The Moldovan Association for Biosafety and Biosecurity (MDBBA) is a scientific

and practical, instructive and educational, non-governmental, apolitical and

non-profit professional organization, created in 2017.
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|- <~ @ﬂ , / The main objective of the association is the development of good practices and

\ / culture in the field of biosafety and biosecurity and the promotion of
N\ Mpge P / knowledge within professional and research-innovation groups.
B

Biosafety - includes security principles, technologies and rules to be followed to prevent unintended

exposure to pathogens and toxins or their accidental release /leakage.
"Protection of personnel, population from unintended exposure to pathogens/biohazardous material”.

Biosecurity - includes a wide spectrum of measures (biosecurity policies, regulatory regime, scientific
and technical measures) applied in an organized framework, necessary to minimize risks (prevention of
actions, terrorist attacks by the intentional release of pathogens or toxins as well as loss, their theft or

misuse).
"Protection and prevention of theft, intentional misuse of pathologies/biohazardous material".

Risk management - is a decision-making process in which the results of risk assessment (the process of

estimating workplace hazards) are integrated with economic, technical, social and political principles to

generate strategies for risk reduction.
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Invasive ﬁmga[ infec‘cions in healthcare settings

Maria BALASOIU, PhD

Laborator of Microbiology, University of
Medicine and Pharmacy of Craiova,
Head of Medical Analysis Laboratory,
County Emergency Clinical Hospital,
Craiova, Romania

The incidence of (nvasive infecﬁons produced by species of Candida genus is continu-
ously raising, Candida is the 5th most common pathogen in invasive 'mfections. Although
most of the fvmgal invasive infecﬂons are pvoduced loy Candida albicans, there are in-
creasing reports of other non-albicans species that produce severe 'mfecﬂons because
have increased pathogenicity and resistance to commonly used ﬁmgal agents, with high
morta[ity rate. Non-albicans Candida species idenﬂﬁed n recent years include C. g[a—
brata, C. parapsilosis, C. ‘cropicaﬁs and C. auris, the last seems to have an unique[y high
transmissibi[i’cy in hospi‘ca[ environments and also between healthcare settings.

C. auris outbreaks are systematicaﬂy reported in recent years, and molecular nvestiga-
tion had conﬁrmed the in’cra—hosp ital transmission. The ﬁrst Veported invasive infecﬁon
with C. auris was in South Korea in 1996, since then outbreaks had been Veported in more
than 40 countries on 6 continents.

Recen’dy, Candida isolates have demonstrated increased resistance to azoles, amphotev—
icin B and echinocandins, many strains are mu[ﬂdmgres istant or even pan-resistant.

The national health services must enforce preventive measures of invasive ﬁmga[ infec—
tions, especia“y n high—risk patient groups as those with impaired timmune system (an-
ticancer dmgs, long—’cerm corticoid treatments, solid organ transp lant and other chronic
diseases). The laboratories must be prepared to idenﬂﬁ/ this emerging ﬁmga[ pathogens
on at least biochemical methods, but it is reccomended to use molecular methods as PCR,
MLST, and MALDI-TOF MS. Screening pro’cocols must be implemented in all patients
at risk.
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Introduction. Contemporary researchers have suggested and demonstrated the hypothesis
that the elevated level of D-dimers, which is a valuable marker of coagulation and fibrinolysis
activation, can predict the severity of COVID-19, pulmonary complications, and thromboem-
bolic events before they occur. Material and methods. The bibliographic resources were an-
alyzed and selected from databases such as PubMed, Hinari, SpringerLink, and Google Search
using keywords such as “COVID-19,” “SARS-CoV-2,” “coronavirus,” “D-dimers,” “biomarkers,”
and “severity prediction,” which were used in various combinations to maximize search effi-
ciency. Therefore, the manuscript contains 51 representative articles for the purpose of this
synthesis article. Results. The D-dimer levels are significantly higher in patients with severe
forms of COVID-19 compared to those with non-severe forms, in patients with acute respira-
tory distress syndrome compared to those without acute respiratory distress syndrome, and
in deceased patients compared to those who have survived. D-dimers positively correlate with
the degree of severity and the increased risk of progression to severe disease, inversely pro-
portional to the survival rate. They can predict prognosis, determine therapeutic strategies,
prevent complications, positively influence the disease’s course, and monitor the prognosis.
Conclusions. D-dimers should be used as a pre-radiographic screening tool as early as pos-
sible after admission and as an indicator for risk stratification of venous thromboembolism
in hospitalized patients with COVID-19. Based on the increase in D-dimer levels, adjusting
therapeutic doses of anticoagulants is more beneficial for patients compared to administer-
ing prophylactic doses.

VALOAREA PROGNOSTICA A D-DIMERILOR LA PACIENTII CU COVID-19: SINTEZA
NARATIVA

Introducere. Cercetdtorii contemporani au sugerat si demonstrat ipoteza cd nivelul crescut
al D-dimerilor, care este un marker valoros de activare a coaguldrii si fibrinolizei, pot prezice
severitatea bolii COVID-19, complicatiile pulmonare si evenimentele tromboembolice inainte
ca acestea sd survind. Material si metode. Resursele bibliografice au fost analizate si selec-
tate din bazele de date PubMed, Hinari, SpringerLink si Google Search dupd cuvintele-cheie:
,COVID-19”, ,SARS-CoV-2", ,coronavirus”, ,D-dimeri”, ,biomarkeri”, ,predictia severitdtii”,
care au fost folosite in diferite combinatii pentru a maximiza randamentul cdutdrii. Astfel,
cuprinsul manuscrisului include 51 de articole reprezentative pentru scopul acestui articol
de sintezd. Rezultate. Valoarea D-dimerilor este semnificativ mai mare la pacientii cu forme
severe de COVID-19, comparativ cu cei cu forme non-severe, la pacientii cu sindrom de de-
tresd respiratorie acutd, comparativ cu cei fdrd sindrom de detresd respiratorie acutd, la
pacientii decedati, comparativ cu cei care au supravietuit. D-dimerii coreleazd pozitiv cu gra-
dul de severitate si riscul crescut de progresare la forma severd a maladiei, invers proportio-
nal cu rata de supravietuire, pot prezice prognosticul, determinarea strategiilor terapeutice,
prevenirea complicatiilor, influentarea pozitivd a evolutiei maladiei si supravegherea pro-
gnosticului. Concluzii. D-dimerii trebuie utilizati ca instrument de screening pre-radiografic
cdt mai precoce dupd internare si ca indicator de stratificare a riscului de tromboembolism
venos pentru pacientii internati cu COVID-19. In baza cresterii D-dimerilor, ajustarea dozelor
terapeutice de anticoagulante este mai beneficd pentru pacienti, comparativ cu adminis-
trarea dozelor profilactice.
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INTRODUCTION

Since December 2019, a new coronavirus, called
severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2), has been declared responsible for
triggering the epidemic of coronavirus disease
2019 (COVID-19), which rapidly spread world-
wide. Consequently, on March 11, 2020, the
World Health Organization declared a global pub-
lic health emergency - a state of pandemic (1, 2,
3). The clinical presentation of COVID-19 varies
from asymptomatic and mild forms to severe and
critical cases that progress rapidly, causing seri-
ous and fatal complications requiring admission
to the intensive care unit (ICU) (1, 3, 4-9). The
overall mortality rates for patients with COVID-
19 range from 1.5% to 9.8% (10, 11), while mor-
tality rates for patients admitted to the ICU range
from 26% to 61.5% (4, 6,9, 12).

One of the strategic elements that need to be un-
dertaken in defining the management of treat-
ment for patients with COVID-19 is the early iden-
tification of factors that may progress to more se-
vere forms of the disease and those that require
specific interventions or treatments (13). Based
on the pathophysiology of severe COVID-19,
which involves a hyperinflammatory state, a cas-
cade of hypercoagulation, and multiorgan dys-
function, several biomarkers that represent each
of these conditions could be useful as key predic-
tive values for COVID-19. In this context, defining
early and efficient predictors for patient outcome
prognosis holds substantial clinical significance
for risk stratification, severity prediction, man-
agement of patients with COVID-19, and preven-
tion of serious complications. In emergency situ-
ations, risk stratification is as important as diag-
nosis, especially if testing all patients suspected of
having COVID-19 is not possible (1, 8, 10, 14-20).

COVID-19 causes serious thromboembolic com-
plications in patients with severe forms of the dis-
ease (7,21). COVID-19-related mortality is largely
associated with hypercoagulability and an in-
creased risk of venous thromboembolism (VTE),
leading to thrombo-inflammation in severe cases.
Therefore, coagulation biomarkers can indicate
disease severity, mortality, and contribute to pa-
tient triage, therapeutic strategies, and close
monitoring of prognosis (5, 8, 21-27).

Excessive inflammation, platelet activation, endo-
thelial dysfunction, and stasis play a significant
role in the development of thrombotic complica

tions (10, 17). Coagulation abnormalities such as
hypercoagulability, thrombocytopenia, venous
thrombosis, and disseminated intravascular co-
agulation have been observed in approximately
60-70% of hospitalized patients with COVID-19.
Autopsies have shown that pulmonary embolism
or venous thrombosis was the cause of death in
about 58% of patients, while disseminated intra-
vascular coagulation was reported in 70% of pa-
tients (28).

Researchers have suggested that the increased
level of D-dimers (DD), which is a valuable
marker of coagulation and fibrinolysis activation,
can predict disease severity, pulmonary compli-
cations, and thromboembolic events before they
occur (29-32). DD are degradation products of re-
ticulated fibrin, a substance that is part of fibrin
clots. Its presence itself implies venous thrombo-
embolism (pulmonary embolism and deep vein
thrombosis). DD are a marker of active coagula-
tion, fibrinolytic events, and thrombotic activity,
with elevated values in patients with vascular
thrombosis caused by severe trauma, inflamma-
tory and infectious conditions, pregnancy, inflam-
mation, cancer, etc. Several studies have high-
lighted the correlation between elevated DD lev-
els, especially their gradual increase during the
course of the disease, with the severity and ad-
verse outcomes of COVID-19. DD levels correlate
with the severity of COVID-19, thrombotic activ-
ity, and mortality rates in these patients (2, 3, 16,
22,27, 29, 31, 32, 33). The DD level significantly
increases concomitantly with the increasing se-
verity of clinical manifestations and with the find-
ings of computed tomography investigations of
COVID-19 (19, 32, 34).

Thus, elevated levels of D-dimers reflect signifi-
cant activation of the coagulation cascade, which,
in turn, can trigger acute coronary syndrome and
pulmonary embolism with its full spectrum of
clinical manifestations (1). However, the prog-
nostic value of D-dimers, determined upon ad-
mission, in predicting disease severity, mortality,
and thromboembolic events in COVID-19, has not
been fully elucidated due to small cohorts and
heterogeneity among studies (14, 17, 22, 27, 30,
35, 36).

In the context of the aforementioned points and
considering that the clinical and laboratory char-
acteristics associated with SARS-CoV-2 infection
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are not fully elucidated (37), the aim of this nar-
rative synthesis is to summarize the analysis and
clinical significance of elevated D-dimer levels,
their prognostic role, and their association with
severity, adverse outcomes, thromboembolic
events, and mortality in patients with COVID-19.

MATERIAL AND METHODS

The bibliographic resources were analyzed and
selected from databases such as PubMed, Hinari,
SpringerLink, and Google Search using keywords:
“COVID-19,” “SARS-CoV-2,” “coronavirus,” “D-di-
mers,” “biomarkers,” and “severity prediction”;
which were used in various combinations to max-
imize search efficiency.

For targeted selection of bibliographic sources,
the following filters were applied: full-text arti-
cles, articles in the English language, articles pub-
lished between 2020-2022. After processing the
identified information and according to the
search criteria, 386 full-text articles were se-
lected. After excluding records unrelated to the
study’s aim and reviewing the abstracts and full
texts of the articles, 45 eligible original papers
with different study designs, including editorials,
narrative and systematic review articles, meta-
analyses, case-control studies, and cohort studies,
containing information about D-dimers in pa-
tients with COVID-19, were considered poten-
tially relevant for the given synthesis.

According to the proposed aim and after careful
evaluation and analysis of these sources, a total of
51 relevant publications were ultimately selected
and included in the final bibliography of this man-
uscript. These publications were deemed repre-
sentative of the materials published on the sub-
ject of this synthesis article.

The information from the publications included in
the bibliography was gathered, classified, evalu-
ated, and synthesized, highlighting the main as-
pects of the contemporary view regarding the
role of D-dimers in patients with COVID-19, the
correlation and prediction of clinical outcomes,
severity, and prognosis of SARS-CoV-2 infection.

A primary objective was to minimize the risk of
systematic errors (bias) in the study by conduct-
ing thorough searches in databases to identify a
maximum number of relevant publications for the
study’s purpose. We evaluated only those studies
that met valid criteria and applied strict exclusion

criteria for article selection. We assessed both
studies reporting optimistic data and research
that did not highlight the benefit of D-dimer de-
terminations in patients with COVID-19.

According to the requirements, additional
sources of information were accessed to clarify
specific and sophisticated concepts. Similar re-
search, articles that did not align with the purpose
of the study and were not available for full view-
ing, review articles, comments, and letters, case
reports or case series, articles with insufficient in-
formation, articles lacking data on D-dimer con-
centrations, non-human studies, and studies on
pediatric populations (<17 years) were excluded
from the bibliography.

RESULTS

Coagulation dysfunction in patients with COVID-
19 leads to the progression to severe form of the
disease and fatal outcomes, and it is characterized
by increased D-dimer levels and thromboembolic
events (5, 22, 23). Several studies have assessed
the association between initial D-dimer values
and the severity or outcomes in patients with
COVID-19.

A systematic review, conducted on 54 studies in-
volving 1,022 COVID-19 patients, and two retro-
spective studies, including 343 and 182 patients
respectively, with 13 and 34 in-hospital death
cases, found a significantly higher mean D-dimer
value at admission (p<0.001) in deceased pa-
tients (3.208-3.78 pg/mL) compared to survivors
(0.79-1.067 pg/mL) (14, 32, 38). The authors cal-
culated the optimal cutoff value determined at ad-
mission to predict in-hospital mortality - 1.5
pg/mlL, with a sensitivity of 70.6% and specificity
of 78.4%, and 2.0 pg/mL, with a sensitivity of
92.3% and specificity of 83.3% (14, 38).

A case-control study conducted on 248 COVID-19
patients found a significantly higher level of D-di-
mer in non-survivors compared to survivors
(6.21 mg/Land 1.02 mg/L, p<0.05). D-dimer level
>2.0 mg/L at admission was the only variable as-
sociated with increased odds of mortality (OR
10.17; p<0.05). D-dimer elevation (0.5 mg/L)
was observed in 74.6% of patients. D-dimer level
>2.14 mg/L predicted in-hospital mortality with a
sensitivity of 88.2% and specificity of 71.3% (34).

A retrospective study of a cohort of 483
COVID-19 patients found that D-dimer elevation
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(20.5 mg/mL) was observed in 80.1% of hospital-
ized patients and in 96% of cases that resulted in
death. D-dimer level 22.01 mg/mL, with a sensi-
tivity of 73.3% and specificity of 70.0%, was a sig-
nificant predictor of subsequent mortality (HR
3.165; p<0.01). The median value of D-dimer
among non-survivors was 6.34 mg/mL, while
among survivors it was 0.94 mg/mL. Thus, a D-di-
mer value 22.01 mg/mL can effectively predict in-
hospital mortality in patients with COVID-19
(39), and monitoring D-dimer during hospitaliza-
tion is a better predictor of disease progression,
severity, and mortality compared to D-dimer lev-
els at admission (5, 39).

Numerous retrospective, prospective, cohort, and
case-control studies, systematic reviews, and
meta-analyses have reported an increased D-di-
mer level in a significant positive relationship
with disease severity, composite outcome (in-
cluding death, severe disease, ICU admission, and
mechanical ventilation), VTE incidence, and mor-
tality in patients with COVID-19 (1, 12, 15, 16, 21,
22,24, 25, 26, 31, 34, 35, 40, 41). Elevated D-di-
mer levels within the first week of hospitalization
in patients with COVID-19 have been associated
with increased mortality and VTE incidence (20,
36, 40). The time for VTE screening in a patient is
when the D-dimer level is three times higher than
the upper limit of normal (0.5 pg/mL). In COVID-
19 patients, a four-fold increase in the D-dimer
level is a good predictor of mortality (32).

Uncontrolled inflammation combined with hy-
poxia and the direct cytotoxic effects of the virus
on endothelial cells contribute to thromboem-
bolic complications (12, 38, 42). Coagulation ab-
normalities are common in all severe infections
and inflammations, but they occur more fre-
quently and with a clinically severe prognosis in
patients infected with SARS-CoV-2 (23).

SARS-CoV-2 typically induces a significant
thrombo-inflammatory response in severe forms
of COVID-19 with progressive diffuse pulmonary
involvement (33). The most commonly cited rea-
son in the literature for the increase in D-dimer
levels includes viremia and the cytokine storm
syndrome, with a significant rise in proinflamma-
tory cytokines and inadequate control of anti-in-
flammatory factors, which dysregulate the coagu-
lation cascade (38).

Mortality related to COVID-19, a prothrombotic
condition, is largely associated with hypercoagu-

lability and an increased risk of VTE, leading to
thromboinflammation in severe cases (22, 23).
For instance, according to data from a recent
meta-analysis, the incidence of pulmonary embo-
lism was estimated at 8% in the general popula-
tion of patients with COVID-19 and at 17% in ICU-
admitted patients (23). Coagulopathy occurs in
50% of patients who die from COVID-19 (42).

Therefore, coagulation biomarkers, including D-
dimers, are positively associated with the severity
of the disease and inversely proportional to sur-
vival. They can predict the prognosis and out-
come of patients with COVID-19, including mor-
tality. They contribute to patient triage, determi-
nation of therapeutic strategies, prevention of
complications, positively influencing disease pro-
gression, and monitoring of prognosis (1, 2, 3, 22,
23,28, 31, 34, 38).

D-dimer levels are higher in hospitalized patients
with COVID-19 (36-43%) (8, 29). DD measured at
admission serves as an accurate biomarker for
predicting mortality in patients with COVID-19,
with a specific normal value <0.5 ug/mL (21, 27,
34,38,43).DD level >1 pg/mL is considered a risk
factor for mortality in hospitalized adult patients
with COVID-19 (34). According to the results of
multiple studies, a DD value at admission >2.38
pg/mL was associated with increased chances of
mortality. Each 1 pg/mL increase in DD level at
admission was associated with a 6% increase in
the risk of all-cause mortality, an 8% increase in
the risk of assisted ventilation, and an 8% in-
crease in the risk of thromboembolism (44).

Therefore, elevated D-dimer levels at admission
in patients with SARS-CoV-2 infection have been
associated with an increased risk of escalation to
severe form of the disease and death (2, 23, 28,
31, 38).

A systematic review and meta-analysis conducted
on 12 studies involving 2,794 patients with
COVID-19, including 596 (21.3%) patients with
severe formand 2,198 (78.7%) patients with non-
severe form of the disease, revealed that elevated
D-dimer levels and low platelet count were more
common in patients with severe condition (30).
Increased DD level (OR: 5.67) and thrombocyto-
penia (OR: 3.61) predicted severe infection, ena-
bling early identification and management of pa-
tients with negative outcomes. The elevated DD
level and low platelet count may suggest the acti-
vation of systemic coagulation with secondary fi-
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brinolysis and platelet consumption. This finding
confirms the prothrombotic phenotype of SARS-
CoV-2 infection, which is associated with disease
severity (16, 30, 45).

The evaluation of three systematic reviews and
meta-analyses conducted on 12-23 studies with a
variable number of patients with COVID-19 in-
cluded (7-4848) determined a significantly
higher DD level in patients with COVID-19 com-
pared to healthy individuals (2, 12, 34), in pa-
tients with severe forms of COVID-19 compared
to those with non-severe forms (2, 6, 12, 18, 34),
in patients with acute respiratory distress syn-
drome (ARDS) compared to those without ARDS,
and in deceased ARDS patients compared to those
who survived (p<0.001). Patients with COVID-19
treated with anticoagulants, due to the reversal of
the procoagulant pattern, had lower mortality
compared to untreated patients (p<0.05) (2, 12,
13, 34).

Six large-scale systematic reviews and meta-anal-
yses, conducted on 6-75 studies with 1,329-
17,052 hospitalized patients with COVID-19, re-
vealed that an increase in DD level was associated
with a 2-3 times higher risk of poor composite
outcome (including mortality, severe COVID-19,
ARDS, ICU admission, and mechanical ventila-
tion), a 2-fold higher risk of developing severe
COVID-19, and a 4-fold higher risk of mortality
(11,24, 35,43,46,47). Subgroup analysis showed
that the elevated DD level was associated with in-
creased mortality: 21% versus 4.9% (p<0.001),
RR 4.11-4.77 (p<0.001) (27, 35, 47); OR 28.14
(p<0.001) (13, 27, 35, 48). The elevated DD level
was also associated with severe COVID-19:
40.74% versus 21.98% (p<0.001), RR 2.04-2.42
(p<0.001) (13, 35, 47, 48). The DD level was
higher in the severe/non-survivor group com-
pared to the non-severe/survivor group (2.9 and
0.8 mg/dL, respectively; p<0.001) (48).

The results of a systematic review and meta-anal-
ysis were based on 39 studies reporting DD levels
in 5,750 non-severe patients and 2,063 severe pa-
tients, and 16 studies reporting DD levels in 2,783
survivors and 697 non-survivors. DD levels were
significantly higher in patients with severe clini-
cal status compared to those with non-severe
forms of COVID-19, and in non-survivors com-
pared to survivors. DD levels above the upper
limit of normal were associated with a higher risk
of severity (RR: 1.58; p<0.0001) and mortality

(RR: 1.82; p<0.0001). The authors concluded that
elevated DD levels determined at admission cor-
relate significantly with the severity of COVID-19
and can predict mortality in hospitalized patients,
thus they should be used for risk stratification in
COVID-19 patients (17). Another systematic re-
view and meta-analysis involving 6 original stud-
ies and a total of 1,355 hospitalized patients with
moderate to critical COVID-19 confirmed these
results — DD level is significantly associated with
the risk of mortality in COVID-19 patients. The av-
erage DD value was higher in non-survivors com-
pared to survivors (49).

According to the results of four meta-analyses
published in 2020 and 2021, the sensitivity of the
prognostic performance of DD for severity, mor-
tality, and VTE in patients with COVID-19 was 55-
77%, 64-75%, and 90% respectively, while the
specificity was 56-71%, 66-83%, and 60% re-
spectively. DD is considered a global marker of
hemostasis activation and can predict severe and
fatal outcomes in COVID-19 patients with moder-
ate sensitivity and specificity. It can diagnose VTE
with high sensitivity and low specificity. The au-
thors recommend the use of this marker as a pre-
radiographic screening tool, risk stratification in-
dicator for VTE, and routine investigation after
anticoagulant therapy for hospitalized patients
with COVID-19 (2,12, 22, 29).

DISCUSSIONS

DD is an independent prognostic marker. Higher
DD levels in patients with COVID-19 are signifi-
cantly associated with the risk of disease progres-
sion, severity of the condition, composite out-
come, and mortality risk (12). These meta-anal-
yses recommend the rapid assessment of DD for
predicting adverse outcomes in COVID-19 (2, 12,
22,29).

Patients with severe forms of COVID-19 have a
higher risk of hypercoagulability, and deceased
patients show significantly higher DD levels, re-
flecting a state of hypercoagulability. These find-
ings suggest that higher DD levels in patients with
COVID-19 may indicate coagulopathy and throm-
botic risk (12, 48, 50).

Although the DD levels at admission and their
trends during hospitalization are associated with
outcomes in COVID-19, DD has limited perfor-
mance characteristics as prognostic tests when
analyzed separately (44).
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A systematic review and meta-analysis conducted
on 12 studies with 3,343 patients, including 2,801
patients with COVID-19 (967 patients with severe
form of the disease), revealed that the pooled re-
sults of all studies showed significantly higher DD
concentrations in patients with more severe
COVID-19 compared to patients with non-severe
condition and the overall COVID-19 patients (29).
There are correlations between the severity of
COVID-19, severe increase in DD levels, and the
increased rate of complications and final out-
comes (2).

Therefore, DD should be used as a pre-radio-
graphic screening tool as early as possible after
admission, as a risk stratification indicator for
VTE, and as a routine investigation after anticoag-
ulant therapy for hospitalized patients with
COVID-19. Based on the increase in DD levels, ad-
justing therapeutic doses of anticoagulants be-
comes more beneficial for patients compared to
prophylactic doses (22).

A D-dimer level >2590 ng/mL was associated
with a 17-fold increase in the adjusted risk of pul-
monary embolism, and the absence of any antico-
agulant therapy was associated with a 4-fold in-
crease in the risk of pulmonary embolism in pa-
tients with severe COVID-19 (oxygen saturation
measured by pulse oximetry Sp0O2 <93% in room
air, respiratory rate =230 breaths/min, or rapid
clinical deterioration) (51).

Itis confirmed that severe COVID-19 is associated
with cascades of inflammatory mediators, and the
evaluation of these markers allows for early iden-
tification or even prediction of disease progres-
sion. It is well known that C-reactive protein is an
acute-phase protein and an active regulator of in-
nate immunity, serving as a predictive proinflam-
matory biomarker for the need of mechanical
ventilation and escalation of treatment in uncon-
trolled inflammation in SARS-CoV-2 viral infec-
tion (38).

Therefore, early identification of variables associ-
ated with poor outcomes in patients with COVID-
19 can be useful for planning more appropriate
preventive treatment, reducing the risk of devel-
oping ARDS and ICU admission, improving sur-

CONCLUSIONS

vival, and optimizing the allocation of healthcare
resources, which can be highly limited in some
countries. Additionally, ambulatory patients pre-
senting one or more of these characteristics can
be promptly hospitalized for enhanced manage-
ment (16, 30).

Furthermore, the assessment of DD concentration
and its correlation with inflammatory markers
and the severity of COVID-19 has found that the
median value of DD was three times higher in pa-
tients with severe forms of COVID-19 compared
to those with mild forms of the disease (1870
mg/L versus 630 mg/L, respectively). A weak but
significant positive correlation was observed be-
tween DD and CRP (r=0.327; p<0.001). The com-
bination of CRP value of 72.65 mg/L and DD value
of 1250 mg/L can be used as a marker of COVID-
19 severity with moderate accuracy (42).

Therefore, based on the aforementioned infor-
mation, it is evident that COVID-19 is a prothrom-
botic condition, and coagulopathy is a significant
complication in such patients, closely associated
with clinical outcomes. DD indicates hypercoagu-
lability and is directly associated with the severity
of COVID-19. Furthermore, DD can be used as an
early and reliable prognostic biomarker to pre-
dict mortality in patients with COVID-19 at the
time of hospitalization. They facilitate a personal-
ized and effective clinical management process,
including anticoagulation strategies, which could
significantly reduce the mortality rate (3, 12, 22,
24,29, 34, 44, 45, 48, 49).

The determination of DD is a widely available la-
boratory test, feasible in patients with COVID-19
(16, 17, 24, 38, 49). However, there are also
sources of heterogeneity, including age, comor-
bidity rates, average length of hospitalization, cri-
teria for excluding conditions that increase DD
levels (such as pregnancy, cancer, post-trauma
state, and surgery), and the timing of DD meas-
urement. Furthermore, the lack of association be-
tween DD levels and mortality indicates that anti-
coagulant treatment may lead to a decrease in the
number of deaths (22, 45). Confirmation of these
results requires further studies, particularly on a
global scale, to determine the specific key value of
this laboratory biomarker (6, 18).

1. COVID-19 is a prothrombotic, procoagulant condition, and coagulopathy is a common complication
in such patients closely associated with clinical outcomes. In the majority of cases, D-dimer levels
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are elevated and indicate hypercoagulability that is directly proportional to the severity of COVID -
19.

D-dimers are positively associated with the degree of severity and increased risk of progression to
a severe form of the disease. They correlate inversely with survival and can predict the prognosis
and outcome of patients with COVID-19. D-dimers contribute to patient triage, determining thera-
peutic strategies, preventing complications, positively influencing the course of the disease, and
monitoring prognosis.

The level of D-dimers is significantly higher in patients with COVID-19 compared to healthy indi-
viduals, in patients with severe forms of COVID-19 compared to those with non-severe forms, in
patients with ARDS compared to those without ARDS, and in deceased patients compared to those
who have survived.

D-dimers should be used as a pre-radiographic screening tool as early as possible after admission,
as an indicator for stratifying the risk of venous thromboembolism, and as a routine investigation
after anticoagulant therapy for hospitalized patients with COVID-19. Based on the increase in D-
dimers, adjusting therapeutic doses of anticoagulants is more beneficial for patients compared to
administering prophylactic doses.
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INTRODUCTION

The changing landscape of armed conflicts in the
past three decades has given rise to novel trends
and diverse scenarios in the preparation and exe-
cution of combat operations. Consequently, mili-
tary strategies have undergone significant modi-
fications (1). The advent of cuttingedge technol-
ogies has ushered in a revolutionary shift in the
methods and approaches employed in combat ac-
tions. Modern armed conflicts are distinguished
by the fusion of various modes of engagement: en-
compassing traditional and uncormwventional wea-
ponry, both regular and irregular forces, in-
stances of terrorism, organized criminal activi-
ties, indiscriminate violence, and actions that op-
erate beyond the international law (2). In the ma-
jority of contemporary armed conflicts, opera-
tional military forces typically consist of task
forces ranging from 12 battalions up to a brigade,
responsible for autonomous and selsustained
combat operations. Insights gleaned from recent
operational experiences underscore a discernible
contrast in the structure and delivery of medical
assistance between regional military conflicts and
large-scale armed confrontations.

The aim of the study is to highlight the particular-
ities related to the changing nature of armed con-
flicts and their impact on military strategies, tech-
nological advances, and medical support systems.

MATERIAL AND METHODS

A comprehensive retrospective bibliographic
study was conducted to trace the evolution of
combat action methodologies within the United
States of America, NATO member nans, and in-
ternational UN Peacekeeping Operations over the
past 25 years

RESULTS

Contemporary armed conflicts are distinguished
by the execution of combat actions utilizing re-
sources and capacities aligned with peacetime or-
ganizational structures, often involving partial
mobilization. These conflicts typically occur
within confined operational zones, with the
timeframe for conducting combat actions span-
ning anywhere from as short as 6 days (as seen in
the 1967 Arab-Israeli conflict) to as extended as 8
years (as observed in the 19861988 Iran-Iraq
conflict). The intensity of combat actions during
such conflicts displays cyclic fluctuations, marked

by the gradual accumulation of forces and re-
sources over a span of up to 6 months, leading to
direct combat engagements lasting around 7
days. Importantly, the civilian populace residing
in the involved belligerent parties is exposed to
substantial risks stemming from detrimental fac-
tors, resulting in the unfortunate occurrence of
collateral losses (2).

The core concept of the modern staged treatment
and evacuation system lies in the sequential im-
plementation of treatment procedures, following
a specific order of medical stages. These stages
are closely linked with the transfer of wounded or
sick individuals to specialized medical units,
aligning with their medical requirements and
designated destinations. Additionally, this ap-
proach factors in the dynamic interplay between
the prevailing combat circumstances and the
medical settings (3, 4, 5).

As per thestipulations of the NATO Directive of

2010, the previously emphasized critical time

frame for delivering medical assistance known as

the “Golden Hour” has been replaced by the '10-

1-2 (+2)" interval, comprising:

e "10" - stop bleeding- up to 10 minutes from
the time of injury;

e "1" —evacuation to themedical treatment fa-
cility capable of performing resuscita-
tion/stabilization of vital functions;

e "2"—evacuation to the medical formation that
provides Damage Control Surgery and Resus-
citation — up to 2 hours from the time of in-
jury;

e "+2" — surgical intervention, stabilization of
vital functions, diagnosis aimed at preparing
the wounded for strategic evacuation
(STRATEVACY- up to 4 hours from the time
of injury.

Taking into account the "optimal range” and the
capaities of medical units within the Armed
Forces of NATO member countries and the United
States of America, the medical service assets and
resources are organized into four distinct levels:
Role 1, 2, 3, and 4. These medical units are catego-
rized into Rolesbased on their minimum clinical
and paraclinical capabilities (tab. 1). Additionally,
it's noteworthy that the operational readiness
and mobility of these medical units align with the
military structures they support.
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Table 1. The capabilities oRole 1 (R1)level medical treatment facility.

Ensures the primary medical assistance of the workforce, including first aid (medical aid), triage, resu:

citation and stabilization activities.

Ensures the retrieval of the wounded individuals and their readiness for evacuation.

Provideselements of preventive medicine.

adversary.

Provides a medical protection component against weapons of mass destruction, probably used by t

The capabilities

May include minimal capacitiesfor providing short-term patient care, primary dental services, a labor-
atory for conducting essential analyses, and personnel trained in combat stress management.

Can allocate forces and means for the medical support of the forces, whether framvanced positions

or isolated locations.

Can allocate forces and means to establish rapid response medical teams.

The Role 1 medical treatment facility encom-
passes the Battalion Aid Station (BAS), which
serves as thdundamental component of the bat-
talion's medical platoon.

The organizational structure of the medical pla-
toon comprises the following components: man-
agement, treatment unit, ambulance unit, and
health instructors’ unit. The Commander, treat-
ment and ambularce units together form the Bat-
talion Aid Station within the battalion.

The treatment unit serves as a fundamental com-
ponent in delivering medical aid at the battalion
level. The unit's personnel are organized into two
groups:

e group "A" consists of adoctor and up to three
nurses.

e group "B" comprises a paramedic and up to
three health instructors.

The ambulance unit comprises two ambulance
teams: a tracked ambulance team with three
members and a wheeled ambulance team with
two members. This section is responsible to
transport the wounded from the injury site or
Casualty Collection Point (CCP) to the Battalion
Aid Station (BAS).

The combat medic unit consists of combat medics,
each assigned to a maneuver company.

The Role 2 (R2) medical treatrant facility pos-

sesses the capability to receive and prioritize
wounded individuals, as well as provide advanced
resuscitation and treatment for traumatic shock

(tab. 2).

Table 2. The types of Role 2 and their capabilities (6).

The types

The capabilities

Role 2 Forward (R2F)- the advanced medical for-
mation, with high mobility
(The resources of the given formation are limited)

advanced emergency surgical assistance

postoperative care

preparing the wounded for further evacuation

Role 2 Basic (R2B} the mobile medical treatment fa-
cility

(Limitations in the hospitalization of the wounded and
medical supply constraints)

reception

triage

resuscitation and emergency surgery

postoperative care

Role 2 Enhanced (R2E} strengthened medical treat-
ment facility

diagnostic

specialized medical assistance

prepare the wounded for strategic evacuation
(STRATEVAC)

The unit can be deployed independently to en-
hance the delivery of medical assistance within

the operational theatre.
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These medical formations are designed to oper-
ate at the army corps level and are represented by
the Combat Support Hospital. Their core mission
is to deliver comprehensive medical support, en-
compassing both outpatient and inpatientcare, to
all patient categories within the Operation Thea-
tre.

The hospital structure comprises:

1. Management, along with a management de-
tachment.

2. Hospital Company with 84 beds (Alpha Co).

3. Hospital Company with 164 beds (Bravo Co).

The”Alpha” company (44 beds) comprises the fol-

lowing capabilities: 2 operating rooms (with a
maximum capacity of 36 hours for surgical inter-
ventions per day), 2 intensive care units (each
with 12 beds), and a hospital unit (20 beds). In ad-
dition to the Hospital Renforcement Element's

CONCLUSIONS

capacity (20 intensive care beds), it also consti-
tutes a Field Hospital (84 beds).

The capabilities of the 'Bravo' hospital company
(164 beds) encompass: 4 operating rooms (with a
maximum capacity of 60 hours for surgical inter-
ventions per day), 2 intensive care units (each
having 12 beds), and 7 inpatient units (each
equipped with 20 beds) (10).

A hospital ship (Hospital Ship) with a capacity of
1000 beds (including 100 intensive care beds and
12 operating rooms) is designated for proiding
medical assistance within the Naval Forces at the
Role Il level (11- 14).

The Role 4 (R4) medical treatment facility encom-
passes a wide range of specialties, investigations,
and medical procedures. This medical unit oper-
ates within the national territory, at its desig-
nated permanent deployment location.

1. While a significant portion of today's globaloperations involve peacekeeping missions, it's im-
portant to acknowledge that there are various other types of military conflicts in their active phases

as well.

2. Due to the unique characteristics of local military conflicts, the planning of medical suppgralong
with the intricate set of treatment and evacuation measures, force health protection, and medical
logistics, necessitates adaptation to the actual tactical and medical circumstances

3. This imperative calls for the integration ofcontemporary approaches methods in medical support,
spanning from the battlefield to the recovery of the wounded and sick.
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