kao najstarije od ¢etvoro dece. Odmah
nakon diplomiranja 1881. godine, otisao je u Pariz na dalje
usavr$avanje. Posebno su ga interesovale histerija,
psihoterapija i hipnotizam. Revidiraju¢i ¢lanak pod nazivom
,Eksperimenti sa ‘Skakac¢ima iz Mejna’ ”, zakljuc¢io je da
slican poremecaj postoji u razlic¢itim kulturama sirom sveta.
Ubrzo je opisao dodatne znake sindroma, ukljucujuéi
neartikulisane zvuke, eholaliju i koprolalijju i naglasio
naslednu prirodu bolesti. Pronicljiv i posvecen, ali i nagle
naravi i arogantan, Georges Gilles de la Tourette bio je
inspirativan lekar i ucitelj. Ostavio je znacajan trag u
proucavanju nevoljnih pokreta, narocito kroz opis sindroma
koji ¢e kasnije biti poznat kao Turetov sindrom. Opis ovog
sindroma predstavlja samo deo njegovog doprinosa
neurologiji i psihijatriji. Njegov rad, cesto docekivan i sa
divljenjem 1 sa krittkama, odrazava sloZenost njegove
licnosti 1 izazove sa kojima se suocavao u profesionalnom
zivotu.

Kljucne reci:
diskinezije; istorija medicine; istorija, 19. vek; turetov
sindrom.

Introduction

In 1885, Dr. Georges Gilles de la Tourette (Figure 1), a
French neuropsychiatrist, was the first to describe maladie

des tics (a disease of tics), a condition that brought him great
fame in medical circles worldwide. His success was not
unexpected, as he was a student of the renowned neurologist
Dr. Jean-Martin Charcot, often called the “Napoleon of
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Neuroses”. Gilles de la Tourette laid the foundations for
understanding neuropsychiatric disorders involving tics and
compulsive actions 2, This article focuses on his life and the
path to the discovery of the syndrome, which today, in his
honor, bears the name Tourette syndrome (TS).

Fig. 1 — Dr. Georges Gilles de la Tourette, portrait.
(available from: https://en.wikipedia.org/wiki/
Georges_Gilles_de_la_Tourette)

Childhood and youth

Georges Gilles de la Tourette was born on October 30,
1857, in Saint-Gervais-les-Trois-Clochers, France, as the
eldest of four children. Significant life events of this
physician are shown in Figure 2. His full name was Georges
Albert Edouard Brutus Gilles de la Tourette. Although his
father was a merchant, several members of his extended
family were physicians, which may have influenced his
career choice **. Not much is known about his early years,
except that he was a brilliant yet mischievous student, known
for his love of challenges. He managed to complete two
years of high school in a single year, which allowed him to

enroll in the Faculty of Medicine at Poitiers, France, at a
young age of 16 *. There was a great deal of excitement that
followed a period of Belle Epoque-a period of peace,
enlightenment, optimism, and economic prosperity in France
from 1871 to 1914. That surely contributed to the aspirations
and ambition of this curious Frenchman to join Parisian
academic circles as soon as possible * 5,

Career in neuropsychiatry

In 1881, immediately after graduating, Gilles de la Tou-
rette went to Paris for further training *.

Three years later, he began his internship under the
mentorship of one of the greatest neurologists of the time,
Jean-Martin Charcot, at the renowned Salpétriére Hospital in
Paris & 7. Persistent and eager not to miss any opportunity, he
worked “at a speed that exceeded human capabilities,” pub-
lishing, teaching, and practicing clinical medicine. His spe-
cial interests included hysteria, psychotherapy, and hypno-
tism 2. Friends described him as a cheerful and lively young
man, though with a somewhat arrogant demeanor and an un-
refined manner of speaking. He passionately engaged in dis-
cussions, often without patience for others’ opinions, which
led to noisy debates ®. Gilles de la Tourette also faced criti-
cism, particularly concerning his behavior, relationships with
colleagues, and interactions with the outside world. One of
his harshest critics was Léon Daudet, a French journalist and
writer, who described him as “neither good nor bad, nor in-
dustrious nor lazy, neither intelligent nor stupid.” He re-
marked that Gilles de la Tourette had “a hoarse and worn
voice, sudden gestures, and a strange gait” ® °. Daudet con-
sidered him “a freak who jumps from one interesting topic to
another, confusing his teachers” and noted that his behavior
worsened over time, becoming less enjoyable °. Although
Daudet’s criticism may have been valid, particularly regard-
ing Gilles de la Tourette’s tendency to start multiple projects
simultaneously, it also highlights his diverse interests. While
studying movement disorders under the supervision of Char-
cot, Gilles de la Tourette wrote a book on spiritualism, sev-
eral history texts, and served as a research associate and

1900.
| 188s. :\"or'd_ o
1857 1881. 1884. Published P""_"S"'Z” in
Gllles. de 1 Tourette Graduated from Eegms an nine cases of ar:;_anl
b the Faculty of internship tic disease medica
Was.homn Medicine with Charcot | congress
k t + - —— - & - {
1850 1860 1870 1880 1890 1900 1910
1873. '
Enrolled in 1s81. 1884. 1893. 1904.
the Faculty of Departure | | poceription of a Attack by the Gilles de la
Medicine in | to Paris boy from Paris patient Tourette died
Poitiers

Fig. 2 — Significant events in the life of Gilles de la Tourette.
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playwright. He also worked as a critic for a French literary
magazine, where he wrote under the pseudonym Paracel-
sus *. Some sources say he even dared to provoke the Ger-
man Empire, writing about alleged hysteria within its army.
This reportedly reached the Chancellor of the German Em-
pire, Otto von Bismarck, who was infuriated by the notion 1.

Description of the syndrome

After Charcot assigned him to classify movement
disorders, Georges Gilles de la Tourette revisited an article
titled “Experiments with the ‘Jumpers of Maine’ “, which
he had translated into French a few years earlier *. It is
known today that he translated such articles into French
with considerable freedom. The reason for such a free
translation is unclear, but in some cases, it seems he did
that on purpose * In “Jumpers of Maine’, American
psychiatrist Dr. George Miller Beard described people from
Maine who, when extremely excited, would “jump,
produce unusual sounds, and mimic other people’s
movements” 1 . This behavior, now recognized as a
culturally specific phenomenon known as “startle
syndrome” (we know it today as a disease distinct from “tic
disease’), intrigued Gilles de la Tourette, who believed
similar cases could be found in other parts of the world
beyond the United States.

He began a literature search and came across two
additional articles describing seemingly similar disorders,
each with names in local languages due to cultural
specificity. The first, called latah-a Malay term, as the
disorder is primarily observed in Southeast Asia, consists
of intense reactions to sudden stimuli and compulsive
utterance of rude language (coprolalia) 2. The second
disorder, known as miryachit (or myriachit in English
transcription), was described among patients in Siberia and
presented a clinical picture similar to that of the ‘Jumpers
of Maine’ 1213,

After studying these works, Georges Gilles de la
Tourette concluded that all the descriptions likely referred to
the same disorder, which he thought was similar to chorea. In
1884, he decided to document a case of a boy from Paris
who appeared to have similar symptoms. This encounter
marked Gilles de la Tourette’s first personal observation of
the syndrome that would later bear his name * 4. The
following year, in 1885, he published an article describing
nine additional cases, using the term maladie des tics (tic
disease) to define the disorder. His mentor, Charcot, later
honored him by naming it “Gilles de la Tourette syndrome”
in recognition of his research * %,

Georges Gilles de la Tourette described additional signs
of the syndrome, including inarticulate sounds, echolalia, and
coprolalia (without accompanying gestures). He correctly
noted that the syndrome typically begins in childhood,
predominantly affects males, and does not impair
intelligence or sensory functions, which remain within the
normal range *. Furthermore, the prevailing belief at the time
supported his assertion that the disorder is hereditary,
although it is now recognized that other factors can also

contribute to its onset 6. Interestingly, just a few years
before the world saw the Eiffel Tower at the 1889 World
Expo in Paris, the medical community was introduced to the
concept of tic disorders.

Events of 1893, downward trajectory, and death

The year 1893 was significant for Georges Gilles de la
Tourette, as it was marked by three major personal tragedies.
First, he suffered the loss of his son, followed shortly by the
death of his esteemed mentor, Jean-Martin Charcot. In the
same Yyear, Gilles de la Tourette was also shot by a patient
(Figure 3) who claimed to have been hypnotized against her
will by one of his colleagues 2. Although the injuries were
not life-threatening, the attack had far-reaching negative con-
sequences. It attracted considerable media attention, resulting
in sensationalized newspaper coverage that tarnished Gilles
de la Tourette’s reputation 3.

Fig. 3 - Hlustration of the attack on Gilles de la Tourette.
(available from: https://commons.wikimedia.org/wiki/
File:Petit-illustre-gdIt.gif)

Nevertheless, after his recovery, he organized a medi-
cal congress during the World Exhibition in Paris in 1900,
and some sources say he did that with great success *’. Un-
fortunately, shortly after the shooting incident, Georges
Gilles de la Tourette’s health deteriorated significantly.
Against his will, he was admitted to a psychiatric hospital in
western Switzerland, where he was diagnosed with tertiary
syphilis & 8. Some sources suggest he was deceitfully taken
there by being told that an important person, in fact a patient,
would be waiting for him in Switzerland 7. Throughout his
time in the hospital, his family remained by his side, provid-
ing support during this challenging period. His health deteri-
orated further 3. Gilles de la Tourette passed away in May
1904 at the age of 47 6.

Damjanovi¢ R, et al. Vojnosanit Pregl 2026; 83(5): 318-322.
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From maladie des tics to Tourette syndrome:
modern neurobiological framing

Although the original synthesis of maladie des tics en-
compassed a broader clinical context, modern neurology
draws a clear distinction, separating tic disorders from startle
syndromes. Gilles de la Tourette’s synthesis included both
culture-bound hyperstartle phenomena (the Jumpers of
Maine, myriachit, and latah) and cases from his own clinical
practice that he added to these hyperstartle phenomena,
thereby placing maladie des tics within a wider clinical
framework . Today, TS is defined as a chronic neurodevel-
opmental disorder characterized by motor tics and vocaliza-
tions (phonic tics) that persist for at least one year 1* 2%, The
pathophysiology of this syndrome has not yet been fully elu-
cidated. TS is thought to result from a disturbance in cortico-
striato-thalamo-cortical (mesolimbic) circuits, including mo-
tor and limbic/associative loops, with consequent disinhibi-
tion of motor and limbic systems 1*22, From a neurobiologi-
cal perspective, a recent narrative review suggests an imbal-
ance in neurotransmitter systems—particularly dopaminergic
and serotonergic signaling—along with structural and func-
tional changes in neuronal networks involved in motor con-
trol 2°, Recent findings broaden the classical neuroanatomical
model of this disorder by indicating that, in addition to the
basal ganglia, other brain regions such as the prefrontal cor-
tex, motor cortical areas, and the cerebellum may also con-
tribute to the pathophysiology of TS 2 %, This supports a

broader, network-based rather than a focal model of the dis-
order.

Furthermore, no single gene or set of genes has been
identified that would explain most cases of TS 24 Multiple
loci have been mapped as candidate susceptibility regions,
and one of the reported findings is a mutation in the SLI-
TRK1 gene (13g31.1), which has been linked to dendritic
growth %, However, this mutation appears to be very rare
and has not been found in large series of affected individu-
als 26, This supports the notion of a complex and heterogene-
ous genetic basis of TS. Overall, these observations point to
the multifactorial and complex nature of TS, underscoring
the need for further research to clarify the neurobiological
and genetic basis of this disorder.

Conclusion

Insightful and dedicated, though allegedly short-
tempered and arrogant, Georges Gilles de la Tourette was an
inspiring physician and teacher. He left behind a significant
legacy in the study of involuntary movements, particularly
through his description of the syndrome that would come to
be known as Tourette syndrome. This work is just a portion
of his broader contributions to neurology and psychiatry.
Although the work of Georges Gilles de la Tourette was
often met with both admiration and criticism, it reflects the
complexity of his personality and the challenges he faced in
his professional life.
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by their trade names, with manufacturer details (name and location) provided in
round brackets. If labels combining letters and numbers are used in the text, ensure
that superscript or subscript numbers are written precisely.

Avoid using bold or italic fonts, as they are reserved for subheadings.
Exceptions include terms that must be italicized, such as gene names or foreign
words in Latin.

Study groups must be clearly defined and consistently named throughout the
manuscript. Use a single, consistent term for the same concept. In the Results
section, avoid sentences beginning with phrases like “Table X shows” or “Figure
X illustrates”. Instead, the sentence should describe the result, with the table or
figure reference placed in parentheses at the end of the sentence. Sentences should
not begin with abbreviations, numbers, or dates. Avoid overly long sentences that
reduce clarity; favor short, clear sentences. The Conclusion should be written with

new sentences, without repeating previously stated ones. Translation of
manuscripts into English using Google Translate may lead to misunderstandings
and is therefore not recommended.

When selecting keywords, use Medical Subject Headings - MeSH
(https://www.nlm.nih.gov/mesh/meshhome.html). Keywords in the accepted
manuscript cannot be altered by the authors, as they are descriptors from the
Thesaurus used by professional indexers.

REQUIRED ACCOMPANYING DOCUMENTS
AUTHOR STATEMENT AND AUTHORSHIP

For every manuscript submitted for consideration for publication in VSP, the
author(s) must provide an Authorship Statement Form (ASF) confirming that the
work has not been previously published and is not simultaneously under
consideration for publication in another journal. The ASF must also confirm that
all authors meeting the authorship criteria have read and approved the manuscript,
and provide contact information for all authors (email address and mobile phone
number). In this form, authors must declare any potential conflicts of interest or the
absence thereof. All authors must sign the ASF by hand.

For additional information on different types of conflicts of interest, see the
recommendations of the World Association of Medical Editors — WAME:
http://www.wame.org.

VSP follows the authorship criteria recommended by ICMJE
(https://www.icmje.org/recommendations/browse/roles-and-responsibilities/defining-
the-role-of-authors-and-contributors.html). Authorship is based on fulfilling all four
given criteria: substantial contributions to the conception of the work, acquisition
of data or analysis/interpretation of data; critical revision of the manuscript for
important intellectual content; approval of the final version of the manuscript to be
published; accountability for all aspects of the published work. All other
contributors who participated in the work but do not meet the authorship criteria
should be listed in the Acknowledgements, specifying their contribution.
Individuals mentioned in the Acknowledgements must provide written consent.

ETHICAL APPROVAL

All research involving humans and/or human material must be conducted in
accordance with the [ICMJE recommendations (https://www.icmje.org/
recommendations/browse/roles-and-responsibilities/protection-of-research-particip
ants.html) and the Declaration of Helsinki, 2024 revision (https://www.wma.net/
policies-post/wma-declaration-of-helsinki/). Authors are required to submit a
scanned copy of the Ethics Committee (EC) approval from the competent
institution that approved the study, showing the date of issuance and the subject of
the research, along with the manuscript. The EC approval should be submitted in
the original language and in English (a certified copy is acceptable).

The Methods section must indicate that the study was approved by the
relevant EC, including the name of the institution and the approval number, and
that it was conducted in accordance with ethical principles for research involving
humans and/or human material.

Patient anonymity must be protected following ICMJE recommendations. For
research involving patient data that could allow direct or indirect identification,
authors must obtain written informed consent from the patient, state in the
manuscript that consent was obtained, and provide it to the Editorial Board if
requested.

For research involving animals, authors must provide approval from the
relevant EC ensuring compliance with international standards for the use of
laboratory animals in research.

The Editorial Board reserves the right to reject manuscripts deemed not
conducted in accordance with international ethical standards.

REPRODUCTION OF PREVIOUSLY PUBLISHED OR UNPUBLISHED
THIRD-PARTY COPYRIGHTED MATERIAL

If previously published illustrations (photographs, diagrams, etc.) are used,
the source must be cited, and permission must be obtained from the journal in
which they were originally published, granting approval for their use in VSP. If
unpublished third-party illustrations (photographs, diagrams, etc.) are used,
permission must be obtained from the original author(s) for publication in VSP.

PLAGIARISM

Since 2012, all manuscripts submitted to VSP are checked for potential
(self-)plagiarism using SClindeks Assistant — Cross Check (iThenticate).
Manuscripts found to contain (self-)plagiarism will be rejected. Depending on the
extent and type of detected (self-)plagiarism, authors may be banned from
publishing in VSP for varying durations. Relevant authorities at the authors’
institutions and appropriate professional associations will also be notified.

USE OF Al

Generative artificial intelligence (Al) or Al-assisted technologies may be used
only in compliance with the principles of transparency (the use of Al must be
clearly stated in the manuscript), accountability (authors remain fully responsible
for the accuracy and originality of the content), verifiability (all participants in the
publishing process must verify that Al has not introduced fabricated data, citations,
or claims), and confidentiality (authors and reviewers are prohibited from
uploading manuscripts submitted to VSP to public Al services).

The use of Al tools is permitted only for limited linguistic and technical
interventions in the manuscript text: grammar and spelling correction, stylistic
refinement of the authors’ text, assistance with formatting, and technical assistance
(such as code correction). Authors may use Al tools exclusively to create Al-
assisted, but not Al-generated content.

Authors who have used Al-assisted content are required to fully and
accurately disclose the use of Al tools (the exact name of the Al tool, date of
access, prompts used, and purpose of use), guarantee the originality of the
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scientific contribution, avoid any fabrication or manipulation, and comply with the
rules of scientific ethics. Information on Al use should be stated in the Methods or
Acknowledgements section.

Using Al tools is prohibited for the following: generating substantial portions
of the manuscript content; creating scientific ideas, data, or results; analyzing or
interpreting results; formulating conclusions; modifying images, tables, or graphs
(including graphical abstracts); altering data or references.

Any unequivocally established improper use of Al will result in rejection of
the manuscript.

Al may not under any circumstances be an author or co-author, nor may it be
cited as an author in the References section.

To protect confidentiality, no part of unpublished research submitted to VVSP
may be entered into a large language model by authors or reviewers.

Authors who have used any Al tools are required to submit an Al Use
Statement when submitting the manuscript.

TYPES OF MANUSCRIPTS

VSP publishes the following categories and types of manuscripts and
communications: Editorial, Original Article, Preliminary Report, Short Report,
Case Report and Case Series, General (Narrative) Literature Review, Mini-
Review, Systematic Literature Review, Meta-Analysis, Systematic Literature
Review with Meta-Analysis, Current Topic, In Focus, Article on the History of
Medicine/Dentistry/Pharmacy, Letter to the Editor, Research Letter, Clinical
Research, Congress and Scientific Meeting Report, Book Review, In Memoriam,
and other contributions.

ORIGINAL ARTICLE

An Original Article presents new and significant findings in a specific field,
with a detailed description of the research methods used, the results obtained, and
the conclusions drawn. The reference list should include the most recent and most
relevant references in the field.

PRELIMINARY REPORT

A Preliminary Report presents research that has not yet been completed, with
findings that require further investigation and validation before final conclusions
can be drawn, but where the obtained information is of interest to the scientific and
professional community. It contains all sections of an Original Article, but in a
substantially abbreviated form. Authors are encouraged to subsequently publish a
full Original Article with complete, validated data and a comprehensive analysis.

SHORT REPORT

A Short Report presents a completed research study that is small in scope,
narrowly focused, and has clear conclusions based on the presented results. It
includes all sections of an Original Article, but in a substantially abbreviated form.
It is considered the final publication of that specific, limited study and cannot be
republished as a full-length article (although follow-up research building on it is
encouraged).

REVIEW ARTICLES

GENERAL (NARRATIVE) LITERATURE REVIEW

A General (Narrative) Literature Review provides a review, critical analysis,
and synthesis of existing scientific knowledge on a selected topic. Authors cover
all available relevant literature over a defined time period, present the results of
relevant studies, identify gaps, limitations, or controversies, and indicate directions
for future research, offering their own perspective on the issue in the form of
concluding remarks.

Authors of this category of article should have published at least five papers
in peer-reviewed journals (M20) in the field of the review topic.

MINI-REVIEW ARTICLE

A Mini-Review provides a concise overview of the existing literature and the
most recent advances within defined aspects of a particular research field, as well
as its new and/or current directions of development.

SYSTEMATIC LITERATURE REVIEW

A Systematic Literature Review synthesizes previously published studies on a
specific topic using clearly defined and pre-established methodological procedures
for study selection and evaluation. The author must use relevant databases, define
inclusion and exclusion criteria, and apply a transparent methodology.

META-ANALYSIS

A Meta-Analysis uses statistical methods to combine quantitative data from
multiple primary studies in order to identify overall trends and assess the strength of
evidence on a specific topic. Authors must use relevant databases, define inclusion
and exclusion criteria, and apply a transparent and reproducible methodology. The
research question must be clearly defined using the PICOS framework, and selection
guidelines and a study flow diagram (PRISMA) must be provided.

SYSTEMATIC LITERATURE REVIEW WITH META-ANALYSIS

A Systematic Literature Review with Meta-Analysis combines qualitative and
quantitative synthesis, using statistical techniques to summarize quantitative results
and qualitative synthesis for descriptive/narrative findings. Authors must use
relevant databases, clearly define inclusion and exclusion criteria, and apply a
transparent and reproducible methodology. The research question must be clearly
defined according to the PICOS framework, with specification of the reporting
guidelines used (e.g., PRISMA) and inclusion of a PRISMA flow diagram showing
study selection.

CURRENT TOPIC

A Current Topic addresses a contemporary, unresolved, or controversial issue
of theoretical and practical importance, presenting the authors’ own research

results or the most recent important data from the literature. The structure of the
article is flexible, and brief concluding remarks with a clear message are
encouraged.

IN FOCUS

An In Focus article provides a thematic, focused analysis or a brief overview
of a scientific issue within the journal’s scope, addressing a topic of significance
for the scientific community and broader professional audience.

CASE REPORTS
CASE REPORT and CASE SERIES (>4, <9)

Case reports or case series present cases with rare or unusual diagnoses,
diagnostic processes, treatment strategies, clinical courses, or treatment outcomes
that may be useful for clinical practice and medical education. The CARE
guidelines should be followed when preparing the manuscript (https://www.care-
statement.org/writing-a-case-report). Written informed consent from the patient is
mandatory.

EDITORIAL

Editorials are non-peer-reviewed texts written by the Editor-in-Chief and/or
members of the Editorial Board, intended to announce a new volume, special
issues, or content of significance for the profession and/or institutions served by
the journal, as well as invited editorial texts. Editorials should not contain
unpublished or original data, and must include a statement of conflict of interest.

LETTER TO THE EDITOR

A non-peer-reviewed comment or critique of a paper published in VSP. It is
written in a free format, with optional citation of relevant literature, and must not
contain unpublished results. It is published at the discretion of the Editor-in-Chief.

RESEARCH LETTER

A Research Letter is a short report of original research, containing
Introduction, Methods, Results, and Discussion in a condensed form (without
separate sections or subheadings) and up to 2 supplementary items (tables/figures).
It does not include an abstract or keywords, but must meet all general manuscript
requirements for consideration, including the peer-review process.

HISTORY OF MEDICINE/STOMATOLOGY/PHARMACY

Manuscripts presenting material relevant to elucidating specific events and/or
portraying notable figures in the history of medicine/stomatology/pharmacy, with
particular emphasis on military medicine/stomatology/pharmacy.

CLINICAL RESEARCH

Clinical Research includes original randomized controlled trials and
observational studies assessing the impact of one or more interventions or
measures on human health outcomes, clinical practice, or health policy.

Manuscripts must be prepared in accordance with international
guidelines (e.g., CONSORT - https://www.consort-statement.org/ or STROBE —
https://www.strobe-statement.org/) and be registered in a recognized public
registry (e.g., ClinicalTrials.gov).

BOOK REVIEW

A Book Review includes bibliographic details of the publication (authors,
original title, publisher, place, and year of publication), a brief summary, and
critical comments on the content, style, and significance of the book in the relevant
field. The manuscript must not exceed 2 pages.

SCIENTIFIC MEETING REPORT

A Scientific Meeting Report presents the activities of a scientific or
professional meeting, highlighting the most important presentations, conclusions,
or recommendations relevant to the wider readership of VSP.

MANUSCRIPT LENGTH

A complete manuscript consists of: title page, abstracts in Serbian and
English with keywords, main text, acknowledgements (if applicable), reference
list, and supplementary material (tables, figures, charts, diagrams, drawings).

For Original Article, General (Narrative) Literature Review, Systematic
Literature Review, Meta-Analysis, and Systematic Literature Review with Meta-
Analysis, the manuscript length may not exceed 5,000 words.

For Mini-Review, Preliminary Report, Short Report, Case Report, Case Series,
Current Topic, Clinical Research, and History of Medicine/Stomatology/Pharmacy,
the manuscript length may not exceed 3,000 words.

Manuscripts in other categories/sections may have a maximum of 1,500
words.

MANUSCRIPT PREPARATION
TITLE PAGE

The first page of the manuscript should include the following:

. Title of the manuscript without abbreviations;

2. Full names of all authors (without academic titles, but with ORCID
numbers included for those who have them) with symbols assigned in the
following order: *, t, §, §, ||, T, **, T1... etc.;

. Full official names of the institutions where the authors work, including

city and country of the institution (the symbols *, t, 1, §, ||, 1, **, 11 ... etc.

correspond to the institutions of each author);

At the bottom of the page, provide the name and surname, postal address,

email address, and phone number (mobile/Viber or WhatsApp) of the

author responsible for correspondence.

ABSTRACT

The abstract and keywords should be provided on the second page of the
manuscript. The abstract should be written in short and clear sentences. For the
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categories Original Article, Preliminary Report, Short Report, Systematic
Literature Review with Meta-Analysis, Meta-Analysis, and Clinical Research, the
abstract must be structured and include the following sections: Introduction/Aim,
Methods, Results, Conclusion. Each section should be written as a separate
paragraph beginning with a bolded heading. The most important results should be
presented, including numerical values and the level of statistical significance. The
conclusion must be directly related to the study results. The abstract must not
exceed 300 words.

For the categories Case Report and Case Series, the abstract should have the
following structure: Introduction (with the aim stated in the last sentence), Case
Report, Conclusion. Each section should be written as a separate paragraph
beginning with a bolded heading. The abstract must not exceed 250 words.

For all other manuscript categories: General (Narrative) Literature Review,
Mini Review, Systematic Literature Review, Current Topic, In Focus, and History
of Medicine/Stomatology/Pharmacy, the abstract is unstructured and must not
exceed 200 words.

Care should be taken in ensuring that the Serbian and English versions of the
abstract are accurate and precise translations of each other. No sentence may
appear in one version without being translated into the other.

KEYWORDS

Below the abstract, list five to seven relevant keywords or phrases that
indicate the content of the manuscript. It is recommended to avoid repeating words
from the title of the paper. When selecting keywords, use Medical Subject
Headings (MeSH) (https://www.nlm.nih.gov/mesh/meshhome.html).

STRUCTURE OF THE MAIN TEXT

Original Atrticles, Preliminary Reports, Short Reports, Meta-Analyses,
Systematic Literature Reviews with Meta-Analysis, and Clinical Research papers
must include the following sections: Introduction (a brief overview of the research
topic, with the study aim stated in the final paragraph); Methods (a precise
description of participant selection and applied methods, including statistical
methods, and the approval number of the competent Ethics Committee); Results
(presented in a logical order, without duplicating the same results in multiple
forms); Discussion (without repeating data already presented in the Results
section; only the obtained findings should be discussed, placing them in the
context of other relevant studies; the discussion and conclusions should be linked
to the study aims, and study limitations should be highlighted if necessary);
Conclusion (derived directly from the study results); Acknowledgements (if
applicable); References.

Manuscripts in the categories General (Narrative) Literature Review, Mini-
Review, Systematic Literature Review, Current Topic, and In Focus should contain
the following sections: Introduction (with appropriate subheadings), Conclusion,
and References.

Manuscripts in the categories Case Report and Case Series should include the
following sections: Introduction (the aim of the paper should be stated in the final
paragraph of the Introduction), Case Report (the patient’s identity must remain
anonymous), Discussion, and References.

A Case Report must not have more than five authors.

QUESTIONNAIRES

All questionnaires used as measurement instruments for any of the
investigated parameters must be translated into the language spoken by the study
participants, with evidence provided of their validation and cultural adaptation to
the participants’ setting.

TABLES AND FIGURES

Tables and figures, the number of which should be appropriate to the length
of the text, should be placed at the end of the main manuscript text, after the
References. The exact position of each item should be clearly indicated in the text.
The final placement of tables and figures will be determined during manuscript
preparation for publication.

Tables

The title should be placed above the table, and explanations (the legend)
below it. Tables should be numbered with Arabic numerals in the order in which
they appear in the text. Tables must be created exclusively in the Microsoft Word
program using the menu Table-Insert-Table, with the exact number of rows and
columns defined. Use Times New Roman font, 12-point size, single spacing.
Tables must be clear and include all elements necessary for the proper
interpretation of the data presented. If the displayed values have ranges or
reference values, these must be specified.

In the legend below the table, all abbreviations used in the table and all
symbols (e.g., superscript letters or bolded values) must be explained. In addition,
the applied statistical methods must be clearly specified.

Figures (Illustrations)

Figures include all forms of graphical material (photographs, drawings,
diagrams, and graphs). Figures should be embedded in the manuscript at the end of
the text, after the References and after the Tables (if any). Figures should be
numbered with Arabic numerals in the order in which they appear in the text.
Capital letters A, B, C, etc., should be used to designate parts of multipart figures.
Letters, numbers, and symbols must be clear, consistent, and of sufficient size to
remain legible after reduction. All elements shown in figures must be saved as
images (not as editable graphic objects) so that their position cannot be altered,
ensuring the accuracy of the data presented. Only digital images with a minimum
resolution of 300 dpi and in JPEG, PNG, or PDF format are accepted. Figures that
do not meet these requirements will not be accepted for publication. The
dimensions of submitted figures should be approximately the same as the
dimensions at which they will be published. If authors are unable to provide digital
photographs, original images should be scanned at a resolution of 300 dpi and at

their original size and submitted in that form. All text in diagrams and graphs
should be written in a sans-serif font for better readability (e.g., Arial, Helvetica),
with a font size of no less than 10 pt. Measurement units and scales must be clearly
indicated. Decimal numbers in graphs must be presented with a decimal point, and
thousands should be separated by a comma (e.g., 1,234.56).

Video supplements (illustrations of the manuscript) may last 1-3 minutes and
should be submitted in AVI or MP4 (FLV) format. A separate still image
representing the video (video thumbnail) must also be provided for use in the
electronic edition and publication in the printed edition, along with a link to the
platform where the video is already hosted.

In the legend below each illustration, all abbreviations, symbols, numbers, or
letters used to explain individual parts of the figure must be defined. For graphs,
the applied statistical methods should be specified where appropriate; for
photomicrographs, details of the staining method and magnification must be
provided.

If photographs of persons (patients) are presented, the face must be blurred or
written consent must be obtained from the person depicted. In imaging materials
(X-rays, CT scans, ultrasound images, etc.), all information that could identify the
patient must be removed. If a figure has been previously published, the source
must be cited, and written permission must be obtained if the material is protected
by copyright.

ABBREVIATIONS

Abbreviations should be used only when necessary, primarily for very long
names of chemical compounds or for terms that are already widely recognized in
abbreviated form (e.g., DNA). For each abbreviation—except standard units of
measurement—the full term must be given at its first occurrence in the text
(including the abstract). The use of abbreviations should be avoided in the title and
abstract; in the title, abbreviations should be used only if absolutely necessary. For
terms mentioned more than 3 times in the text, introducing appropriate
abbreviations is recommended.

DECIMAL NUMBERS

In manuscripts written in English, decimal numbers should be written with a
decimal point (e.g., 22.7), whereas in manuscripts written in Serbian, a comma
should be used (e.g., 22,7). Whenever possible, numbers should be rounded to one
decimal place and reported consistently throughout the manuscript (e.g., if one
value is 32.2, all others should also be rounded to one decimal place, e.g., 32.0).

UNITS OF MEASUREMENT

Length, height, weight, and volume should be expressed in metric units
(meter — m, kilogram (gram) — kg (g), liter — L) or their subunits. Temperature
should be expressed in degrees Celsius (°C), and blood pressure in millimeters of
mercury (mm Hg). Results of clinical and biochemical measurements should be
reported in metric units according to the International System of Units (SI).
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STATISTICAL ANALYSIS

In the Methods section, the applied statistical methods should be described in
sufficient detail to allow verification of their correct use and reproduction of the
analysis. Results must be presented numerically and clearly, with appropriate
measures of variability and reliability (e.g., standard deviation, standard error,
confidence interval). The type of study should be specified, and the manner in
which it was conducted should be described. Inclusion and exclusion criteria must
be stated. The software and the version of the computer program used for statistical
data analysis should be reported. In the Results section, as well as in the legends of
tables and/or figures, the statistical method used to analyze the presented results
must be indicated. The p values should always be written with a leading zero (e.g.,
p > 0.05, not p >.05).

REFERENCES

References should be numbered with Arabic numerals according to the order
of their first appearance in the text (including tables and figure legends). It is
recommended that the majority of cited references be published within the last ten
years. At least 80% of the cited references should be original research articles,
while books, book chapters, and review articles should account for no more than
20% of the total number of references. All references, regardless of the language of
the original source, must be cited in English, with the original language indicated
in parentheses after the reference.

All data on the references must be accurate, and the cited works should be
easily accessible to readers. A DOI number must be provided for each reference.
Citation of articles published in journals indexed in Current Contents, Index
Medicus (MEDLINE), Excerpta Medica, Scopus, and Web of Science is
recommended.

Citation of abstracts, secondary publications, oral communications, unpublished
works, official or confidential documents, Wikipedia, preprints and in press articles,
retracted articles, and articles published in predatory journals is not permitted.

When citing websites, the homepage must not be cited; instead, the specific
webpage from which the information was obtained must be referenced. Each cited
reference must be available for online verification. If a reference is not available
online (e.g., archival material), the author must provide the source from which the
cited material was obtained, or submit a photographed or scanned copy of the
document by emailing it to: strliteratura@gmail.com.

References should be formatted according to the VVancouver style established
by the ICMJE (https://connect.ebsco.com/s/article/Citing-Articles-in-Vancouver-
ICMJE-Style?language=en_US).
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Citation examples:
Article with 1 to 6 authors

Nikoli¢ 4, Biocanin V, Ranci¢ N, DuSpara M, Puri¢ D. Serbian translation
and validation of the SF-36 for the assessment of quality of life in patients with
diagnosed arterial hypertension. EABR Exp Appl Biomed Res 2023; 24(3): 227-
34. DOI: 10.2478/sjecr-2020-0073

Article with more than 6 authors

Kapur VK, Auckley DH, Chowdhuri S, Kuhlmann DC, Mehra R, Ramar K, et
al. Clinical Practice Guideline for Diagnostic Testing for Adult Obstructive Sleep
Apnea: An American Academy of Sleep Medicine Clinical Practice Guideline. J
Clin Sleep Med 2017; 13(3): 479-504. DOI: 10.5664/jcsm.6506

Volume with a Supplement

Smith JA, Brown LM. Effects of vitamin D on immune response. J Nutr Sci
2024; 15(Suppl 2): S45-53.

Issue with a Supplement

Zhou Q, Shi R, Kopjar B, Wang H, Chen D, Li H, et al. Adjacent
Intervertebral Disc Changes in Patients with Isobar Semirigid Dynamic
Stabilization System. Global Spine J 2017; 4(1 Suppl): s-0034-1376699.

Volume with Part (Pt)

Ozben T, Nacitarhan S, Tuncer N. Plasma and urine sialic acid in non-insulin
dependent diabetes mellitus. Ann Clin Biochem 1995; 32(Pt 3): 303-6.

Issue with Part (Pt)

Poole GH, Mills SM. One hundred consecutive cases of flap lacerations of the
leg in ageing patients. N Z Med J 1994; 107(986 Pt 1): 377-8.

Issue with no Volume

Turan I, Wredmark T, Fellander-Tsai L. Arthroscopic ankle arthrodesis in
rheumatoid arthritis. Clin Orthop 1995; (320): 110-4.

No Volume or Issue

Browell DA, Lennard TW. Immunologic status of the cancer patient and the
effects of blood transfusion on antitumor responses. Curr Opin Gen Surg 1993:
325-33.

Pagination with Roman numerals

Fisher GA, Sikic Bl. Drug resistance in clinical oncology and hematology.
Introduction. Hematol Oncol Clin North Am 1995; 9(2): xi—xii.

Book

Printed Book

Ritter JM, Flower RJ, Henderson G, Loke YK, MacEwan D, Robinson E, et
al. Rang & Dale's Pharmacology. 10th ed. London: Elsevier; 2023. p. 3630.

Book in electronic format

Shreeve DF. Reactive attachment disorder: a case-based approach [Internet].

New York: Springer; 2012 [cited 2012 Nov 2]. 85 p. Available from:
http:/dx.doi.org/10.1007/978-1-4614-1647-0

Chapter

In an edited book

Metcalf CS, Smith MD, Wilcox KS. Pharmacotherapy of the Epilepsies. In:
Brunton LL, Knollmann BC, editors. Goodman & Gilman’s The pharmacological
basis of therapeutics. 14th ed. NY: McGrawHill; 2023. p. 385-411.

In an edited electronic (online) book

Halpen-Felsher BL, Morrell HE. Preventing and reducing tobacco use.
In: Berlan ED, Bravender T, editors. Adolescent medicine today: a guide to
caring for the adolescent patient [Internet]. Singapore: World Scientific
Publishing Co.; 2012 [cited 2012 Nov 3]. Chapter 18. Available from:
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YIOYTCTBO 3A AYTOPE

Ipe nogHoMIeHa PYKOIKCA 32 pa3MaTpase 32 00jaB/bUBaIbE Y YACOMHCY
.BojHocanuterckn mperien” (BCII) HeomxomHo je Ja ayTopH NaK/bHBO
Npo4HTajy YHOYTCTBO 32 ayTOpe, KAKO OH PYKOIMC MPUIPEMHIH Y CKIALy ca
NpoNno3uuKjaMa Yaconuca.

Pan koju He HCHyBaBa yCIOBE OBOT YIYTCTBA HE MOKE OMTH pa3MaTpaH H
6uhe BpaheH ayTopuma Jia ra JIOIlyHe U UCIIPaBe.

AyTopu paja mpeHoce CBOja ayTOPCKAa NMpPaBa HA M3/aBaya 4Yacommca
MunucraperBo onbpane Peny6iuke Cp6uje, YHHBep3uTeT 0a0paHe HAKOH
NpPUXBaTamba paja 3a o0jaBsuBame y BCIIL.

BCII ce mpuapxkaBa mnpenopyka MelyHapoaHor KOMHTeTa YpeIHHKa
menuuunckux vaconuca (International Committee of Medical Journal Editors
— ICMIE), Ilpenopyke 3a cnposolemwe, ussewmasgarwe, ypehusamwe u
nyoIUKO8arbe HAYUHUX PaAd08d y MeOUYUHCKUM yaconucuma (DOCTYHHO Ha
https://www.icmje.org/recommendations/).

BCII je moctyman y pexuMy OTBOpeHOr mnpuctyma. CBH 4NaHIM MOTY ce
GecIulaTHO NpEY3eTH Ca CajTa Yacoluca M KOPUCTUTH Yy CKIIady ca JIMICHIIOM
Creative Commons Autorstvo-Deliti pod istim uslovima (CC BY-SA)
(https://creativecommons.org/licenses/by-sa/4.0/deed.en).

CJABE PYKOITUCA

Pykonuc paja ¥ CBH IIPHIO3M y3 Pajl JOCTaBJbajy ce Ko jeJaH JOKYMEHT
(TIpHJIO3U Cy MHKOPIOPHPAHU y TEKCT M MO3MLHOHUPAHU HA KPajy PYKOIHCA M3a
ozesbKa JIutepaTypa) HCKIbYYHBO CJIEKTPOHCKH HPEKO CHCTEMa 3a NPHjaBIbUBAE
Aseestant. Pagu ouyBama kBamuteta otorpaduja, npernopydyje ce I0CTaBbambe
cIMKa M Kao mocebHux dajmosa, jep Word Moxke CMamHTH HBUXOBY PE3ONYLH]Y,
Kako Ou ce u30eria KOMIpecHja CIMKa U eBeHTyalIH! I'yOHTaK KBaJIMTETa.

CBHM ayTOpM M PpELECH3CHTH MOpajy OWTH PErHCTPOBAHH KOPHUCHHUIM
cucTeMa Cca jeIMHCTBEHOM e-Mami ajapecoM. Perucrtpanmjy je wmoryhe
usBpwutu Ha: http://aseestant.ceon.rs/index.php/vsp/user. TexHu4KO ymyTCTBO 3a
xopumheme  cHCTeMa  CNEKTPOHCKE  NpHjaBe  JOCTYIHO  je  Ha:
https://aseestant.ceon.rs/index.php/vsp/about/submissions.

VKonuKo MMate mpoGieM ca IOJHOIICHEM PYyKONHca ITyTeM Iuatdopme
Aseestant mosxete ce oOparuti 3a momoh Penakimju qaconuca ciameM e-Mejiia Ha
azpecy: vsp@vma.mod.gov.rs,

OIIIITA YIIYTCTBA

BCII o6jaBibyje pajoBe KOjH [0 cajia HUCY MPETXOJHO 00jaBibeHH (y LEIHHH
WIH JeJ0M), KOjH ce He pa3Matpajy 3a o0jaBJbHBaEkbe¢ HHUTH Cy npuxsaheHH 3a
00jaBIbHBAE Y HEKOM JIPYrOM YacOIIUCY.

BCII He pa3maTpa pagoBe KOjU Cy NPETXOAHO O0jaBIbEHH Kao IPEHPHHT
Bep3uje.

Yacomuc npuxBaTa W PafoBe UMjU Cy PE3yIATaTH MPETXOLHO IPHKA3aHU HA
HayYHHMM HIIM CTPYYHHM CKYIOBHMA M 00jaBJ/beHH y BUJY allCTPAKTA, IO YCIOBOM
a TH pe3ynrtatd HuCy objaBibenu ca DOI GpojeM (HIp. MPOLIMPEHH AlCTPAKT Y
JIOJIATKy HEKOTI' 4acoIIica).

VKOIHKO je 1e0 pesynrara IOAHETOr PYKOINCA IPETXOAHO CAOILITCH Ha
HayYHOM/CTPYYHOM CKyIy HJIM je Je0 JOKTOpcKe aucepramwje, y IIponpartHom
nucMy YpeIHHUIITBY HOTPEOHO je HABECTH 3BaHMYAH HA3UB CKyIA, MECTO H BpEMe
OJIpKaBamba, M a JIM Cy CAOMIITCHH PEe3yJITaTH MyOIMKOBAaHH U Yy K0joj dhopmu
(HIp. MCTH WIM JAPYraddju HAclOB WM caxerak), a y Hamomenu Ha Kpajy
pyKomuca To Tpeba oCeOHO HA3HAYHTH.

PanoBu ce o0jaBibyjy Ha eHIJIECKOM je3uky. IlojenmHe kareropuje paaoBa
(unp. ucropuja Meauimue/cToMarosoruje/hapmaiije) ce no oAy Y peIHUIITBA
BCII Mmory o0jaBUTH M Ha cprickoM je3uky. CBe KaTeropuje pyKoIHCa OCHM
KaTeropuja yBOAHHUK, IMHCMO YPCAHHUKY, MCTPAKUBAYKO IHCMO, HPHUKA3 KEGHTE,
M3BCIITaj Ca HAyYHOI WM CTPYYHOI CKyna ce 00jaBlbyjy ca amlcTpakTHMa Ha
CPIICKOM H €HITIECKOM je3uKy (y ckiomy pykomuca). O CTpyKTypu U oOumy
ancTpaKTa BHACTH JeTaJbHUjE Y O/1eJbKY ATNCTPakT OBOT YIIyTCTBA.

3a mucame pykomuca kopuctutu nporpam Word, dout Times New Roman,
BeJIMUMHY ciioBa 12, mpopen 1,5. Bennunny crpanune noaecut Ha popMar A4, ca
JIEBOM MapruHoM of 4 1M a npeocrtane tpu 2 um. Teker Kkynatu 6e3 Iesbema pedn
(xudenanmje), a mMociIe CBAKOT 3HAKA MHTEPIYHKIHjE CTABUTH CaMO jedaH mpa3aH
KapakTep. AKO Ce Yy TEKCTy KOPHCTE CHELHjalHU 3Hauu (CMMOOIH), KOPHCTUTH
dout Symbol.

TMomarm o kopumheHoj JUTEpaTypH y TEKCTy O3HayaBajy Ce aparcKuM
OpojeBuMa y CYNEPCKPHUITY, PEIOCIEA0M KOjUM Ce I10jaBibyjy Y TEKCTY.

CTpaHuIe HyMepUCaTh PeJioM y JOEHEM JIECHOM YTIIy, II0YEB O]l PBE CTPaHE
(13y3umajyhu HacIOBHY CTpaHy).

Ilpy nucamy TEKCTa HA CHIVIECKOM je3WKy IPHAPXKABATH CE jE3MYKOT
cranzapaa American English. O6asesno je kopumheme mehyHapogHor cucrema
Mepa (SI). M3yserax unse kpsHu npurncak (mm Hg) i temperatura (°C).

IpuiikoM TmHcama KOPHCTE ce craHgapaHe ckpahennme. I3GeraBati
ckpalieHHIIe Y HACIIOBY M aICTPAKTy OCUM YKOJIMKO je HeomnxojHo. ITyH Ha3uB ca
ckpaheHHIIOM y 3arpaJn HABOIU CE y BCHOM HPBOM IIOMHIbABY, & 1a/bE Y TEKCTY
camo ckpaheHnIe, Kako y alCTPaKTy TaKO M y TIIABHOM TEKCTy. Y 3aKibyd4Ky paja
(He anicTpakra) Hema ckpaheHuIa.

He xopucTHTH KOMEpIHjalHa HMEHA JIEKOBa U APYTUX HPernapara, a yKOIuKO
je TO HEONXOJHO Y3 HHMXOBE Ha3WBe 00ABE3HO HABECTH M TI'CHEPUYKA HMMEHA.
VYpehaju (amapati) ce o3HauaBajy (aOpuukuM HasuBHMA, a MOJATKE O
npousBohady (Ha3HB M MECTO) HABECTU y OOJIMM 3arpajgama. YKOIHKO Ce Y TEKCTy
KOPHCTE O3HaKe Koje Cy CIOj clioBa M OpojeBa, MpeLM3HO Hamucaté Opoj Koju ce
jaBJba y CyHepPCKPUITY WU CyOCKPHIITY.

Ws6eraBatn ¢ontose bold u kypsus (italic) jep cy pesepsucanu 3a
nojHacyiose. M3yserm cy 06aBe3HO IHCame Kyp3HBOM OHMX Ha3WBa KOjH CE TaKo
Mopajy mucaty (HIIp. THU HIIH CTPaHe PeUH - JIATHHCKN).

I'pynie ucnuranuka Mopajy OMTH jacHO aedMHHCAaHe M JOCIEIHO HMEHOBAHE
KpO3 €0 paj. 3a HCTH M0jaM KOPHCTHTH jeaH, jeAHHCTBEH TEPMHUH KPO3 LIEO paj.
VY opespky Pesyntatn u3beraBati pedeHuIe Koje mounmy ca: ,, Tabena X mokasyje
“ mm ,,Cinka X mpukasyje”. PedeHnna Tpeba Jja omuIIe pe3ynTaT, a O3HaKa

Tabele WM CIMKe Ja CTOjU Y 3arpajn Ha Kpajy ommca. Pedenuie He 61 TpeGano
nounmaTH ckpaheHuioM, OpojeM MM JaTymoM. M3beraBatm mpeayrauke
peUCHHIC KOje yMamyjy jacHONy TekcTa M JaTH MpPEJHOCT KpahuMm jacHUM
peueHHIamMa. 3aksbydak (OpMyIIHCaTH HOBHM peucHHIaMa, 6e3 mpenucuBama Beh
nspeuenux. [IpeBon pamoBa Ha eHriiecku jesuk mocpexncrtBom Google Translate
MOJXe H3a3BaTH Hepa3yMeBambe TEKCTa H CTOra ce He Mperopydyje.

V usbopy weyunnx peun kopuctutu Medical Subject Headings — MeSH
(https://www.nlm.nih.gov/mesh/meshhome.html). Kibyane peun y npuxsahenom
PYKOIMCY HE TOMAJEXY ayTOPCKO] KOPEKTYpH, IOIITO Cy OHE ACCKPHITOPU U3
Tesaypyca Kkoje oapel)yjy cTpyuHH HHICKCEPH.

OBABE3HA IIPATERA JOKYMEHTA
HU3JABA AYTOPA U AYTOPCTBO

3a cBakM PyKOIHC KOjU Ce MOJHOCH Ha pa3Marpame 3a objaBibuBame y BCII
HEONXOo/HO je na ayrop(u) gocrasu(e) OOpasai 3a uzjaBy o ayropctsy (M3jaBy
ayTtopa) 1a paj NPETXOAHO HHUje MyOJIMKOBAaH M Ja HUje HCTOBPEMEHO MOIHET 3a
00jaBIbHMBaE y HEKOM JPYTrOM YacOMNCY, J1a Cy PYKOIIMC MPOYNTAIH U OX0OPHIH
CBH ayTOpH KOjU HCIIyHaBajy KPUTEPHjyMe ayTOpCTBA, M KOHTAKT IOJATKE CBHX
ayropa y paxy (umejn aapecy, 6poj mMobwiHor Tenedona). Y oBom obpaciyy ce
ayTopH u3jalimbaBajy o cBakoM Moryhem cyko0y MHTepeca WM HErOBOM
ozcyctBy. CBu ayTopy Mopajy M3jaBy ayTopa moTIICaTH CBOjepydHO.

3a nonatHe MHQOpManuUje 0 pasIMUYMTHM BpCTaMa CykoOa MHTepeca BHIECTH
npenopyke CBETCKOr yapyXema ypelaHHKa MeauuuHckux uacomuca (World
Association of Medical Editors — WAME; http://www.wame.org).

BCII nomrtyje npenopyke KpuTepHjymMa 3a ayTopcTBo Koje aaje ICMJE
(https://www.icmje.org/recommendations/browse/roles-and-responsibilities/defining-
the-role-of-authors-and-contributors.html). AyropcTBo ce 3acHMBa Ha HCIYIbEHY
CBa YETHPH KPHTEPHjyMa: 3HAYajHOM JONPHHOCY KOHICTIIHjH paja, IoOujamy
pesyiTaTa WM aHaJIM3W/TyMadery pe3yiTaTa; KPUTHYKO] PEeBU3UJU PYKOIHCA OJ
3HATHOT MHTEJIEKTYAIIHOT 3Ha4aja; ofno0pemy (pMHAIHE Bep3Hje pyKomuca Koja he
OutH o0jaBJbeHA W IIpey3HMakry OATOBOPHOCTH 33 CBE AacIeKTe 00jaBJbEHOT
canpxaja. CBM ApYrH YYECHHIM KOjH Cy IONpPHHENM HM3paad paja, alld HHCY
HCIIyHWIU TIPONUCAHE KpUuTepHrjyme Tpedano 61 na Oyry HaBeIeHH Y 3aXBalHHLH
y3 TIpenmsupame gonpruHoca pany. Iorpe6Ho je 1a ocobe HaBeneHe y 3aXBaTHUII
J1ajy TIHCMEHY CarjiacHOCT.

ETHYKA CAI'VIACHOCT

CBa wHCTpaKMBamba KOja YKJbYYyjy JbYA€ H/WIM XyMaHH MaTepujai
Mopajy Outm cmpoBeaeHa |y ckiagy ca  npenopykama ICMIJE
(https://www.icmje.org/recommendations/browse/roles-and-responsibilities/protection-
of-research-participants.html) n Xencunmkom pexmaparmjom, pesusuja 2024
(https://www.wma.net/policies-post/wma-declaration-of-helsinki/). CkeHupany
ctpany no3one Etnuke komucuje (EK) HamnexxHe HHCTHTYIMjE Koje je oqo0puna
UCTpaXKMBare, Ha KOjoj ce BUAM NaTyM WU3[aBamba U IPEIMET HCTPakuBaiba,
aytopu cy y obaBe3u Jla J0CTaBe MCTOBpeMeHO ca pykonucoM. [lo3soma EK ce
JIOCTaBJba HA je3UKy HA KOME je M3/laTa M CHIVIECKOM je3HKy (MOXKe M OBepeHa
KOIHja).

VY oxemky Metoae Mopa OUTH HaBEJCHO Ja je CTyAHja 0100peHa OJ cTpaHe
Hauiexnor EK, y3 naBoheme HasuBa MHCTUTYLMje M Opoja omilyKe, Kao H Ja je
CIPOBEICHA y CKIAJy Ca €TUYKUM NPUHIHUIHMA 32 MCTPAXKHBAKbA KOja YKIbYUY]y
JbyJie W/WIM XyMaH! MaTepHjall.

AHOHUMHOCT mauMjeHata Mopa Outu 3amrtuhena y ckimagy ca ICMIJE
nperopykaMa. 3a cBa HCTpaKMBamba Koja YKJbY4yjy MOJaTKe O MalUjeHTUMA KOji
omoryhaBajy IMpPEKTHY MJIH MHAMPEKTHY MACHTH(HKALH]jy, ayTOpU Cy 00aBe3HH
Jna npubaBe NHCAHU MPUCTAHAK HHAOPMMCAHOr MALMjeHTa, Na y PYKOIHCY
Ha3Haue Ja je NMPHCTaHAK MalMjeHTa MpHOaBIbeH, M Ja ra Mo Motpedu aocTaBe
YpeaHumrBy.

V ciydajy ucTpakuBama Ha JKHBOTHE-AMa, ayTOpU Cy MYXKHH Ja JOCTaBe
ofobpeme HamiexHor EK koju Boam Opury o mnomroBamy MelhyHapoIHHX
cTaHJap/a o ynorpebu 1a60paTopujCKUX KMBOTHIHA Y HCTPAKUBAYKE CBPXE.

VpeaHUIITBO MOXe OZOUTH pajoBe 3a KOje MPOLEHH a HUCY M3BEJCHH Y
CcKJIajy ca Mel)yHapOJHUM eTHYKUM CTaHJapANMa.

PENPOAYKOBAIE NPETXOJHO OBJAB/BEHOTI 3AIITUREHOT
MATEPHJAJIA W/IWJIA HEOBJAB/bEHOI' TYBEI' MATEPUJAJIA

VKOIMKO ce KOpHCTe MpeTXoqHo objaBibeHe wiycrtpaumje (pororpaduje,
cxeme) y3 00aBE3HO LUTHPABE HM3BOpA MHPEy3UMama IOTPEOHO je MOCTABUTH
J103BOITY (MHCAHO 0JI00pEIbe Yaconuca y KoMe cy o0jaBibeHe) 3a BHXOBY 00jaBy y
BCII. Ykomnuxko ce kopucte Tyhe Heobjasene niycrpauuje (pororpaduje, cxeme)
MOTPeGHO je JOCTAaBUTH JI03BOJTY ayTopa HIIyCTpalyja, 3a ibuxoBy o0jaBy y BCIL.

NJIATHJAPU3AM

Op 2012. roguHe CBH PYKOIHCH [JOCTaBIbeHHM Ha pasmarpame y BCII
MOABpraBajy ce IpoBEepUM Ha MHOTEHILHMjAIHM (ayTo)ILUIarHjaph3aM I[OCPEICTBOM
SClIndeks Assistant — Cross Check (iThenticate). Pykomucu kox Kojux ce aoKaxe
(ayto)mnarujapusam 6uhe ondujeHn. Y 3aBHCHOCTH OJf CTEHIEHa U BPCTE yTBpheHOr
(ayTo)miarujapusama aytopuma ce Moxke u3pehu 3abpana objasbuBama y BCII-y
(pa3nuuuTe Ay)KHUHE Tpajara), y3 00aBelITekhe HAUISKHUX Tella Y HHCTUTYLHjama
y KOjUMa ayTOpH pajie U PeIeBAHTHUX MPO(ECHOHAHNX yAPYKeHba.

KOPHUIIREILE Al

IenepaTuBHa BemTauka uHTenurenumja (artificial intelligence-Al) wmm
TexHonoruje koje kopucre momoh Al (Al-moTmomorHyTe) MOry ce KOPHCTHUTH
caMo y3 IOIITOBake Hadela TpaHcmapeHTHocTH (ymotpeba Al mopa Outn jacHO
HaBeJICHA Y PYKOIIHCY), OATOBOPHOCTH (ayTOPH OCTajy Y IOTIYHOCTH OJTOBOPHH
32 TAUYHOCT M OPHTHHAIHOCT Cajpikaja), HPOBEPIBHBOCTH (CBH YYCCHHLH Yy
yOIMIMCTHYKOM HpOIlecy MOpajy NpoBepuTH 1a Al Huje yHena H3MHIIJbEHE
[OJaTKe, LHTATe WIN TBPAIbE) U MOBEPIHUBOCTH (AyTOPHUMA U PELCH3CHTHMA je
3abpameHO yuuTaBame pykormca noguernx y BCII y jaBue Al cepsuce).
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VYnorpeba Al anara je JomylmTeHa caMo 3a OrPaHHYCHE je3HYKE U TeXHHUYKE
MHTEPBEHIIMjE Y TEKCTY PYKOIHMCA: HCIPABKY I'PAMaTHKE M HPAaBOIKCA, CTHICKO
JIOTepHBaEbE ayTOPCKOT TeKeTa, moMoh Ipu (popMaTuparmy, TeXHUUKY aCUCTCHIH]Y
(mormyT MCIpaBibama Koja). AyTopu MOry KOpUCTHTH Al ajate HCKJbY4HBO 3a
kpeupame Al-morTomortyror, amu He u Al -reHepucaHor caapxaja.

Ayropu Koju cy kopuctuiau Al-IOTIOMOTHYT cajpxkaj y obaBesu cy jaa
MOTIYHO M TauyHO HaBeny ynoTpeOy Al anara (Tauan HasuB Al amara, gatym
npuctyna, KopuinheHe ymuTe M CBpXY ynoTpe6e), rapaHTyjy OpPHTHHAIHOCT
HAy4YHOT JONpUHOCcA, u3beraBajy 6mino kakBy (abpuKalujy WiIn MaHUMYTALUjy U
HOIITYjy TpaBmiia HaydyHe eTuke. MHopmammje o kopumhemy Al ce HaBoxe y
ozxesbKy Metone nin 3axBaHHLA.

3abpameHo je xopuctuTH Al anate 3a reHepucame Beher jgena caapxkaja
pyKoIMCa, KpEHpame HaydHHX HAeja, MOJATaKa M pesylrara, aHaiuzy u
HHTEpIpeTanujy pesyinTara, (popMupame 3aKbydaka, H3MEHy CIHKa, Tabera
nnu rpadukona (ykibydyjyhn rpaduuke caxerke), M3MEHy II0JaTaKa HIH
pedepeni.

HensocmucnieHo yrepheHa HezmomymiteHa ymorpe6a Al 3a mocienuiy uMa
onbujame paja.

Al H1 y KOM ciTydajy He MO)e OMTH ayTop HIIM KOayTop pajia, HATH MOXe Kao
ayTop O6uTH LMTHPaH y ofesbKy JInTepaTypa.

Pany 3amITHTEe TOBEPJHUBOCTH, HHjEJAH /IO HEOOjaBILEHOT HCTPAXKHBAEA
noctaBsberor BCII He cMe OUTH yHET y BEIMKH je3UYKH MOZEN O] CTpaHe ayTopa
WM PETICH3EHTA.

AyTopu Koju cy KOpucTHINM Heku o Al amara cy y obaBesu 1a NPHINKOM
TOJTHOIICHA pyKoIHca nojHecy u M3jaBy o xopunihemy Al

THUIIOBHU PYKOIIUCA

'V BCII ce o6jaBibyjy cieznehe KaTeropuje U THIIOBH PYKOIHCA M CAONIITEeHba:
YBOOHUK, OpUI'HHAJIHU paj, MPETXOAHO CAONIITCIHE, KPATKO CAOIIITCHE, IIPUKa3
cllydaja M CepHja CllydajeBa, OMIUTH (HApPAaTHBHH) HPEINEA JUTEPaType, MHUHH
Tnperuen, CHCTEMATCKH Mperyex JHUTEpaTrype, MeETa-aHalln3a, CHCTEMATCKHU
Hperiejl JHTepaType ca MeTa-aHalH30M, akKTyelHa Tema, y (OKycy, pax u3
ucropuje MeauuuHe/cromaronoruje/hapmanuje, IUCMO YPEAHUKY, HCTPAKUBAYKO
HHCMO, KIMHIYKO MCTPaKUBahe, H3BEIITAj ca KOHIPeca U HayYHOI' CKyIIa, IIPHKa3
kmure, In memoriam u apyru npunosu.

OPUT'MHAJIHA YJIAHAK

[puka3syje HOBa u 3HauajHa otkpuha y onpeheHoj obmactu y3 aeTasbaH Onmc
kopumheHHX METOJa MCTPaXKHBama, JOOMjEHHX pe3yiTaTa W HM3BEACHHX
3abydyaka. Jlucta pedepenmm Tpeba ma yKJbydd HAjHOBHjE M HAjBa)KHHje
pedepente u3 obnactu paja.

MNPETXOJHO CAONIITEWBE

TlpeacTaBiba NpPHKa3 HCTPAKMBaKka KOja HHUCY 3aBpIICHA, ca HalasHMa
KOjU 3axTeBajy [IOJaTHAa HCTPaXKMBaka M BalMIAlWjy Mpe KOHAYHUX
3aKJbydaKa, ajqu ¢y JobujeHe nHpopManuje o1 HHTEpeca 3a Hay4dHy H CTPYUHY
jaBHOCcT. Cazipku CBa MOrJaB/ba Kao OPUTMHAIHM HAy4YHM YIaHAK, ald y
3HaTHO cKpaheHoM o6uMy. AyTopH ce MHOJACTHYYy Jia KacHHje objaBe IyHY
OpUTMHANIHY HAy4YHY CTYAHjy Ca KOMIUICTHHM, BaJIWAHPAHUM IMOAALMMa H
CBEOOYXBATHOM aHAJIM30M.

KPATKO CAONIUTEILE

IlpencraBiba 3aBPLICEHO MCTPAKUBAKBE KOje je Malo MO OOHMY, YCKO
(boKycHpaHO Ca jaCHMM 3aKJbyd4lIMa Ha OCHOBY IIPEICTABJbCHUX peE3yITaTa.
Caap)lm CBa IorjlaBjba Ka0 OpUIrMHAJIHK HAyYHH YIaHaK, aJlil y 3HaTHO CKpahCHOM
obumy. Cmarpa ce KOHayHOM IyOJIMKaLMjOM TOT cHEeU(HYHOT, MaJor
ucTpakuBama. He Mojke ce TOHOBO 00jaBUTH Kao WIaHAK IyHOT obuMa (Mako ce
MOAICTHYE HAKHATHO UCTPAXKUBALE KOje Ce HA/lOBE3Yje Ha Iera).

NPETJIEAHU YIAHOU
ONIUTHA (HAPATUBHMN) IIPETJIE]] IUTEPATYPE

Ilpernen, KpUTHYKA aHAM3a M CHHTE3a NoCTojehnMX HaydyHMX ca3Hama o
n3abpaHoj Temu. Aytopu 00yxBaTajy CBY AOCTYNHY mpumnajaajyhy murepatypy 3a
ozipel)eHn BpEMEHCKH MEpPHOJI, TIPHKA3yjy pe3yaTaTe PEeleBaHTHHX HCTPaKHBamba,
uaeHTU(GHKY]y HEOCTaTKe, OrpaHHUyYeHa WM KOHTPOBEP3e U yKasyjy Ha HpaBle
Oynyhnx ncrpaxusama, 1ajyhu cBoje Buherme mpobiieMa y BHIy 3aKJbYIHOT CTaBa.
AyTOpH 4sIaHKa OBE KaTeropHje Mory OMTH OHM KOjH Cy 00jaBUII MUHHMAJIHO TET
pagoBa MyOIMKOBaHMX Yy wYacomucuma c pereHsujom (M20) wu3  obiactu
HPErJIeHOT paja.

MMHWHMU NIPETJIEJHHA YJIAHAK

Caxer mnpersen mnocrojehe auTepaType M HajHOBHjUX Jocturiyha yHyTtap
neduHHCcaHMX acmekata oapeheHe MCTpakMBadke 00NacTH W HEHH HOBH H/WIH
AKTYEJIHH IPaBLHU pa3Boja.

CHUCTEMATCKH IPETJIE] JIUTEPATYPE

CuHTe3a NpeTX0HO 00jaB/beHUX HUCTpaXkuBama 0 oapeheHoj Temu kopuinhemem
jacHo JeduHMCAaHMX ¥ yHanpex OApeheHHX METOONIOMIKUX IIOCTyIaKa 3a
CeNeKIHjy ¥ eBalyalujy. AyTop Mopa Ja KOPUCTH pelieBaHTHe 0a3e mojaraka,
MOCTaBU KPUTEPUjyME YKJbYYHBaka M HCKJbYYHBamba CTyJHja W HPHMECHH
TPaHCHAPEHTHY METOLOJIOTH]Y.

META-AHAJIM3A

KopucTi  CTaTHCTHYKE MeEToJe 33 KOMOMHOBAaHkE KBAaHTHUTATHBHHUX
HoJaTaka M3 BHUIIC HNPUMApPHUX CTyAUja Kako OM ce MICHTH(UKOBAIH OIIITH
TPEeHJOBH M TpPOLCHWIA CHAara Joka3a o oapeheHoj Temu. AyTop Mopa naa
KOPHCTHU pelieBaHTHe 6a3e mojaraka, Ae(pUHHUIIE KPUTEPUjyMe 33 YKIbYUHBAIbe
U MCKJbY4NBAIbE U MIPUMEHN TPAHCHAPEHTHY U PEIPOAYLHOUIHY METOIONIOTH]Y.
HeomxonHo je jacHo meduHHcame ucTpaxupaukor nutama (PICOS oksup),
HaBoheme cMepHHIa 3a 0mabMp M AWjarpaMa TOKa 3a CEICKUHjy CTyIuja
(PRISMA).

CUCTEMATCKHU NPEIVIEJ IMTEPATYPE CA META-AHAJIUN30M

KombuHyje KBaIMTaTHBHY M  KBAaHTHTATHBHY CHHTe3y, Kopuctehu
CTATUCTUYKE TEXHHUKE 33 CyMHpame KBAHTUTATHBHUX PE3y]TaTa a KBaJIUTATHBHY
CHHTE3y 3a ONHMCHE/HapaTHBHE Halaze. AyTOp MOpa KODHCTHTH pEleBaHTHE 0ase
noJjiaraka, jacHo AeGUHHCATH KPHTEPHjyMe 3a YK/bYUHMBAHe M HCKIbYYHBAIHE
CTyAMja, ¥ MPUMEHHTH TPAHCIAPCHTHY M PENPOLYLHUOHIHY METOONOTH]Y.
HcTpakuBadko mutame Mopa 6utn jacHo aedunucano npema PICOS oksupy, y3
HaBoheme kopumheHnx cMepHuIla 3a u3BemTaBame (Hnp. PRISMA) u
ykbyunBatbe PRISMA nujarpama toka 3a npukas cesiekiuje cTyauja.

AKTYEJIHA TEMA

Pasmatpa caBpeMEHO, HEPENICHO WM KOHTPAJIMKTOPHO MHTAEmE Of
TEOPHjCKOT ¥ MPAKTHYHOT 3HAdaja, y3 M3HOLICHE COICTBEHHX pe3yiTara
UCTpaXKHBatha WIN HAjHOBHUX BAXKHHX IIOfaTaka M3 JmTeparype. KoHcTpykimja
WIaHKa je CI000AHA a MOXKEJBHE Cy KPaTKe 3aK/bydHE HALIOMEHE Ca jaCHOM
HOPYKOM.

Y ®OKYCY

Tematcka, hoKycHpaHa aHaunM3a W/WIM KPAaTaK OCBPT Ha HAy4HH HpoOieM
KOjU je y Temarckoj obiacTu yacommca, a Koju obpalyje nuTame on 3Hauaja 3a
Hay4HY 3ajeJIHUIY ¥ IIUPY CTPYYHY jABHOCT.

KA3YUCTHKA
MPUKA3 CJIYYAJA u CEPHJA CJIYYAJEBA (24, <9)

Tlpukas ciy4ajeBa ca PETKOM M HEOOMYHOM JIHjarHO30M, JHjarHOCTHYKHM
MPOLECOM, CTpaTerrjama Jeuenha, KIMHAIKIM TOKOM, HIH HCXOJ0M JIeUersa, KOju
MOry OHMTH OJ KOPHCTM 3a KIMHMYKY [PakCy M MEIULMHCKO o0pa3oBarbe.
Ipunukom nucama norpedHo je kopuctutd CARE cmepuuue (https://www.care-
statement.org/writing-a-case-report). Heomnxoman je mnpucraHak HHPOPMHCAHOT
HalMjeHTa.

YBOJHUK

VBOOHHIY Cy HEPELECH3UPAHH TEKCTOBH INIABHOT U OATOBOPHOT YPEIHHKA
W/WIM 4iaHOBa YPEJIHMINTBA HAMEH-CHH HAjaBH HOBOI' BOJIyMEHA, TEMAaTCKOT
Opoja, cazpikaja Koju Cy O 3Hauyaja 3a CTPYKy H/WIM HHCTUTYLHjE YHjUM
YJIaHOBMMA je YacOlMC HAMEIEH Kao M YPEJHHYKH TEKCTOBU IIO IO3MBY.
VBoauuIM He Tpeba Ja cajpxe HeobjaB/beHe Ml OpPHIMHAIIHE ITO/IaTKe, a Mopajy
YKIJbYYHTH H3jaBy O CyKOOy HHTEpeca.

NMUCMO YPEJHUKY

HepeneHsnpanyu KOMeHTap/KpuTHKa Tekcta objasibenor y BCIL Inmry ce y
cnoboHoj hopMH, y3 eBEHTyalHO HaBoheme mopaTtaka u3 auteparype. He cmejy
canpxaTti HeoOjaBibeHe pesyinrate. OGjaBibyjy ce mpemMa OJUIyIM TJIaBHOT M
OZArOBOPHOT YPEHHKA.

HUCTPAXKHUBAYKO ITUCMO

KpaTkn npuka3 OpUrMHAIHOT MCTPAKHBAMKa, KOJU CaJpXKH YBOJA, METOAE,
pesynTaTe M AUCKYCHjy y caxxeToM o6iuky (6e3 monene y moceOHe LENMHE ca
MOIHACIOBMMA) W MakCHUManHO a0 2 npuiora (tabene/cnuke). He caapxu
ancTpakT U KIbY4YHEe PEdH ajli MOpa Ja HCIIYHH CBE OIIIITC YCIOBE 3a Pa3MaTparbe
pykonuca (ykibydyjyhu npouec penensuje).

HUCTOPHJA MEJUIIMHE/CTOMATOJIOTHJE/®PAPMAIIMJE

Marepujan 3Ha4ajaH 3a pacBeT/baBambe NOjeAMHMX porahaja W/wmiu mpukas
3HAYajHUX JIMYHOCTH M3 HCTOpHje MeJMUMHE/cToMaronoruje/hapmanuje, a
noceGHO BOjHE MeauIMHe/cToMaTonoruje/hpapmaruje.

KJIWHUYKO UCTPAYXKUBAE

OPMT‘HHaHHa panaOMH30BaHa KOHTpOJIMCaHa UCIIUTHBakma u
OTCcepBallMOHE CTyJHje yTHILAja jeJHOT HJIHM BHIIE CpeJcTaBa MIM Mepa Ha
UCXOX 37paBJba JbYAHW, KIWHHYKY TMpPaKCy HW 3IPaBCTBCHY TIOJHUTHUKY.
Pykonucu Mopajy OMTM HpUIPEMJbEHM Yy CKiIagy ca MehyHapoaHum
cmepuunama (Hnp. CONSORT - https://www.consort-spirit.org/ nm STROBE
— https://www.strobe-statement.org/) u perncrpoBana y HekoM 01 MehyHapoIHO
NMpU3HATHX jaBHUX peructapa (unp. ClinicalTrials.gov).

IPUKA3 KIbUTE

Canprxu 6ubimorpadeke nmonaTke o myOIHKanuji (ayTOpH, H3BOPHHU HACIIOB,
M3/1aBay, MECTO M TOJAMHA M3/Iamkbha), HeH KPAaTaK Calpikaj U KPUTHYKE KOMEHTape
cazipKaja, CTUJIA U 3Ha4aja KEUTe y JIaToj 001acTH. Pykomuc He cMe OUTH TyKH O
2 cTpaHule.

U3BEIITAJ CA HAYYHOI' IJIM CTPYYHOI' CKYIIA

[lpyka3 aKkTHBHOCTM HAyYHOI WM CTPYYHOI CKymna, Y3 HCTHIAmbe
HajBOXHUjUX pedepaTa MM 3aKJbydaKa, OJHOCHO MPENopyKa OJ] 3Hauyaja 3a MIHpU
kpyr unranana BCIL

OBHUM PYKOITUCA

]_ICJ'[OKyHHPI PYKOITUC pajaa YMHE: HAaCJIOBHA CTpaHa, aliCTPaKTH Ha CPIICKOM U
CHIJIECKOM je3MKy Ca KJbYYHHUM peuyMMa, IJIABHH TEKCT pajia, 3aXBaIHOCT (110
notpebu), CrHUCaK JUTepaTrype, NpUno3u (tabeine, ciuke, rpadUKOHH, CcXeMme,
LPTEXKH).

O0uM pykomuca 3a KaTeropuje OPUrHHAIHH paj, OMIITH (HAapaTHBHH)
nperiaea JNUTEpaType, CHUCTEMATCKH IIPEriea JHUTEpaType, METa-aHalu3a,
CHCTEMAaTCKU Mperie] JUTepaType ca MeTa-aHaiau3oMm usHocu jgo 5 000
peun.

O6uM pyKomuca 3a KaTeropuje MHUHH MpPEriel, MPETXOIHO CAaolIITeHe,
KpPaTKO CaoIIITeHhe, MPHKa3 Clydaja, CepHja CllydajeBa, akTyellHa TeMa, KINHHYKO
HCTPaXHBabe, UCTOpHja MeauLuHe/cTomMaTosoruje/gapmaruje u3nocu no 3 000
peun.

Pykomnucu 3a ocrane kareropuje/pyopuke Mory umarty Hajsuiie 1 500 peun.


https://www.vsp.mod.gov.rs/multimedia/dodaci/asf_i_ai_srp_1769762358.doc
https://www.care-statement.org/writing-a-case-report
https://www.care-statement.org/writing-a-case-report
https://www.consort-spirit.org/
https://www.strobe-statement.org/
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IIPUIIPEMA PAJIA

HACJIOBHA CTPAHA

Ha npBoj cTpannuu pykomnuca tpeda HaBecTH ciejehe:

. HacnoB pana 6e3 ckpahenuua;

2. Ilyna umeHa u npe3nmeHa ayropa (6e3 tutyna, y3 HaBoheme ORCID Gpoja
3a cBe ayTope Koju ra uMajy) ca o3Hakama cieaehum pexom *, 1, 1, §, ||, 1,
** 1t ... urn.

3. IlyH 3BaHMYaH HA3MB YCTAHOBA y KOjHMA ayTOPH pajie, MECTO H JPXKaBy y
K0joj ce ycranoBe Hamase (3Hauum *, T, I, §, [, 9, **, Tt ... nra.mokasyjy
PE/loM yCTaHOBE y KOjHMA ayTOPH Pajie);

4. Ha mHy CTpaHHIC HAaBECTH MME M IPE3UME, aApecy 3a KOHTAKT, e-Mamil
agpecy u Opoj Tenedona (mobuianor/Viber wim WhatsApp) ayropa
3ay’KCHOT 33 KOPECIIOHICHIIN]Y.

ATICTPAKT

Ha npyroj cTpanu paja numry ce amncTpakT M KJbydHe peud. AINCTpakT ce
IHIIE KPATKUM M jJaCHUM pedeHHIamMa. 3a KaTeropuje OpUrHHaIHKU Paji, MPETXOLHO
CaoMIITeHhe, KPAaTKO CAOMIUTeHE, CHCTEMATCKM Mperaef JMTepaType ca
METAaaHaJIN30M, METa-aHajlu3a, KIMHHYKO  HCTPAKMBAEbe,  alCTPAaKT  je
CTpyKTypucaH u tpeba na uma cienehe menose: Yeoxa/Llum, Metozne, Pesynraty,
3arspydak. CBakM O]l HAaBEJCHHX CerMEHATa INMHCATH Kao Ioce0aH macyc Koju
nounme OonmoBaHOM peud. HaBecTH HajBakHHje pesynTate (HyMepHUKe
BPCHOCTH) M HHBO CTAaTHCTHYKE 3HAYajHOCTH. 3aKJbydak Mopa OWTH JHPEKTHO
MOBe3aH ca pesynTatuma paaa. Obum ancrpakra He cMe 1a npehe 300 peun.

3a kareropuje MpUKa3 clydaja M CepHja cily4ajeBa ancTpakT uma cuenchy
CTPYKTYpY: YBOA (y HOCICII0] PEUCHHIN HABECTH IMJb), IIpuka3 GonecHuKa,
3akspyuak. CBaku O HAaBEJEHHX CErMEHATa IHCAaTH Kao mocebaH macyc Koju
noune 6ogoBaHoM pedr. O6uM anctpakTa He cMme Ja npehje 250 peun.

3a ocranme KaTeropuje pajgoBa, OMIUTH (HAPATUBHU) IpPErjei JUTepartype,
MHHH TIperJie]l, CUCTEMATCKU Mperie]l JIMTepaType, akTyelHa Tema, y (OKycy,
HCTOpHja  MeIULMHe/cToMaTojoruje/gapmaryje  ancTpakT Hema  I0ceOHY
CTPYKTYpy 1 He cMe 1a npehe 200 peun.

BoauTu padyHa na cpricka M eHriiecka Bep3uja ancrpakra Oyny mehycobno
TayHU M TPELHU3HHM NpeBoad. HujenHa pedeHuila He CMe MOCTOjaTH Y jEIHO]
BEP3MjH a J1a HUje IPEeBe/IeHa y APYyroj.

K/bYUYHE PEYHN

I/ICHO,E[ ancTpakTa HaBECTU MET A0 CeaaM PEJICBAHTHUX KJbYYHUX DEYU WU
n3pasa KojH ykasyjy Ha cajpxaj paja. IIperopyka je na ce He NOHaBJbajy Peun U3
Hacnosa pajga. Y usbopy kpyunux peun kopuctutu Medical Subject Headings —
MeSH (https://www.nIm.nih.gov/mesh/meshhome.html).

CTPYKTYPA I''TABHOI' TEKCTA PAJIA

HeonxonHo je [a OpUTHHAIHH paj, IPETXOAHO CAOMIITEHE, KPaTKo
CaolIITeHhe, MeTa-aHalM3a, CHUCTEMATCKH IIpernie] JHTepaType ca MeTa-
aHAIN30M, KIMHHYKO MCTPaXKHBaIbe CajJpike MOrNaBiba: YBOJ (KpaTak IpHKa3s
peaMeTa HCTpaXkMBama y3 HaBOJ LHJba paja y mocieqmeM macycy), Meronge
(npenu3aH onuc ojgabupa MCIUTAHWKA W NPHMECHCHUX METOHa, YKIbYdyjyhu
CTaTUCTUUKE MeToje, Opoj no3Boie carnacHoctd HaiexHor EK), Pesynratu
(IpHKa3aHu JOTHYKUM pelociesoM 6e3 IyImpama IpHKa3a UCTHX pe3yirara
Ha BHLIe HauyuHa), Jluckycuja (6e3 noHaB/pama nojataka Koju cy seh HaBeneHu
y ozesbKy PesynraTu; JUCKYTOBAaTH caMo J0OMjeHE Hallase JOBOhEHmEM y Be3y
ca JIPYrUM peIeBaHTHHUM CTyjujaMa, [OBe3aTH IMCKYCHjy H 3aK/bydke ca
LUJEBUMA paja, Mo MOTPeOM HATIACHTH JIMMHUTALUje NCTPaXKHBamba), 3aKJbydak
(Koju mHpOMCTHYE U3 pesylTara JaTOr MCTPaKHBamwa), 3axBanHuua (1o
notpedn), Jluteparypa.

Pykomnucu M3 kateropuja OHIUTH (HAPATUBHM) IpErJie] JIUTEPAType, MHHH
Hperies, CHCTeMATCKH Mperiies JIUTepaType, akTyelqHa Tema, y (oKycy caapxe
cnenehe wnemmne: YBox (ca  oxaroBapajylinM  mojHacioBuMa), 3akibydak,
Jlurepatypa.

Pykomnucu M3 kaTeropuje npuKas ciydaja, cepuja ciydajeBa caapike cienehe
uenuHe: YBoa (LMJb paja HAaBECTH Kao Mochelmwu mnacyc Ypona), Ilpukas
GonecHHKa (MACGHTHTET OOJNIECHMKAa Mopa OCTaTH aHOHMMaH), JIHcKycHja,
Jlutepatypa.

IMpuka3 GoJecHHKa HEe CMe UMATH BHUIIIE O] TIET ayTopa.

YIIUTHUILIM (Questionnaires)

CBu xopunrheHH yIUTHHUIN KOjH Cy YHOTPEOJbCHH Ka0 MEPHHM MHCTPYMEHTH
3a OMJIO KOjU O[] UCHUTHBAHHX MapameTapa, Mopajy OMTH NpEBEJCHH Ha je3uK
TOBOPHOT MOJPy4ja UCIUTAHUKA Y3 HaBOhCHE H0Ka3a O M3BPILICHO] BATHAALMH H
KYJITYPOJIOLIKOj aJanTalijH M0AHe0bY HCIIUTAHUKA.

nPUJIO03U

Ipunore unju 6poj Tpeba na Oyxe yckinalheH ca Jy)KMHOM TEKCTa MOCTABHTH
Ha Kpaj INIaBHOI' TEKCTa pykKomuca u3a JlutepaType, a y caMOM TEKCTY jacHO
HA3HAUYUTH MECTO KOje ce OMHOCH Ha aaTu mpuior. Kpajwa mosumuja mpuiora
6uhe onpelhena y Toxy npunpeme paaa 3a myOInKOBambe.

-

Tabese

HacnioB TpeGa Hamucatn u3Hajx Tabene, a o0jallmbera (JereH1y) HCroj mwe.
Taberne ce 03HauaBajy apanckum OpojeBHMa ImpeMa peaocieay HaBohema y TeKcTy.
Tabene u3paautu UckibyunBo y nporpamy Word, kpo3 mexn Table—Insert-Table,
y3 neduHHCame TadHOr Opoja KomoHa M penoBa koju he je umnutH. Kymatu
¢donrom Times New Roman, BennmunmHOM ciioBa 12, ¢ jeAHOCTPYKMM MPOPEIOM.
TaGene Mopajy OHTH jacHe W HMATH CBE CICMEHTC HEOMXOAHE 3a MPABHIIHO
pasyMeBame INTa je y BHMa HPUKA3aHO. YKOIMKO NMPHUKA3aHE BPEIHOCTH MMajy
,,OIICer* Wi ,,pehepeHTHE BPEIHOCTH , TO c€ MOpa I0/aTH.

V nerenau wucmon Ttabene Tpeba objacHHTH cBe CKpaheHHIle HaBeIeHE y
Tabenu M cBE O3HAKe (HIp. CJIOBA y CYNEPCKPHITY WM GOJIIOBAHE BPEIHOCTH).
Taxole, HEOIIXOAHO je HPeU3UPATH IPHMEECHE CTATUCTHIKE METOAE.

Cauxke (maycrpanuje)

Ilox cimkama mogpa3ymeBaMo cBe O00JMKe TrpadUyuKHX OpHIIOra
(pororpaduje, uprexu, cxeme u rpapukonu). Cimke Tpebda yrpagutH y
pyKOIIUC Ha Kpajy TEKCTa, IOCIe JuTepaType W mocie tabena (ako UX HMa).
Cnuke ce O3HauaBajy apalckuM OpojeBMMa IpeMa penociieqly HaBolhema y
TekcTy. Benuka cioBa A, B, 1] uta. Tpeba KOpHCTHUTH 3a O3HA4YaBame [EJI0Ba
BumeaenHux ciauka. CioBa, OpojeBn u cumbonu Tpeba npa Cy jacHH M
ijZlHa‘IeHI/I, a MOBOJbHE BCIMYMHE [a NPUIHUKOM yMambHUBamba GyZly YUTJbUBH.
Jlojanm TpUKa3aHW HAa CIMKaMa Mopajy OuTH cauyBaHM Kao (ororpaduje (He
Kao M3MEHUBH rpadUyKH €JEeMEHTH), TaKo Ja Ce IHXOB IOJIOXKAj HE MOXKE
ME€HWhAaTH, KakKo ou ce 066366[[14.]13 TAYHOCT IIOJaTaKa NPHUKAa3aHUX Ha CJIIHIH.
Ipumajy ce HCKJbYYHBO QuruTanHe GpoTorpaduje ca MUHUMAIHOM PE30JIYLIHjOM
ox 300 dpi u dpopmara JPEG, PNG unu PDF. Ciuke koje He 3a10B0JbaaBajy
HaBeJleHe ycioe Hehie Gutn npuxsahieHe 3a o6jaBy. J[MMeH3HMje JOCTaBIbEHHX
cnuka 6u Tpebano na 6yny nmpubnmkHe TUMeEH3Hjama y Kojuma he ciuka OutH
o0jaB/beHa. YKONMKO ayTOpH HHCY y MOTyHHOCTH faa JOCTaBe JMTHTAlHE
dororpaduje, onna opurnHanHe ciuke Tpeba ckenuparu y pesonyuuju 300 dpi
ny Op"FHHaHHOj BCIIMYUHHA U KaO TaKBC HMX JJOCTaBHUTH. Csu nojgamu Ha
cxemaMa u rpadukoHuMa Tpeba na Oyny ucnucanu 6escepudHuM GOHTOM pagu
nakie yntbuBocty (Hup. Arial, Helvetica), Bennunna cioBa He mama ox 10 pt.
MepHe jenuHHIe U CKalle MOpajy OUTH jacHO HasHaueHe. [lenumanHu OpojeBH
Ha TpaQUKOHMMa MOpajy OMTH NpPUKA3aHHM ca TAa4yKOM, a pa3/Bajame XMIbaJa
Mopa GuTH 03Ha4eHo 3ape3oM (Hmp. 1,234.56).

Buneo-npunosu (wiyctpaiuje paga) Mory Tpajatd 1-3 mMuHyTa M OuTH y
dopmary avi, mp4(flv). V3 Bumeo mocraButH moceGHO CIMKY Koja Ou Guia
WIYCTpalyuja BUACO-IIPHKA3a y e-H3amby U 00jaB/beHa y LITAaMIAHOM H3/aky, Kao
1 JIMHK Ka T1aThopmu rie je Buneo Beh nocrapibeH.

VY nerenau ucnon miyctpauuja Tpeda objacHuTH cBe ckpahenuue, cumborne,
GpojeBe MIIH CJIOBA KOjH CE KOPHUCTE 3a 00jallbebe MOjeANHHX JeioBa CIHKe. Y
city4ajy rpadMKOHa IPenU3UpaTh IPUMEHhEeHe CTATUCTHYKE MeToze (0 noTpebH),
a kox ¢oTomMukporpaduje HaBeCTH jaeTabeé O BPCTH KopuurheHor Gojema
yBehamy.

Vkomnko ce npukasyjy ¢ororpapuje ocoba (6osecHuka), JIUK Mopa OUTH
,,3amyheH™ uin je motpe6Ho 06e30euTH nucany q03BoIy Jinna ca ¢potorpaduje 3a
BeHO KopHinheme. Ha npuio3nMa (CHUMIM peHAreHa, CKeHepa, yITpa3Byka, HTIL.)
MOTPeOHO je YKIOHUTH CBE INTO MOKE Jia HACHTH(HKYje GOoJIeCHHKa. YKOIHKO je
cnuka Beh Herze o0jaBibeHa MOTPEOHO je LUTHPATH HU3BOP y3 MHCAHO 0A00pEHE
aKo ce paju o 3amTrheHoM MaTepHjaiy.

CKPAREHHUIE

CkpaheHulne KOPUCTUTH caMO Kaja je HEONMXOAHO, U TO 3a BeOMa Jyrauke
Ha3MBE XEMHjCKHX je/IMIbCHa, OJHOCHO Ha3MBE KOjH Cy Kao ckpahenuue Beh
npeno3HatsbuBu (Hnp. JIHK). 3a cBaky ckpaheHuily, ocum CTaHIapIHe jeIUMHHULE
Mepe, HaBECTH ITyH Ha3HB IPH IIPBOM HaBohemwy y TeKCTy (YKJbydyjyhn anmcTpakr).
VY HacnoBy M ancrtpakty u3beraBatu Kopumhemwe ckpaheHuia, y HacioBy HX
KOPHMCTUTH CaMO aKO Cy HEONXOJHE. 3a I0jMOBE KOjU C€ Y TEKCTY IIOMHIbY BHUILE
OJ] TPU IyTa Ipenopydyje ce yBoheme oaroapajyhux ckpahennua.

JEIIUMAJIHU BPOJEBH

VY TeKCTy pajia Ha EHIVIECKOM je3HKY JeLuMaiHe OpojeBe MUCAaTH ca TauKoM
(amp. 22.7), a y TEKCTy Ha CPIICKOM je3uKy ca 3ape3om (ump. 22,7). Kax rox je o
Mmoryhe, 6poj 3a0KpyKHUTH Ha jeHy ACLMUMAIy M MHUCATH JOCICIHO KPO3 Le0 paj
(HIIp. aKo je jeaHa BpeJHOCT 32.2, cBe OCTalle MOpajy UMATH je/IHy ACLUMaIty, HIp.

32.0).
JEAUHUIIE MEPA

JlyXMHy, BHCHHY, TCKHHY WM 3alPEMHHY H3paKaBaTH y METPHUKUM
jennaumama (Metap — M, xuorpam (rpam) — Kg (), aurap — L) min muxoBuM
nenouma. Temmeparypy u3paxasatn y crenenuma llemsujyca (°C), mpurmcax
KpBH y MHIJINMETpUMa >XUBHHOT cTyba (mm Hg). Pesynrare kiIMHMYKHX H
OGUOXEMH]CKHX Meperha HAaBOAMTH Y METPHYKOM CHcTeMy mpema MehynapomHom
cucremy jenuuuua (Sl).

3AXBAJTHUIIA

Wsnetn pompuHoc ocobe Kojoj Tpeba oOmaTH mHpH3HAKE, ald Koja He
HCIybaBa KPUTEPHjyME 3a ayTOPCTBO. Haectn ¢unancujcky momoh
(CIIOH30PCTBA, CTUIICHN]E, OLIPEeMa U APYro), Ka0 U Ha3UB IIPOjEeKTa y OKBHDPY KOTa
j€ MCTPaKMBamE CIIPOBEJICHO.

CTATUCTHUYKA AHAJIU3A

v OEJbKY MCTOI[C JAC€TaJbHO OIHUCATH NPUMEHECHE CTATUCTUYKE METOAE KaKo
6u Owna omorylieHa npoBepa HWCIPABHOCTH HbUXOBE IPUMEHE W PEHpOIyKIHja
anamse. Pesynratn Mopajy OMTH HyMEpHYKH jaCHO TPHKa3aHH y3 oArosapajyhe
MoKa3aTesbe BapUjaOMIIHOCTH M IOY3JAHOCTH (HIOp. CTaHAApAHA JACBHjaLuja,
CTaHIap/Ha TPEIIKa, HHTEpBaJT r[osepe]—ba). ]'[peumnpaTu THUIT CTlePIjC " ornucaTu
HAuMH Ha KOjU je W3BeleHa. HaBecTw KpuTepHjyMe YK/bydera M HCKIbYYeHa.
Hapectn copTBep M Bep3Hjy KOMIyTEpPCKOT Iporpama y KOME je H3BpIICHA
cTaTUCTHYKa 00pana moaartaka. Y onesbKy Pesyntatu xao u y nereHpama tabena
W/MITM TIPHJIOTa HABECTH CTATHCTHYKH METOJ| KOjU je KopumheH 3a aHalusy
MPUKA3aHUX pe3yaraTa. BpeqHocTr P ce yBek MUIly ca MOYETHOM HyJIOM (HOp. p >
0.05 a me p > .05).

JIMTEPATYPA

Pedepeniie HymepucaTH peJHHM apalcKuM OpojeBMMa IIpeMa peaocieny
HaBohema y TekcTy (ykipyuyjyhu tabGene u snerenzne npuiora). [Ipenopydyje ce na
BehuHa nuTHpanux pagosa Oyae miaha ox gecet roauna. Ipenopyudyje ce 1a 6poj
LUUTUPAHUX OPHIMHAIHHX pajgoBa Oyne HajmMame 80% ox ykynHor Opoja
pedepenun, oxHOCHO Opoj UMTHPAHMX KEbUTA, [OIJIAB/ba Yy KibMramMa H
nperieHux wianaka Mamu on 20%. CBu panoBu, 6e3 003upa Ha je3UK M3BODA,
LIUTHpajy Ce Ha CHITIECKOM je3HKy, a M3BOPHH jE3UK HAaBOJM CE€ Y 3arpaiy, u3a
uutupade pedepenie.


https://www.nlm.nih.gov/mesh/meshhome.html
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CBU TIOZIAIM O IUTHPAHOj JIUTEPATypH MOpajy OMTH TauyHH, a IUTHPAHK
PazoBH JIAKO NMPHUCTYNAYHU YHTaoUMMa. Y3 cBaky pedepenuy Hasectu DOI 6poj.
Iperopyuyje ce uutHpame camMoO pagoBa 00jaB/bEHHX Yy YacONHCHMa KOje
unjekcupajy Current Contents, Index Medicus (Medline), Excerpta Medica,
Scopus, Web of Science.

Huje 103BOJbEHO LUTHpamE alCTpakaTa, CEKyHIApHUX IyOiukaiuja,
YCMEHHX CaOMIITeHa, HEO00jaB/beHHX pPafoBa, CIyKOCHHX M HOBEPJPHBHX
JloKyMeHaTa, Bukumeanje, npenpuut o6jaBa 1 in Press wiaHaka, MOBYYEHHX
pamosa (retracted article), pagoBa o0jaBibeHHX y IPEIATOPCKHM
JaCOINCHMA.

IpuInKOM LUTHpasa CajToBa, HE MOXE Ce LIUTHPATH HACIOBHA cTpaHa Beh
ce MOpa LIUTHPATH OHa CTpaHa ca Koje je mHpopmanuja npeysera. CBaka HaBejeHa
pedeperna Mopa GuTH gocTymHa 3a mposepy online. Ykommko pedepenna He
[IOCTOjU HA MHTEPHETY (HIIP. apXHBCKHM MATEPHjal U CIL.), ayTOp MOpa Ja JOCTaBH
M3BOp OJIaKJIe je NpEey3eo LHUTHPAHY JUTEPaTypy OJHOCHO MOXE CIMKATH HIIH
CKEeHHpATH IOKyMEHT U nocnaru Ha e-meji: strliteratura@gmail.com.

Pedepennie ce muTHpajy mpemMa BaHKyBepcKOM CTHIy KOjH je YCIIOCTAaBHO
ICMJE (https://connect.ebsco.com/s/article/Citing-Articles-in-Vancouver-ICMJE-
Style?language=en_US).
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HAKHAJIE 3A OBJAB/bUBAILE YJIAHKA

Haxnana 3a oGjaBibuBame paia ce miaha HaKOH NMPUXBaTama PYKOMHCA 3a
oGjaBsbuBame. Ojlyka O TpUXBaTalby Mopa OMTH TOTBpheHa Ha CEIXHULH
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