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Abstract

Background: Pulmonary embolism (PE) is a major cause of cardiovascular morbidity and
mortality. Guidelines favor direct oral anticoagulants (DOACs) over vitamin K antagonists
(VKAs), but real-world Croatian data are scarce. Methods: A prospective dual-center
registry included 773 patients discharged with acute PE between 2013 and 2024. Clinical,
laboratory, and socioeconomic data were collected. The primary outcome was all-cause
mortality; secondary outcomes were recurrent venous thromboembolism (VTE) and major
bleeding. Results: DOAC users were younger, with higher education and income, than
VKA or heparin patients. Median follow-up was 1106 days. Mortality reached 60.3% with
VKA, 26.0% with DOAC, and 84.1% with heparin (p < 0.001). VTE recurrence did not
differ significantly. Major bleeding occurred in 9.3% of VKA versus 2.9% of DOAC patients
(p = 0.003). Adjusted analysis showed a lower mortality risk with DOAC versus VKA (HR
0.62, 95% CI 0.48–0.80, p < 0.001), while heparin predicted higher mortality (HR 3.63, 95% CI
2.54–5.21, p < 0.001). Higher PESI class independently increased mortality and recurrence.
Conclusion: In the first Croatian PE cohort, DOACs were linked to reduced mortality and
bleeding risk compared with VKAs, with similar recurrence. Clinical, socioeconomic, and
policy factors strongly influenced prescribing patterns and outcomes.

Keywords: pulmonary embolism; anticoagulants; direct oral anticoagulants; vitamin K
antagonists; Croatia; socioeconomic factors
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1. Introduction
Venous thromboembolism (VTE), encompassing deep vein thrombosis (DVT) and

pulmonary embolism (PE), is the third most common acute cardiovascular condition
globally, following myocardial infarction and stroke [1]. Despite advancements in treatment
over the past decade, VTE remains a significant cause of morbidity and mortality, with
approximately 20% of patients dying within one year of an index event [2]. Moreover, the
condition is characterized by a high recurrence rate, with a 3-year cumulative incidence of
up to 15% [3].

Current standard treatment for VTE includes oral anticoagulation for a duration of
three to six months, guided by factors such as the presence of provoking conditions, age,
and inherited or acquired risks. In cases of unprovoked VTE, extended anticoagulation
beyond six months may be recommended.

Vitamin K antagonists (VKAs), such as warfarin, have long been the cornerstone of
anticoagulation therapy. However, the introduction of direct oral anticoagulants (DOACs)
in 2008 has transformed clinical practice. With increasing evidence supporting their efficacy
and safety, DOACs have become the preferred option for many patients [4,5]. Compared to
VKAs, DOACs offer advantages such as fixed dosing, rapid onset of action, and elimination
of routine coagulation monitoring—benefits that may lead to cost savings and improved
adherence [6].

In Croatia, four DOACs are currently available: dabigatran, rivaroxaban, apixaban,
and edoxaban. Their uptake, however, varies across countries and is influenced by national
guidelines and reimbursement policies. For example, DOACs rapidly surpassed VKAs in
Norway by 2015, accounting for more than 80% of new anticoagulation prescriptions in
VTE and atrial fibrillation patients [7]. More recent data from European registries continue
to show varying adoption trends depending on policy and prescriber behavior [8].

While randomized clinical trials have demonstrated comparable efficacy and superior
safety of DOACs over VKAs, real-world studies are essential to validate these outcomes
across diverse patient populations, where adherence and comorbidities may differ.

In Croatia, data on real-world anticoagulant prescribing patterns for PE are limited. To
date, no studies have examined the comparative use of VKAs and DOACs for PE treatment
at a national level.

The objective of this study is to analyze anticoagulant prescribing patterns for acute
PE in Croatia, assess compliance with contemporary guideline recommendations, and
evaluate the association between treatment patterns and clinical outcomes using data from
a dual-center observational registry.

2. Materials and Methods
2.1. Data Source

We maintained a prospective database of all consecutive adults (≥18 years of age)
with verified acute pulmonary embolism who were admitted to two university hospital
centers between December 2013 and December 2024. Data collection involved protected
hospital information system entries and structured telephone interviews conducted at
six-month intervals. Variables recorded included vital signs upon admission (heart rate,
blood pressure, oxygen saturation, and body temperature), comorbidities (recent surgery,
reduced mobility, malignancy, hypertension, diabetes mellitus, dyslipidemia, coronary
artery disease, heart failure, atrial fibrillation, peripheral arterial disease, chronic obstruc-
tive pulmonary disease, chronic kidney disease, previous stroke, neurocognitive disease,
and smoking status), sociodemographic factors (household income, education level, marital
status, and employment status), anthropometric measurements (body mass index), labora-
tory parameters (blood count indices and cardiac biomarkers). Data on the type, duration,
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and discontinuation date of anticoagulant therapy were recorded during hospitalization
and follow-up. Structured telephone questionnaires collected additional information re-
garding socioeconomic barriers to therapy adherence and willingness to switch therapy
types under different reimbursement conditions (Supplementary Materials).

All patients provided informed consent for the use of data for research purposes. The
study protocol was approved by the Ethics Committee (approval number: 2020/2409-09;
date: 24 September 2020) and was conducted according to the principles outlined in the
Declaration of Helsinki.

2.2. Pulmonary Embolism Diagnosis and Management

Pulmonary embolism diagnosis was standardized and confirmed by multi-slice com-
puted tomography (MSCT) pulmonary angiography. Patients were treated according
to the guidelines, receiving either short-acting intravenous unfractionated heparin or
weight-based low-molecular-weight heparin. Post-acute and post-discharge anticoagula-
tion therapy was managed using either VKAs (primarily warfarin), DOACs (rivaroxaban,
apixaban, dabigatran, edoxaban), or heparin.

2.3. Study Population

Eligible participants included all adult patients from the registries of both centers.
Patients who died during the initial hospitalization or who were discharged on antiplatelet
therapy alone, or a combination of antiplatelet and anticoagulant therapy, were excluded.
The remaining patients were divided into three groups based on the type of anticoagulant
therapy prescribed at discharge: VKAs, DOACs, or heparin (Figure 1).

Figure 1. Flowchart of study process. DOAC = direct oral anticoagulant; OAC = oral anticoagulant;
VKA = vitamin K antagonist.

2.4. Primary and Secondary Outcomes

The primary outcome of the study was overall survival during follow-up, while the
secondary outcomes were recurrence of VTE—either total or occurring on or after discontin-
uation of post-discharge anticoagulant therapy—confirmed by MSCT, and major bleeding.

2.5. Statistical Analysis

Categorical variables are expressed as counts (percentages). A chi-square test of inde-
pendence was first conducted to assess overall differences in the distribution of categorical
variables across the three study groups. If the global test indicated statistical significance
(p < 0.05), post hoc pairwise comparisons were performed between each group combination
(VKA vs. DOAC, VKA vs. heparin, and DOAC vs. heparin) using separate 2 × 2 chi-
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square tests. To control for type I error inflation due to multiple comparisons, a Bonferroni
correction was applied to the significance threshold (α/3 = 0.0167). Therefore, pairwise
differences were considered statistically significant only if the p-value was less than 0.0167.
For significant comparisons, effect sizes were reported using Cramer’s V, interpreted as
small (~0.10), medium (~0.30), or large (~0.50) associations.

Continuous variables, evaluated for normality using the Shapiro–Wilk test, demon-
strated non-normal distributions and are presented as median (interquartile range; IQR).
Between-group differences in continuous variables were analyzed using the Kruskal–Wallis
test, with post hoc pairwise comparisons performed using the Dwass–Steel–Critchlow–
Fligner method when appropriate.

Survival differences between groups were visualized with Kaplan–Meier curves and
compared using the log-rank test. Independent predictors of the primary outcome (all-cause
mortality during follow-up) were identified using Cox proportional hazards regression,
with results expressed as hazard ratios (HRs) and 95% confidence intervals (CIs). The
multivariable Cox model included type of anticoagulant therapy at discharge (VKA, DOAC,
or heparin), the PESI class (I–V), and the HAS-BLED risk category (low, medium, or
high/very high). Age, sex, and clinical and laboratory parameters were excluded from the
model to avoid collinearity, as these are components of the PESI and HAS-BLED scores.
Independent predictors of recurrent venous thromboembolism during follow-up were
examined using multivariable logistic regression (odds ratios (ORs) and 95% CIs), with the
same covariates entered as in the Cox model.

Statistical significance was defined as p < 0.05. Data were prepared in Microsoft Excel
and analyzed using Jamovi (version 2.5.5; The Jamovi Project, 2024).

3. Results
3.1. Baseline Characteristics

The study included 773 patients with acute PE who were discharged on VKA (n = 418,
54.1%), DOAC (n = 311, 40.2%), or heparin (n = 44, 5.7%). The median age of the cohort
was 72 years (IQR 60–80), with significant age differences between groups (p < 0.001),
patients on VKA being older than those on DOAC. The proportion of male patients varied
significantly (43.7% overall, p = 0.002), with higher male prevalence in the DOAC group
compared with VKA.

Several comorbidities differed between groups. Chronic kidney disease, neurocogni-
tive disorders, chronic obstructive pulmonary disease, and reduced mobility were signifi-
cantly more prevalent among patients treated with VKAs compared with those receiving
DOACs, whereas associated DVT was more common in the DOAC group (all p < 0.0167
after Bonferroni correction). Notably, malignancy was present in 59.1% of patients in the
heparin group versus ~20% in the other groups (p < 0.001).

Baseline laboratory values demonstrated significant differences in hemoglobin, hema-
tocrit, red cell distribution width, and albumin across all three treatment groups, with
pairwise comparisons confirming differences between each group (all p < 0.05). Patients in
the heparin group had higher C-reactive protein and lower albumin levels, consistent with
a more severe baseline clinical profile (Tables 1–3).
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Table 1. Baseline characteristics of study population.

Variables Total
(n = 773)

VKA
(n = 418)

DOAC
(n = 311)

Heparin
(n = 44) p

Age (years) 72 (60–80) 74 (64–81) 69 (55–77) 72 (62–80) <0.001
Male (%) 338 (43.7) 162 (38.8) 160 (51.4) 16 (36.4) 0.002
BMI (kg/m2) 1 28.1 (25.4–31.7) 28.3 (25.3–31.8) 27.9 (25.8–31.8) 26.0 (23.3–30.2) 0.066
Pre-admission anticoagulation (%) 186 (24.1) 113 (27.0) 66 (21.2) 7 (15.9) 0.082
Co-morbidities (%)

Arterial hypertension 485 (62.7) 257 (61.5) 205 (65.9) 23 (52.3) 0.158
Diabetes 157 (20.3) 84 (20.1) 58 (18.6) 15 (34.1) 0.058
Coronary disease 71 (9.2%) 50 (12.0) 19 (6.1) 2 (4.5) 0.014
Heart failure 175 (22.6) 109 (26.1) 58 (18.6) 8 (18.2) 0.046
Peripheral artery disease 63 (8.2%) 41 (9.8) 15 (4.8) 7 (15.9) 0.008
Atrial fibrillation 169 (21.9) 108 (25.8) 59 (19.0) 2 (4.5) 0.001
Prior stroke 79 (10.2) 49 (11.7) 23 (7.4) 7 (15.9) 0.071
Chronic kidney disease 184 (23.8) 118 (28.2) 51 (16.4) 15 (34.1) <0.001
Neurocognitive disease 208 (26.9) 138 (33.0) 49 (15.8) 21 (47.7) <0.001
Chronic obstructive pulmonary disease 86 (11.1) 58 (13.9) 22 (7.1) 6 (13.6) 0.013
Malignancy 175 (22.6) 86 (20.6) 63 (20.3) 26 (59.1) <0.001
Nicotinismus 232 (30.0) 132 (31.6) 82 (26.4) 18 (40.9) 0.084
Prior bleeding 41 (5.3) 24 (5.7) 13 (4.2) 4 (9.1) 0.333
Prior PE 46 (6.0) 24 (5.7) 19 (6.1) 3 (6.8) 0.948
Prior DVT 85 (11.0) 47 (11.2) 36 (11.6) 2 (4.5) 0.367
Surgical procedure 113 (14.6) 59 (14.1) 43 (13.8) 11 (25.0) 0.133
Reduced mobility 281 (36.4) 170 (40.7) 82 (26.4) 29 (65.9) <0.001
Immobilized 95 (12.3) 40 (9.6) 42 (13.5) 13 (29.5) <0.001
Provoked PE 568 (73.5) 319 (76.3) 207 (66.6) 42 (95.5) <0.001
Associated DVT 302 (39.1) 129 (30.9) 155 (49.8) 18 (40.9) <0.001

Clinical characteristics
HR at admission (b.p.m.) 100 (84–115) 100 (86–115) 99 (82–111) 99 (85–112) 0.211
SBP at admission (mmHg) 125 (110–140) 123 (110–140) 130 (115–140) 120 (109–130) 0.017
Arterial oxyhemoglobin saturation (%) 1 93 (90–96) 93 (90–95) 94 (91–96) 94 (90–96) 0.002
Body temperature at admission (◦C) 36.5 (36.3–36.9) 36.6 (36.3–36.9) 36.5 (36.2–36.9) 36.5 (36.2–36.8) 0.088
LVEF (%) 1 60 (51–65) 55 (45–61) 60 (55–65) 55 (51–60) <0.001

Biological data
White blood cell count (×109/L) 1 9.8 (7.6–12.3) 9.8 (7.6–12.0) 9.6 (7.5–12.1) 11.8 (8.7–15.6) 0.012
Red blood cell count (×1012/L) 4.5 (4.1–4.9) 4.4 (4.1–4.8) 4.6 (4.2–4.9) 4.3 (3.9–4.8) 0.005
Red cell distribution width (%) 14.1 (13.3–15.3) 14.3 (13.5–15.5) 13.7 (13.0–14.9) 15.1 (14.4–16.6) <0.001
Hemoglobin (g/L) 134 (121–146) 133 (120–144) 138 (125–148) 120 (110–136) <0.001
Hematocrit (L/L) 0.40 (0.37–0.44) 0.40 (0.36–0.43) 0.41 (0.38–0.45) 0.38 (0.34–0.42) <0.001
Platelet count (×109/L) 1 226 (183–292) 231 (185–307) 219 (179–275) 237 (179–316) 0.221
Mean platelet volume (fL) 8.4 (7.7–9.2) 8.2 (7.5–9.1) 8.6 (7.9–9.4) 8.7 (8.2–10.3) <0.001
Creatinine (µmol/L) 1 84 (74–102) 88 (77–107) 82 (71–94) 83 (74–104) <0.001
C-reactive protein (mg/L) 21.4 (9.6–54.4) 22.4 (11.1–47.3) 18.4 (7.2–50.7) 54.2 (30.0–101.0) <0.001
D-dimers (mg/L) 1 4.4 (3.0–8.5) 4.4 (2.7–11.0) 4.4 (3.2–4.6) 4.4 (4.1–17.4) 0.058
Fibrinogen (g/L) 1 3.9 (3.2–5.0) 4.0 (3.2–5.0) 3.8 (3.1–5.0) 3.8 (2.6–4.7) 0.159
Albumin (g/L) 1 37 (33–40) 37 (32–40) 38 (35–41) 34 (30–36) <0.001
Estimated GFR (mL/min/1.73 m2) 68 (51–86) 66 (50–82) 73 (56–90) 66 (45–86) <0.001
NT-proBNP (pg/mL) 1 1012 (269–4336) 378 (117–1058) 1540 (475–4756) 493 (233–8950) 0.002
Positive cardiac troponin I (%) 1 325 (45.0) 144 (36.8) 155 (52.9) 26 (66.7) <0.001

Scores
Wells’ criteria for PE 4.5 (3.0–6.5) 4.5 (3.0–6.0) 5.5 (4.0–7.0) 6.0 (4.0–7.5) 0.005
PESI 100 (77–128) 103 (79–136) 94 (73–116) 122 (105–169) <0.001
CHA2DS2–VASc 3 (2–4) 3 (2–5) 3 (2–4) 3 (2–5) 0.028
HAS-BLED 2 (1–3) 2 (1–3) 1 (0–2) 2 (1–3) <0.001
ATRIA 3 (1–4) 3 (1–4) 1 (0–4) 4 (3–6) <0.001

1 Missing data: BMI (n = 1); arterial oxyhemoglobin saturation (n = 10); LVEF (n = 172); white blood cell count
(n = 1); platelet count (n = 9); creatinine (n = 2); D-dimer (n = 128); fibrinogen (n = 268); albumin (n = 131);
NT-proBNP (n = 603); positive cardiac troponin I (n = 50). ATRIA: Anticoagulation and Risk Factors in Atrial
Fibrillation score; BMI: body mass index; CHA2DS2–VASc: congestive heart failure, hypertension, age ≥ 75 years,
diabetes mellitus, prior stroke/transient ischemic attack, vascular disease, age 65–74 years, and sex category;
DVT: deep vein thrombosis; HAS-BLED: hypertension, abnormal renal/liver function, stroke, bleeding history or
predisposition, labile international normalized ratio, elderly, drugs/alcohol; HR: heart rate; LVEF: left ventric-
ular ejection fraction; NT-proBNP: N-terminal pro–B-type natriuretic peptide; PE: pulmonary embolism; PESI:
Pulmonary Embolism Severity Index; SBP: systolic blood pressure.

Table 2. Post hoc analysis of categorical variables.

Variables
VKA vs. DOAC VKA vs. Heparin DOAC vs. Heparin

p Cramer’s V p Cramer’s V p Cramer’s V

Sex <0.001 0.126 0.756 - 0.061 -
Co-morbidities

Coronary disease 0.008 0.099 0.139 - 0.681 -
Heart failure 0.018 - 0.252 - 0.941 -
Peripheral artery disease 0.012 0.093 0.207 - 0.004 0.152
Atrial fibrillation 0.029 - 0.002 0.147 0.018 -
Chronic kidney disease <0.001 0.139 0.414 - 0.005 0.150
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Table 2. Cont.

Variables
VKA vs. DOAC VKA vs. Heparin DOAC vs. Heparin

p Cramer’s V p Cramer’s V p Cramer’s V

Neurocognitive disease <0.001 0.195 0.051 - <0.001 0.265
Chronic obstructive pulmonary disease 0.004 0.108 0.965 - 0.131 -
Malignancy 0.916 - <0.001 0.264 <0.001 0.295
Reduced mobility <0.001 0.149 0.001 0.150 <0.001 0.281
Immobilized 0.096 - <0.001 0.184 0.006 0.146
Provoked PE 0.004 0.108 0.003 0.136 <0.001 0.208
Associated DVT <0.001 0.192 0.173 - 0.267 -

Biological data
Positive cardiac troponin I <0.001 0.160 <0.001 0.175 0.105 -

Sociodemographic data
Monthly household income <0.001 0.422 0.010 0.169 <0.001 0.377
Education level <0.001 0.333 <0.001 0.248 <0.001 0.306
Marital status <0.001 0.224 0.148 - 0.001 0.226
Employment status <0.001 0.180 0.899 - 0.256 -
Household members <0.001 0.271 <0.001 0.244 <0.001 0.367
Participants having underage children 0.076 - 0.006 0.164 <0.001 0.270

DVT: deep vein thrombosis; PE: pulmonary embolism. Post hoc tests used Bonferroni correction with significance
at p < 0.0167. Significant effects include Cramer’s V values interpreted as small (~0.10), medium (~0.30), or large
(~0.50).

Table 3. Post hoc analysis of continuous variables.

Variables
VKA vs. DOAC VKA vs. Heparin DOAC vs. Heparin

p p p

Age (years) <0.001 0.871 0.168
Clinical characteristics

SBP at admission (mmHg) 0.076 0.389 0.042
Arterial oxyhemoglobin saturation (%) 0.001 0.649 0.774
LVEF (%) <0.001 0.934 0.091

Biological data
White blood cell count (×109/L) 0.819 0.015 0.010
Red blood cell count (×1012/L) 0.010 0.566 0.107
Red cell distribution width (%) <0.001 0.002 <0.001
Hemoglobin (g/L) 0.006 0.004 <0.001
Hematocrit (L/L) 0.039 0.019 <0.001
Mean platelet volume (fL) <0.001 0.002 0.240
Creatinine (µmol/L) <0.001 0.381 0.656
C-reactive protein (mg/L) 0.218 <0.001 <0.001
Albumin (g/L) <0.001 0.009 <0.001
Estimated GFR (mL/min/1.73 m2) <0.001 0.996 0.245
NT-proBNP (pg/mL) 0.001 0.608 0.816

Scores
Wells’ criteria for PE 0.027 0.040 0.327
PESI <0.001 <0.001 <0.001
CHA2DS2–VASc 0.024 1.000 0.417
HAS-BLED <0.001 0.700 0.090
ATRIA 0.272 0.003 0.001

ATRIA: Anticoagulation and Risk Factors in Atrial Fibrillation score; CHA2DS2–VASc: congestive heart failure,
hypertension, age ≥ 75 years, diabetes mellitus, prior stroke/transient ischemic attack, vascular disease, age
65–74 years, and sex category; HAS-BLED: hypertension, abnormal renal/liver function, stroke, bleeding history
or predisposition, labile international normalized ratio, elderly, drugs/alcohol; LVEF: left ventricular ejection
fraction; NT-proBNP: N-terminal pro–B-type natriuretic peptide; PE: pulmonary embolism; PESI: Pulmonary
Embolism Severity Index; SBP: systolic blood pressure. Post hoc pairwise comparisons used Dwass–Steel–
Critchlow–Fligner after Kruskal–Wallis.

During the study period, DOACs almost completely replaced warfarin in the treat-
ment of pulmonary embolism (Figure 2). Whereas rivaroxaban was the most frequently
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prescribed DOAC in the early phase, apixaban became the predominant choice in the later
years of the study period (Figure 3).

 

Figure 2. Anticoagulation patterns during study period.

 

Figure 3. Direct oral anticoagulant (DOAC) patterns during study period.

3.2. Sociodemographic Characteristics

Education level, marital status, employment, and household income significantly
differed between groups (all p < 0.001). Patients discharged on DOAC were more likely to
have higher education and income compared to those on VKA or heparin (Tables 2 and 4).

Table 4. Sociodemographic characteristics of study population.

Variables
Total

(n = 773)
VKA

(n = 418)
DOAC

(n = 311)
Heparin
(n = 44)

p

Monthly household income (%) <0.001
<330 € 106 (13.7) 81 (19.4) 22 (7.1) 3 (6.8)
330–431 € 144 (18.6) 91 (21.8) 50 (16.1) 3 (6.8)
432–832 € 118 (15.3) 53 (12.7) 58 (18.6) 7 (15.9)
>832 € 221 (28.6) 63 (15.1) 149 (47.9) 9 (20.5)
Did not want to share information/unknown 184 (23.8) 130 (31.1) 32 (10.3) 22 (50.0)
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Table 4. Cont.

Variables
Total

(n = 773)
VKA

(n = 418)
DOAC

(n = 311)
Heparin
(n = 44)

p

Education level (%) <0.001
No elementary school 132 (17.1) 90 (21.5) 27 (8.7) 15 (34.1)
Elementary school graduate 217 (28.1) 155 (37.1) 57(18.3) 5 (11.4)
High school graduate 306 (39.6) 139 (33.3) 153 (49.2) 14 (31.8)
Bachelor’s/master’s degree 110 (14.2) 32 (7.7) 71 (22.8) 7 (15.9)
Unknown 8 (1.0) 2 (0.5) 3 (1.0) 3 (6.8)

Marital status (%) <0.001
Married 440 (56.9) 211 (50.5) 210 (67.5) 19 (43.2)
Single 64 (8.3) 27 (6.5) 33 (10.6) 4 (9.1)
Divorced 26 (3.4) 18 (4.3) 6 (1.9) 2 (4.5)
Widow/widower 231 (29.9) 156 (37.3) 59 (19.0) 16 (36.4)
Unknown 12 (1.6) 6 (1.4) 3 (1.0) 3 (6.8)

Employment status (%) <0.001
Emplyed 163 (21.1) 63 (15.1) 92 (29.6) 8 (18.2)
Unemployed 75 (9.7) 44 (10.5) 26 (8.4) 5 (11.4)
Retired 514 (66.5) 297 (71.1) 188 (60.5) 29 (65.9)
Unknown 21 (2.7) 14 (3.3) 5 (1.6) 2 (4.5)

Household members (%) <0.001
Living alone 139 (18.0) 84 (20.1) 44 (14.1) 11 (25.0)
Living with spouse 272 (35.2) 128 (30.6) 136 (43.7) 8 (18.2)
Living with spouse and children 90 (11.6) 38 (9.1) 47 (15.1) 5 (11.4)
Retirement home 154 (19.9) 110 (26.3) 31(10.0) 13 (29.5)
Living with children (>18 years old) 7 (0.9) 4 (1.0) 3 (1.0) 0 (0.0)
Living with family 80 (10.3) 45 (10.8) 33 (10.6) 2 (4.5)
Widowed with underage children 1 (0.1) 1 (0.2) 0 (0.0) 0 (0.0)
Living with parents 19 (2.5) 4 (1.0) 15 (4.8) 0 (0.0)
Unknown 11 (1.4) 4 (1.0) 2 (0.6) 5 (11.4)

Participants having underage children (%) <0.001
Has underage children 33 (4.3) 14 (3.3) 18 (5.8) 1 (2.3)
No underage children 89 (11.5) 44 (10.5) 41 (13.2) 4 (9.1)
Has children older than 18 630 (81.5) 348 (83.3) 249 (80.1) 33 (75.0)
Unknown 21 (2.7) 12 (2.9) 3 (1.0) 6 (13.6)

3.3. Clinical Outcomes

The overall median follow-up duration was 1106 days. When stratified by treatment
group, follow-up differed significantly (p < 0.001), being shortest in the heparin group
(58 days), intermediate in the DOAC group (955 days), and longest in the VKA group
(1390 days). All-cause mortality occurred in 47.9% of the cohort, with rates of 60.3% in
the VKA group, 26.0% in the DOAC group, and 84.1% in the heparin group (p < 0.001).
The highest malignancy-related mortality was observed in the heparin group (38.6%). The
overall VTE recurrence rate was 22.9%, with no significant differences between groups
(p = 0.431) either during anticoagulant therapy or after its discontinuation. Major bleeding
events were less frequent in the DOAC group (2.9%) than in the VKA group (9.3%, p = 0.003;
Table 5 and Figure 4). No significant differences in primary or secondary outcomes were
observed between the different types of DOACs (Table 6).

Table 5. Clinical outcomes in pulmonary embolism patients by anticoagulant therapy type.

Variables
Total

(n = 773)
VKA

(n = 418)
DOAC

(n = 311)
Heparin
(n = 44)

p

Outcomes
Death from any cause (%) 370 (47.9%) 252 (60.3) 81 (26.0) 37 (84.1) <0.001
Cause of death (%)

Embolism 49 (6.3) 31 (7.4) 7 (2.3) 11 (25.0)
CV/MI 32 (4.1) 22 (5.3) 9 (2.9) 1 (2.3)
Heart failure 40 (5.2) 29 (6.9) 10 (3.2) 1 (2.3)
Stroke 13 (1.7) 11 (2.6) 2 (0.6) 0 (0.0)
Sepsis 82 (10.6) 59 (14.1) 19 (6.1) 4 (9.1)
Malignancy 111 (14.4) 69 (16.5) 25 (8.0) 17 (38.6)
Intracerebral bleeding 6 (0.8) 6 (1.4) 0 (0.0) 0 (0.0)



J. Cardiovasc. Dev. Dis. 2025, 12, 394 9 of 19

Table 5. Cont.

Variables
Total

(n = 773)
VKA

(n = 418)
DOAC

(n = 311)
Heparin
(n = 44)

p

Any bleeding 4 (0.5) 4 (1.0) 0 (0.0) 0 (0.0)
External causes 6 (0.8) 5 (1.2) 0 (0.0) 1 (2.3)
Unknown 27 (3.5) 16 (3.8) 9 (2.9) 2 (4.5)

VTE recurrences (%)
Total VTE recurrences 177 (22.9) 101 (24.2) 69 (22.2) 7 (15.9) 0.431
VTE recurrence on therapy 112 (14.5) 66 (15.8) 43 (13.8) 3 (6.8) 0.250
VTE recurrence after therapy 65 (8.4) 35 (8.4) 26 (8.4) 4 (9.1) 0.986

Bleeding (%) 49 (6.3) 39 (9.3) 9 (2.9) 1 (2.3) 0.001
Follow-up (days) 1106 (357–2234) 1390 (335–2583) 955 (425–1926) 58 (21–483) <0.001

CV/MI: cardiovascular disease/myocardial infarction; VTE: venous thromboembolism. Post hoc pairwise
comparisons for follow-up analysis were conducted using the Dwass–Steel–Critchlow–Fligner test following the
Kruskal–Wallis test (VKA vs. DOAC: p = 0.014; VKA vs. Heparin: p < 0.001; DOAC vs. Heparin: p < 0.001).

Figure 4. Graphical representation of clinical outcomes in pulmonary embolism patients by type of
anticoagulant therapy, including post hoc analysis. Post hoc tests used Bonferroni correction with
significance at * p < 0.0167.

Table 6. Clinical outcomes by DOAC type in pulmonary embolism patients.

Variables
DOAC

(n = 311)
Dabigatran

(n = 57)
Rivaroxaban

(n = 150)
Apixaban

(n = 98)
Edoxaban

(n = 6)
p

Outcomes
Death from any cause (%) 81 (26.0) 21 (36.8) 37 (24.7) 22 (22.4) 1 (16.7) 0.210
VTE recurrences

Total VTE recurrences 69 (22.2) 14 (24.6) 37 (24.7) 17 (17.3) 1 (16.7) 0.541
VTE recurrence on therapy 43 (13.8) 5 (8.8) 27 (18.0) 10 (10.2) 1 (16.7) 0.209
VTE recurrence after therapy 26 (8.4) 9 (15.8) 10 (6.7) 7 (7.1) 0 (0.0) 0.144

Bleeding (%) 9 (2.9) 1 (1.8) 4 (2.7) 3 (3.1) 1 (16.7) 0.226

3.4. Survival Analysis

Kaplan–Meier analysis showed significantly higher survival probability in the DOAC
group compared with VKA (log-rank p < 0.001; Figure 5). In multivariable Cox regression,
after adjusting for PESI and HAS-BLED scores, DOAC therapy was associated with a
38% lower risk of all-cause mortality compared with VKA (HR 0.62, 95% CI 0.48–0.80,
p < 0.001). In contrast, heparin therapy was associated with a more than threefold increased
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mortality risk (HR 3.63, 95% CI 2.54–5.21, p < 0.001). Higher PESI class and high/very
high HAS-BLED scores were also independently associated with worse survival (Table 7;
Figure 6).

Figure 5. Kaplan–Meier curves showing survival probability after an index pulmonary embolism
event stratified by anticoagulation type. Pairwise post hoc comparisons with Bonferroni adjustment
demonstrated significant differences between all groups (all p < 0.001).

Table 7. Univariate and multivariate Cox proportional hazard regression model for overall survival.

Variables Total
Univariate

HR (95% CI, p)
Multivariate

HR (95% CI, p)

Post-discharge anticoagulant
therapy (ref. VKA) 418 (54.1)

DOAC 311 (40.2) 0.49 (0.38–0.64, p < 0.001) 0.62 (0.48–0.80, p < 0.001)
Heparin 44 (5.7) 4.18 (2.94–5.94, p < 0.001) 3.63 (2.54–5.21, p < 0.001)

PESI score (ref. Class I) 1 97 (12.5)
Class II 168 (21.7) 4.38 (1.86–10.32, p = 0.001) 3.75 (1.58–8.87, p = 0.003)
Class III 167 (21.6) 10.82 (4.72–24.82, p < 0.001) 8.82 (3.79–20.51, p < 0.001)
Class IV 130 (16.8) 18.71 (8.16–42.89, p < 0.001) 12.43 (5.32–29.02, p < 0.001)
Class V 211 (27.3) 27.36 (12.09–61.94, p < 0.001) 19.56 (8.50–45.00, p < 0.001)

HAS-BLED score (ref. Low risk) 2 335 (43.3)
Medium risk 215 (27.8) 1.97 (1.50–2.58, p < 0.001) 1.15 (0.87–1.52, p = 0.331)
High/very high risk 223 (28.8) 3.27 (2.54–4.21, p < 0.001) 1.64 (1.26–2.13, p < 0.001)

1 PESI score: class I (0–65), class II (66–85), class III (86–105), class IV (106–125), and class V (>125). 2 HAS-
BLED score: low risk (0–1), medium risk (2), and high/very high risk (>2). Concordance = 0.771 (SE = 0.013);
R-squared = 0.346 (Max possible = 0.997). HAS-BLED: hypertension, abnormal renal/liver function, stroke,
bleeding history or predisposition, labile international normalized ratio, elderly, drugs/alcohol; PESI: Pulmonary
Embolism Severity Index.

Subgroup Kaplan–Meier analyses demonstrated clear separation of survival curves
across all six strata (malignancy, no malignancy, male, female, ≤65 years, ≥65 years),
with pairwise Bonferroni-adjusted comparisons confirming significant differences between
treatment groups. In each subgroup, DOAC therapy was associated with significantly
lower mortality compared with VKAs, whereas heparin consistently conferred the highest
risk of death (Figure 7).
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Figure 6. Multivariate Cox proportional hazard regression model for overall survival (forest plot).

Figure 7. Kaplan–Meier survival curves by anticoagulant therapy (VKA, DOAC, heparin) in prede-
fined clinical subgroups: male, female, younger (<65 years), older (≥65 years), with malignancy, and
without malignancy.
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3.5. Predictors of VTE Recurrence

In multivariable logistic regression, PESI class V (vs. class I) was an independent
predictor of recurrent VTE (OR 3.50, 95% CI 1.79–6.81, p < 0.001). Neither anticoagulant
type nor HAS-BLED score significantly predicted recurrence (Table 8).

Table 8. Univariate and multivariate logistic regression model for total VTE recurrence.

Variables Total
Univariate

OR (95% CI, p)
Multivariate

OR (95% CI, p)

Post-discharge anticoagulant
therapy (ref. VKA)

418 (54.1)

DOAC 311 (40.2) 1.12 (0.79–1.58, p = 0.533) 1.30 (0.90–1.88, p = 0.155)
Heparin 44 (5.7) 1.68 (0.73–3.89, p = 0.223) 1.30 (0.55–3.08, p = 0.555)

PESI score (ref. Class I) 1 97 (12.5)
Class II 168 (21.7) 0.96 (0.55–1.66, p = 0.877) 1.03 (0.58–1.81, p = 0.926)
Class III 167 (21.6) 0.95 (0.55–1.65, p = 0.854) 1.03 (0.57–1.85, p = 0.931)
Class IV 130 (16.8) 1.70 (0.92–3.16, p = 0.091) 1.87 (0.96–3.64, p = 0.067)
Class V 211 (27.3) 3.16 (1.71–5.83, p < 0.001) 3.50 (1.79–6.81, p < 0.001)

HAS-BLED score (ref. Low risk) 2 335 (43.3)
Medium risk 215 (27.8) 0.89 (0.60–1.32, p = 0.566) 0.73 (0.48–1.13, p = 0.155)
High/very high risk 223 (28.8) 1.39 (0.91–2.12, p = 0.124) 1.08 (0.67–1.73, p = 0.757)

1 PESI score: class I (0–65), class II (66–85), class III (86–105), class IV (106–125), and class V (>125). 2 HAS-
BLED score: low risk (0–1), medium risk (2), and high/very high risk (>2). Area under the curve = 0.644;
R-squared = 0.0674. HAS-BLED: hypertension, abnormal renal/liver function, stroke, bleed-ing history or predis-
position, labile international normalized ratio, elderly, drugs/alcohol; PESI: Pulmonary Embolism Severity Index.

4. Discussion
Data from our real-world cohort study demonstrates substantial differences in baseline

characteristics, sociodemographic profiles, and clinical outcomes among PE patients treated
with VKA, DOAC, or heparin at hospital discharge. Patients discharged on DOACs tended
to be younger, more frequently male, and had higher education and household income
levels compared with those receiving VKAs or heparin. Conversely, the heparin group
included a disproportionately high proportion of patients with active malignancy (59.1%),
reduced albumin levels, elevated inflammatory markers, and markedly shorter follow-up
times, suggesting advanced disease or palliative intent. The observed sociodemographic
profile of DOAC users is consistent with international studies reporting that patients with
higher socioeconomic status are more likely to be prescribed DOACs and to adhere to
therapy [9,10]. These differences provide important insights into evolving anticoagulation
prescribing patterns in Croatia and their relationship to patient outcomes.

To the best of our knowledge, no prior study representative of the Croatian healthcare
system has comprehensively assessed survival and VTE recurrence patterns across different
anticoagulation strategies in real-world settings. Over time, a significant increase in the use
of DOACs was observed, with their use reaching 100% by the end of the enrollment period.
This shift is most likely attributable to changes in reimbursement policies, as DOACs
became fully covered by the Croatian Institute for Health Insurance. This mirrors trends in
other European countries following reimbursement policy changes and updated guideline
recommendations prioritizing DOACs for most VTE patients [4,11]. In our cohort, this
change coincided with full coverage of DOAC costs by the Croatian Institute for Health
Insurance, effectively removing a major economic barrier to their use.

In addition to broader availability and full reimbursement, the widespread adoption
of DOACs in Croatia is also supported by growing physician confidence, driven by robust
clinical evidence of their efficacy and updated international guidelines that recommend
DOACs as first-line therapy for most patients with VTE [4].
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Although current guidelines still recommend vitamin K antagonists (VKAs) such
as warfarin in selected VTE patients, including those with severe obesity [12,13], our
findings indicate that Croatian physicians increasingly prescribe DOACs even in these
subpopulations, apparently without compromising clinical outcomes. Notably, earlier
studies in patients with atrial fibrillation have highlighted that obesity may affect the safety
and efficacy profiles of different DOACs. Specifically, dabigatran has been associated with
potential loss of efficacy, while rivaroxaban may be linked to a higher risk of major bleeding
in obese patients [14]. Interestingly, higher body mass index was associated with improved
survival (HR 0.95, 95% CI 0.93–0.97, p < 0.001) in our cohort, consistent with the so-called
“obesity paradox” previously described in cardiovascular diseases [15,16].

According to international guidelines, anticoagulant therapy should be continued
for at least 3 to 6 months in patients with VTE provoked by transient risk factors. For
those without transient risk factors and at low risk of bleeding, extended treatment be-
yond 6 months is recommended [4,17,18]. Extended indefinite oral anticoagulant therapy
should be considered in patients with a first episode of pulmonary embolism without an
identifiable provoking factor, as these patients are at increased risk of recurrence. This rec-
ommendation is consistent with the 2019 European Society of Cardiology (ESC) Guidelines,
which emphasize individualized assessment of recurrence risk and bleeding risk when
determining the duration of anticoagulation [4]. In our study, most patients received oral
anticoagulants for longer than 6 months, reflecting a tendency among Croatian physicians
to extend treatment duration.

Currently, apixaban is the most frequently prescribed DOAC in our cohort, which
aligns with findings from previous research [11]. A prior study examining treatment
patterns of oral anticoagulants in Croatian patients with atrial fibrillation reported no
thromboembolic events in the apixaban subgroup [19]. Such findings may contribute to
the perception of apixaban as a particularly “safe” option and may explain the observed
preference for extended therapy in patients receiving apixaban.

Our findings from a Croatian dual-center registry align closely with results from
large-scale French nationwide cohort studies [20]. The French nationwide cohort, which
included over 58,000 patients with VTE between 2013 and 2018, reported substantial mor-
tality and safety advantages with DOAC therapy, particularly apixaban, compared to
VKA. In that study, apixaban use was associated with significantly lower risks of hospi-
talization for major bleeding, all-cause mortality, and recurrent VTE. Rivaroxaban also
demonstrated a reduction in mortality, but without statistically significant reductions in
bleeding or recurrence.

Taken together, both datasets consistently support the superior safety profile of DOACs
over VKAs, particularly regarding the reduction in major bleeding, with at least a compa-
rable, if not improved, effect on thromboembolic recurrence. The magnitude of mortality
reduction observed in both Croatia and France suggests that the benefits of DOACs are
not limited to controlled trial settings but are reproducible in real-world populations with
diverse comorbidities and healthcare systems.

International guidelines have progressively evolved in favor of DOAC use. The
2016 ESC atrial fibrillation guidelines first clearly recommended DOACs over vitamin K
antagonists (VKAs) for most patients with non-valvular atrial fibrillation, a position that
was reaffirmed in the 2020 update and further strengthened in the 2024 ESC guidelines, as
well as in the 2019 and 2023 AHA/ACC/HRS guidelines [21–24]. In Croatia, DOACs have
been available since 2013, when they became widely available and partially reimbursed [19].
Nevertheless, their broader use remained limited because they were not fully reimbursed
by the Croatian Health Insurance Fund until 2024. Consequently, VKAs remained the
predominant oral anticoagulant in routine clinical practice. The observed delay in DOAC
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uptake was therefore not primarily due to lack of evidence or guideline support, but rather
to reimbursement restrictions. Once this economic barrier was removed in 2024, prescribing
patterns rapidly shifted in line with international guideline recommendations.

Clinical outcomes strongly favored DOAC therapy. In adjusted multivariable Cox
regression, DOAC use was associated with a 38% reduction in all-cause mortality compared
with VKA. Heparin therapy was associated with a more than threefold increase in mortality
risk, which likely reflects selection bias, as these patients often had advanced comorbidities.
Kaplan–Meier survival analysis confirmed a statistically significant survival advantage for
DOAC over VKA.

The considerable differences in follow-up duration between treatment groups should
be interpreted in the context of treatment selection. Shorter follow-up in the heparin group
likely reflects its frequent use in patients with advanced disease or limited life expectancy,
whereas longer follow-up in oral anticoagulant groups corresponds to more stable patients
with better prognoses. It should also be noted that VKAs were more commonly prescribed
in the earlier years of the study, which naturally resulted in longer follow-up compared
with DOACs that became widely adopted later in the study period. Taken together, these
factors highlight the prognostic and temporal heterogeneity of our cohort and make direct
comparison of outcomes between groups more challenging.

Bleeding outcomes also supported DOAC use. Major bleeding occurred in only 2.9%
of DOAC patients versus 9.3% of those on VKA, aligning with randomized trial data and
meta-analyses showing lower bleeding risk with DOACs in VTE treatment [25]. VTE
recurrence rates did not differ significantly between groups (p = 0.431), and anticoagulant
type was not an independent predictor of recurrence. Instead, PESI class V emerged as the
strongest predictor of recurrence risk.

In our registry, the proportion of patients experiencing recurrent VTE during ongo-
ing anticoagulant therapy (14.5%) was notably higher than recurrence rates reported in
randomized controlled trials. This finding should be interpreted in the context of our high-
risk, heterogeneous “real-world” population. The most powerful independent predictor
of recurrence was PESI class V, highlighting the impact of baseline disease severity on
long-term outcomes. Additionally, our cohort included a substantial proportion of patients
with active malignancy (22.6%), reduced mobility, chronic cardiopulmonary disease, and
advanced age—each of which is independently associated with an increased risk of re-
current thromboembolism despite adequate anticoagulation. The absence of a significant
association between the type of anticoagulant (VKA, DOAC, or heparin) and recurrence
in multivariable analysis suggests that underlying clinical complexity and comorbidity
burden outweighed the influence of pharmacological choice.

Clinical trials have also addressed the role of DOACs in patients with cancer-associated
VTE. The SELECT-D trial [26] demonstrated that rivaroxaban reduced recurrent VTE
compared with dalteparin, albeit with a higher incidence of clinically relevant non-major
bleeding. More recently, the CARAVAGGIO trial [27] confirmed the efficacy and safety
of apixaban compared with dalteparin, showing non-inferiority in preventing recurrent
VTE without an excess of major gastrointestinal bleeding. These data further supported the
inclusion of DOACs in the 2019 ESC guidelines as an alternative to low-molecular-weight
heparin in the management of cancer-associated thrombosis [4].

In the subgroup analysis comparing different DOAC types (dabigatran, rivaroxaban,
apixaban, and edoxaban), no statistically significant differences were observed in mortality,
VTE recurrence, or major bleeding rates. Although numerically higher mortality was
recorded in the dabigatran subgroup and higher recurrence rates in the rivaroxaban and
dabigatran subgroups, these findings did not reach statistical significance. This suggests
that in our population, no individual DOAC demonstrated clear superiority, which is
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consistent with previous reports indicating that inter-DOAC differences are generally
modest and often related to patient characteristics and physician prescribing patterns
rather than intrinsic drug efficacy [28]. However, the relatively small number of patients
in certain subgroups, particularly edoxaban, limits interpretation and warrants cautious
conclusions.

Socioeconomic and psychosocial factors can influence anticoagulant prescribing pat-
terns. Socioeconomic analyses have shown that higher income and educational attainment
are associated with a greater likelihood of receiving DOACs, whereas VKAs are more
commonly prescribed for patients with lower income [9,29]. This may reflect differences in
drug affordability, reimbursement coverage, and anticipated adherence, as DOACs gen-
erally require less monitoring and impose fewer dietary restrictions, which may be more
manageable for patients with higher health literacy and better access to health information.

International studies support these observations. The FinACAF study demonstrated
that higher income and education were independently associated with improved DOAC
adherence, although persistence rates did not differ significantly by socioeconomic sta-
tus [9]. In the United States, Jaladi et al. reported that high out-of-pocket costs led to
DOAC discontinuation in over 8% of newly diagnosed VTE patients [29]. Socioeconomic
disparities have also been noted among patients with comorbidities such as chronic kidney
disease, where lower-income individuals were less likely to receive DOACs despite clinical
indications [30].

Social determinants of health, particularly marital status and social support, have been
linked to outcomes in VTE and other conditions. Married individuals generally exhibit
better adherence, follow-up compliance, and overall survival compared to unmarried,
divorced, or widowed persons [31,32]. Population-based studies from Sweden indicate
that never-married, divorced, and widowed men have significantly higher all-cause and
cardiovascular mortality compared with married or cohabiting men, with similar trends
observed in women [32].

Our findings suggest that lower education, lower income, and lack of partner support
may limit access to optimal anticoagulation therapy. These factors likely reflect differ-
ences in health literacy, ability to navigate the healthcare system, and financial barriers
related to DOAC reimbursement. Until 2024, out-of-pocket costs for DOACs disproportion-
ately affected socioeconomically disadvantaged patients, and the removal of this barrier is
expected to narrow inequities. Nevertheless, disparities may persist, and targeted interven-
tions are needed. These include simplified access pathways, patient education programs
tailored to low health-literacy populations, proactive counseling and decision aids, and
system-level measures such as copayment caps or monitoring of equitable prescribing.
Such approaches could mitigate the impact of social determinants on clinical outcomes
and promote more equitable care delivery. Taken together, these findings underscore that
anticoagulant prescribing and patient outcomes are influenced by a complex interplay of
socioeconomic and psychosocial factors, rather than by anticoagulant class alone.

The shift toward DOAC dominance in Croatia parallels global real-world data showing
their rapid adoption due to convenience (fixed dosing, no need for routine monitoring),
favorable safety profile, and comparable or superior efficacy compared to VKAs [5,33]. Of
note, DOAC use in traditionally higher-risk subgroups, such as those with obesity or renal
impairment, was common in our registry despite guideline caution, suggesting increasing
physician confidence and reliance on individualized risk-benefit assessment.

In recent years, the introduction of Pulmonary Embolism Response Teams (PERT) has
represented an important advance in the management of acute PE. These multidisciplinary
teams enable rapid risk stratification and collaborative decision-making, which facilitates
the timely initiation of advanced therapeutic strategies in appropriately selected patients.
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By expanding the availability of catheter-directed therapies and other interventional op-
tions, PERT programs have been shown to improve hemodynamic stabilization, optimize
resource utilization, and potentially enhance patient outcomes [4,34].

Our study has limitations. The observational design precludes causal inference, and
residual confounding is possible despite multivariable adjustment. Additionally, treatment
selection in this real-world cohort was non-random and strongly shaped by clinical acuity
and prognosis. Heparin was frequently chosen in patients with advanced cancer, high
PESI, or anticipated short survival, which introduces confounding by indication and likely
accounts for part of the mortality difference versus DOACs and VKAs. We acknowledge
that we could not fully eliminate residual confounding; treatment selection (e.g., heparin in
palliative or unstable patients) likely biased results toward higher mortality in that group.
Differences in follow-up duration between treatment groups also limit comparability, as
they reflect both prognostic heterogeneity and temporal shifts in prescribing, with VKAs
used more frequently in earlier years and DOACs more commonly introduced later in
the study period. Although treatment adherence is a well-established determinant of
anticoagulation effectiveness, we did not have reliable data to evaluate adherence in
this study, and this represents an important limitation. Finally, because our study was
based on two university centers with advanced diagnostic and therapeutic capacities, the
generalizability of findings to smaller or rural hospitals may be limited. Differences in case
mix and availability of interventions could result in variations in treatment patterns and
outcomes across the country. Although there have been initiatives and expressed intent
to establish a nationwide PE/VTE registry in Croatia, this has not yet been realized due
to resource and organizational constraints. The creation of such a registry would provide
an invaluable platform for monitoring treatment patterns, benchmarking outcomes across
diverse hospital settings, and guiding policy interventions to promote equitable access to
optimal therapy.

5. Conclusions
In conclusion, in this large Croatian real-world cohort of PE patients, DOAC therapy

was associated with improved survival, lower bleeding risk, and equivalent recurrence
prevention compared with VKAs. Prescribing trends reflect the influence of updated
evidence, reimbursement policies, and socioeconomic factors. Future national registry
initiatives could validate these findings across a broader patient population and inform
strategies to ensure equitable access to optimal anticoagulant therapy, incorporating both
clinical risk stratification and social determinants of health.

Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/jcdd12100394/s1.

Author Contributions: Conceptualization, I.J., I.H. and K.M.B.; methodology, I.J., I.H. and K.M.B.;
software, I.J. and K.G.; validation, Š.M., M.P. and D.D.; formal analysis, I.J., K.G. and J.P.; investigation,
A.B., Z.M. and J.P.; resources, I.H., I.J., J.P. and T.-T.C.; data curation, I.J., J.P., F.Š., N.P.Ž., Z.M., M.P.,
D.D. and Š.M.; writing—original draft preparation, I.J., T.-T.C. and K.G.; writing—review and editing,
J.P., N.P.Ž. and F.Š.; visualization, K.G. and I.J.; supervision, I.J., K.M.B., I.H. and A.B. All authors
have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki and approved by the Ethics Committee of the Dubrava University Hospital, Croatia
(approval number: 2020/2409-09; date: 24 September 2020).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

https://www.mdpi.com/article/10.3390/jcdd12100394/s1
https://www.mdpi.com/article/10.3390/jcdd12100394/s1


J. Cardiovasc. Dev. Dis. 2025, 12, 394 17 of 19

Data Availability Statement: The data presented in this study is available on request from the
corresponding author.

Conflicts of Interest: All authors have completed the Unified Competing Interest form at www.icmje.
org/coi_disclosure.pdf (accessed on 20 August 2025; available upon request from the corresponding
author). I.J. received personal fees from Pfizer Inc. and Boehringer Ingelheim International GmbH,
unrelated to the submitted work. Š.M., M.P., F.Š., and I.H. received personal fees from Pfizer Inc.,
Boehringer Ingelheim International GmbH, and Bayer AG, unrelated to the submitted work. A.B.
received personal fees from Pfizer Inc. and Bayer AG, unrelated to the submitted work. K.G. received
personal fees from Krka-Farma, unrelated to the submitted work. K.M.B. received personal fees from
Krka-Farma, Sandoz, Viatris, and Medtronic, unrelated to the submitted work. All other authors
(J.P., T.-T.C., N.P.Ž., Z.M., and D.D.) declare that they have not received any personal fees or financial
support from pharmaceutical companies or other organizations and report no conflicts of interest
related to the submitted work. The authors further state that they received no support from any
organization for the submitted work, had no other financial relationships with any organizations that
might have an interest in the submitted work in the past three years, and have no other relationships
or activities that could appear to have influenced the submitted work.

Abbreviations
The following abbreviations are used in this manuscript:

CI Confidence interval
DOAC Direct oral anticoagulant
DVT Deep vein thrombosis
ESC European Society of Cardiology

HAS-BLED
Hypertension, abnormal renal/liver function, stroke, bleeding history
or predisposition, labile international normalized ratio, elderly, drugs/alcohol

HR Hazard ratio
IQR Interquartile range
MSCT Multi-slice computed tomography
OR Odds ratio
PE Pulmonary embolism
PERT Pulmonary Embolism Response Teams
PESI Pulmonary Embolism Severity Index
VKA Vitamin K antagonist
VTE Venous thromboembolism
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