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Pesiome

Liens. OnpeaenvTb KAMHWKO-1a60paTOPHble U MHCTPYMEHTa/IbHble NMPeAUKTOPbI 12-MeCAYHON /IeTaNbHOCTN Y MaLMeHTOB, BbINMMCAHHbIX U3 CTaLMO-
Hapa nocsie nepeHeceHHon TpoM603M60MM NérouHol apTepum (TJ1A) 1 paspaboTaTtb NPOrHOCTUYECKYIO MoAenb. MaTepuan u MeToabl. B nccne-
AoBaHve BKAtoYeHbl 150 nNaumeHToB, BbINMCaHHbIX U3 CTauuoHapa nocse anusoga T2/1A. OueHnBanu geMorpaduyeckime, aHaMHeCTUYeCKNe, KANHU-
4eckue, NabopaTopHbIE U 3XOKapANOrpaduIecKme NnokasaTen. 3a KOHEYHYH TOYKY NMPUHMMAN CMepTb OT 060N NPUYMHBI B TedeHWe 12 MecALeB
nocne T2JIA. lns NovcKa He3aBUCHMbIX NPEAVKTOPOB NMPUMEHSANN OAHO- U MHOFOPAKTOPHYIO JIOMMCTUYHECKYIO Perpeccuio, AUCKPYMUHALIMIO MOAEN
oueHusanu no AUC, kanmbpoBky — no kpuTeputo XocMepa—-/lemeluoy u calibration plot; BHyTpeHHIo0 Bannaaumio BeimoiHAMM MeToAoM bootstrap.
PesynbTatbl. 3a nepuog HabaoaeHns ymepan 20 (13,3 %) nauueHToB. B MHOropakTopHyo MoAe b MPOrHO3UPOBaHWA 12-MeCAYHOI NeTabHOCTM
BOL/IN TPY HE3ABMCUMBIX MPEAMKTOPA: YPOBEHb reMor/siobuHa, pacyeTHas CKOpocTb Kay6oukosoi ¢punbTpauumn (pCK®) 1 dpakuus Beibpoca neso-
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ro wenygouka (®B J/1XK). Mogenb nokasana BbICOKYIO AUCKPUMUHALMOHHYIO cnocobHocTb (AUC 0,906; 95 % AN 0,852-0,960; p <0,001) n xopo-
wyto Kannbposky (x’=4,009; p=0,856). Mpu noporoeoM 3HaueHnmn p=0,08 YyBCTBUTENLHOCTL MOAen cocTaemna 100 %, cneumduyHocts — 69,2 %.
MpeanoxeHHan Mogenb (Wwkana Mezo) npoaeMoHcTpupoBana npeuMyuiecteo no AUC no cpaBHeHwmio co wkanamu sPESI, ICOPER, GPS u Yamaki.
3akntoyenue. Lkana Mezo, Bkatovatowas yposeHb remorsiobuta, pCK® n ®B JIXK, obecreunBaeT BbICOKYIO TOYHOCTb MPOrHO3MpOBaHUA 12-Mecsu-
HOW N1eTaNbHOCTM Y MaLUMEeHTOB, BbIMMCAHHBIX U3 CTauMoHapa nocae nepeHeceHHon TIJIA, 1 MOXeET MCMNO/b30BaTbCA NOC/AE NPOBE/AEHNS BHELIHEeN
Ba/IMAM3aLUN ANA PaHHel CTpaTMdUKaLMK pUcKa.

Knrouesbie cnoBa: mpom6osmbonus nézoqHoll apmepuu, npozHOCMUYECKas WKana, 1emanabHoCmp, Ppakyus BbIGPOCa NeBO20 JKeyD04Ka, CKO-
pocmb Kny604KoBoU punbmpayuu, 2eMo2106uH
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Abstract

Objective. To identify clinical, laboratory and instrumental predictors of 12-month mortality in patients after PE and to develop a prognostic model.
Material and methods. This retrospective study included 150 patients discharged after an episode of PE (2021-2024). The diagnosis was confirmed
predominantly by CT pulmonary angiography. Demographic, clinical, laboratory and echocardiographic parameters were assessed. The primary end-
point was death within 12 months after PE (excluding in-hospital and early mortality within 30 days). Univariable and multivariable logistic regression
were used to identify independent predictors. Model discrimination was evaluated using the AUC, and calibration using the Hosmer-Lemeshow test
and a calibration plot; internal validation was performed by bootstrap resampling. Results. During follow-up, 20 patients (13.3 %) died. Three inde-
pendent predictors of 12-month mortality were included in the multivariable model: hemoglobin level, estimated glomerular filtration rate (eGFR)
and left ventricular ejection fraction (LVEF). The model demonstrated high discriminatory ability (AUC 0.906; 95 % CI 0.852-0.960; p <0.001) and
good calibration (x?=4.009; p=0.856). At the probability threshold p=0.08, sensitivity of the model was 100 % and specificity 69.2 %. The Mezo
score showed higher AUC values compared with sPESI, ICOPER, GPS and the Yamaki scores. Conclusion. The Mezo score, based on hemoglobin level,
eGFR and LVEF, provides high accuracy in predicting 12-month mortality in patients after PE and, after external validation, may be used for early risk
stratification.
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Introduction

Pulmonary artery thromboembolia (PATE) remains
one of the leading causes of hospital deaths and plays
a significant role in the structure of cardiovascular dis-
eases [1-3]. Despite advances in diagnostic and thera-
peutic approaches, mortality associated with PATE
remains high, including deaths occurring during the
intermediate- and long-term periods following the
acute event [4, 5].

A key objective of contemporary clinical practice is
the early risk stratification of patients with a history of
PATE, as this enables optimisation of follow-up, deter-
mination of the need for extended anticoagulant therapy,
and prevention of adverse outcomes [6]. Long-term out-
comes remain insufficiently studied [7, 8]. Existing prog-
nostic scores demonstrate limited predictive value for
assessing long-term outcomes after pulmonary embo-
lism. The simplified Pulmonary Embolism Severity Index
(sPESI) is primarily designed to estimate short-term risk
and does not always capture the characteristics of disease
progression in the long-term period [9-11]. The ICOPER
model, which relies mainly on demographic and clinical
variables, does not fully reflect the extent of organ dys-
function [12]. The GPS and Yamaki scores incorporate
composite endpoints, which may reduce the accuracy of
mortality prediction [13, 14].

In this context, the development of novel prognostic
scores capable of estimating the risk of mortality during
the first year of follow-up in patients discharged after an
episode of PATE appears particularly relevant. Such scor-
ing systems may serve as valuable tools for more accurate
prognostication, risk stratification, and the individuali-
sation of outpatient management.

Study objective

To identify clinical, laboratory, and instrumental
predictors and to develop a predicative model for the
12-month mortality in patients discharged from the hos-
pital after an episode of PATE.

Materials and methods

A total of 150 patients discharged after an epi-
sode of PATE between January 1, 2021 and December
30, 2024 were retrospectively included in the study.
Patient identification and selection were performed at
Kolomna Hospital, Outpatient Clinic No. 2 (84 patients),
and Voskresensk Hospital, Outpatient Clinic No. 4
(66 patients).

The study was conducted in accordance with the ethi-
cal standards set forth in the Declaration of Helsinki and
was approved by the Ethics Committee of the Medical
Institute of RUDN University on January 17, 2025. All
patient data were anonymised.

Study population and
identification of outcomes

PATE was diagnosed based on clinical findings and
confirmed by instrumental investigations. In the major-
ity of cases, involving 139 (88.4 %) patients, the diagnosis
was verified by contrast-enhanced multispiral computed
tomography (MSCT) of the chest with visualisation of
the pulmonary artery and its branches. In 11 (11.6 %)
cases, when contrast administration was contraindicated
or MSCT was technically unfeasible, the diagnosis was
confirmed by echocardiographic (echoCG) findings
demonstrating signs of right heart overload and pulmo-
nary hypertension.

All patients received anticoagulant therapy and,
when indicated, thrombolytic treatment during hospi-
talisation in accordance with the current clinical practice
guidelines of the European Society of Cardiology (2019).
Following discharge, the choice of anticoagulant, as well
as the duration and regimen of therapy, were determined
individually based on the assessment of the risks of
recurrent venous thromboembolism and bleeding.

Within the framework of the study, demographic
data, clinical characteristics, and laboratory and instru-
mental parameters were analysed. Demographic and
clinical variables were assessed at the time of hospital
admission. Laboratory and instrumental investiga-
tions were performed during hospitalisation before
discharge.

Twelve months later, patients were contacted to
assess outcomes. Patients were divided into groups
according to the occurrence or absence of all-cause
mortality during the 12-month follow-up period after
hospital discharge.

Statistical analysis

Categorical variables are presented as absolute
values and percentages, whereas quantitative variables
are expressed as either the median and interquartile
range (Me [IQR]) or the mean * standard deviation
(M +£ SD), depending on the distribution of the data.
The normality of quantitative attributes was assessed
using the Kolmogorov-Smirnov test. Comparisons of
quantitative variables between two independent groups
were performed using the Mann-Whitney U test for
non-normally distributed data and Student’s t-test for
normally distributed data. Differences in categorical
variables were analysed using the x> (chi-square) test
or Fisher’s exact test when expected frequencies were
small. Differences were considered statistically signifi-
cant at p < 0.05.

To identify independent factors associated with mor-
tality, univariate logistic regression analysis was per-
formed, with the calculation of odds ratios (ORs) and
95 % confidence intervals (Cls). Variables demonstrating
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statistical significance in the univariate analysis were
subsequently entered into a multivariable binary logis-
tic regression model using a stepwise selection approach.
The performance of the resulting model was evaluated by
assessing its discriminatory ability through ROC analy-
sis, including calculation of AUC, sensitivity, specificity,
and the optimal probability threshold (cut-off) deter-
mined according to the Youden index. Model calibration
was assessed using the Hosmer-Lemeshow goodness-
of-fit test and by graphical comparison of predicted and
observed probabilities (calibration plot).

Internal validation of model stability was performed
using bootstrap analysis with 1,000 resamples, allowing
estimation of standard errors, confidence intervals, and
regression coeflicient bias.

Statistical analyses were conducted using IBM SPSS
Statistics version 23.0 and R version 4.2.0, with the
PROC, rms, ggplot2 packages.

Results

During the follow-up period, 20 patients (13.3 %)
died (Table 1). Recurrent PATE was the cause of death
in 9 cases (45% of all deaths), malignant neoplasms
accounted for 8 deaths (40 %), and the cause of death
remained unknown in 3 patients (15%). In the over-
all cohort, men comprised 44.7 % of patients, with no
significant differences between the groups (p = 1.000).
Patients who died were significantly older than sur-
vivors, with a median age of 68 years vs. 63.5 years,
respectively (p = 0.043). Body mass index tended to be
lower among deceased patients (28.6 vs. 31.7 kg/m?,
p = 0.055).

No significant differences were observed between the
groups with respect to the prevalence of major cardio-
vascular diseases, with the exception of lower-extrem-
ity deep vein thrombosis, which was less common
among patients who died (25.0 % vs. 70.0 %, p < 0.001).

Table 1. Demographic and clinical characteristics of the studied patients

Characteristc morsy | oo | e | etween groups
Male sex, n (%) 67 (44,7 %) 58 (44,6 %) 9 (45,0 %) 1,000
Age (years), Me [IQR] 64,00 [57,00; 71,00] 63,50 [56,00; 70,00] ~ 68,00 [63,00; 75,50] 0,043*
Body mass index (kg/m?), M (SD) 31,27 (+6,83) 31,69 (£6,57) 28,55 (+7,96) 0,055
Coronary artery disease, n (%) 36 (24,0 %) 31 (23,8 %) 5 (25,0 %) 1,000
Arterial hypertension, n (%) 115 (76,7 %) 99 (76,2 %) 16 (80,0 %) 1,000
Lower extremity deep vein thrombosis, n (%) 96 (64,0 %) 91 (70,0 %) 5 (25,0 %) <0,001*
Atrial fibrillation, n (%) 107 (71,3 %) 91 (70,0 %) 16 (80,0 %) 0,402
History of surgical intervention, n (%) 20 (13,3 %) 16 (12,3 %) 4 (20,0%) 0,310
Active cancer, n (%) 43 (28,7 %) 31 (23,8 %) 12 (60,0 %) 0,002*
Chronic heart failure, n (%) 63 (42,0 %) 55 (42,3 %) 8 (40,0 %) 0,846
History of gastric and duodenal ulcer disease, n (%) 17 (11,3 %) 13 (10,0 %) 4 (20,0%) 0,247
Pulmonary infarction, n (%) 21 (14,0 %) 18 (13,8 %) 3 (15,0 %) 1,000
Diabetes mellitus, n (%) 25 (16,7 %) 22 (16,9 %) 3 (15,0 %) 1,000
Lower extremity varicose veins, n (%) 34 (22,7 %) 32 (24,6 %) 2 (10,0 %) 0,249
History of stroke/transient ischemic attack, n (%) 13 (8,7 %) 11 (8,5 %) 2 (10,0 %) 0,685
Chronic non-inflammatory lung diseases, n (%) 25 (16,7 %) 21 (16,2 %) 4(20,0%) 0,812
Kidney disease, n (%) 71 (47,3 %) 60 (46,2 %) 11 (55,0 %) 0,481
Anemia, n (%) 64 (42,7 %) 45 (34,6 %) 19 (95,0 %) <0,001*

Note: * — differences are statistically significant (p < 0.05)

207



208

ORIGINAL ARTICLE

The Russian Archives of Internal Medicine ® Ne 3 e 2026

In contrast, the prevalence of malignant neoplasms was
significantly higher in this group (60.0% vs. 23.8%,
p = 0.002).

Other comorbid conditions, including atrial fibrilla-
tion, diabetes mellitus, peptic ulcer disease, chronic lung
disease, and chronic kidney disease, did not differ signif-
icantly between the groups (p > 0.05). Notably, anaemia

was markedly more prevalent among patients who died:
this condition was present in 95% of deceased patients
compared with 34.6 % of survivors (p < 0.001).

Analysis of laboratory and instrumental test results
obtained during hospitalisation before discharge
revealed several significant differences between survi-
vors and non-survivors (Table 2). Patients who died had

Table 2. Comparison of clinical, laboratory, and instrumental parameters between the study groups.

Characteristic

Total
(n=150)

Survival group

Mortality group (n=20)

p-value

sBP (mmHg), Me [IQR]

dBP (mmHg), Me [IQR]

SPO2 (%), Me [IQR]

White blood cell (x10°/L), Me [IQR]
Platelet (x10°/L), Me [IQR]

Red blood cell (x10°/L), Me [IQR]
Hemoglobin (g/L), Me [IQR]

Urea (mg/dL), Me [IQR]

AST (U/L), Me [IQR]

ALT (U/L), Me [IQR]

Total cholesterol (mmol/L), Me [IQR]
Glucose (mmol/L), Me [IQR]

BNP (pg/mL), Me [IQR]

Creatinine (umol/L), Me [IQR]

eGFR (mL/min/1.73 m?), M (SD)

D-dimer (ug/L), Me [IQR]

INR (IU/mL), Me [IQR]
Fibrinogen (g/L), Me [IQR]
aPTT (s), Me [IQR]
Prothrombin time (s), Me [IQR]
sPAP (mmHg), Me [IQR]

LVEF (%), M (SD)

Main pulmonary artery diameter
(mm), Me [IQR]

130,00 [102,00; 157,00]

80,00 [65,00; 90,00]

91,00 [87,00; 93,00]

8,60 [6,30; 10,30]

244,00 [180,00; 301,00]

4,60 [4,10; 4,90]

123,00 [105,00; 135,50]

7,80 [6,72; 8,67]

25,91 [18,70; 41,30]

29,65 [19,00; 53,10]

5,60 [4,90; 6,50]

6,00 [5,20; 6,84]

375,70 [99,75; 884,00]

102,00 [86,23; 118,73]

52,14 (+14,21)

2358,00
[1164,62; 3265,00]

1,47 [1,085; 1,815]

4,23 [3,87; 5,02

35,40 [30,12; 41,50]

14,80 [13,50; 15,80]

40,00 [28,75; 50,00]

54,54 (£9,23)

31,00 [30,00; 34,00]

(n=130) (between groups)
131,00 [110,00; 159,00] 110,00 [89,00; 146,25] 0,025*
80,00 [70,00; 90,00] 60,50 [51,50; 80,50] 0,007*
92,00 [87,00; 94,00] 88,00 [84,75; 90,50] 0,005*
8,50 [6,50; 10,10] 9,50 [4,65; 10,90] 0,643
250,00 [187,00; 323,75] 180,00 [133,00; 227,00] <0,001*
4,60 [4,21; 4,90] 3,90 [3,58; 4,95] 0,053
125,00 [112,00; 136,00] 102,00 [89,60; 109,50] <0,001*
7,55 [6,62; 8,50] 8,75 [8,18; 10,20] 0,001*
25,50 [18,30; 38,00] 48,35 [25,25; 98,22] 0,002*
26,00 [18,52; 45,95] 57,65 [36,15; 104,45] <0,001*
5,37 [4,86; 6,40] 6,50 [5,55; 7,35] 0,018*
5,85 [5,18; 6,80] 6,40 [5,70; 8,85] 0,043*
367,00 [85,59; 854,00] 501,00 [248,10; 1069,00] 0,193
99,00 [85,80; 112,00] 124,00 [104,00; 137,50] <0,001*
53,99 (+13,48) 40,08 (£13,22) <0,001*
2276,00 3261,50 0.149
[1027,75; 3254,00] [1370,50; 3630,75] ’
1,37 [1,08; 1,67] 1,76 [1,58; 1,85] 0,003*
4,23 [3,85; 4,89] 4,19 [3,99; 5,23] 0,648
35,70 [29,88; 41,50] 34,30 [30,40; 40,27] 0,951
14,80 [13,50; 15,80] 14,80 [13,57; 15,20] 0,614
38,00 [28,00; 48,00] 52,50 [40,00; 60,00] <0,001*
55,79 (£9,02) 46,40 (£5,88) <0,001*
31,00 [30,00; 34,00] 34,50 [31,00; 35,75] 0,003*

Note: * — differences are statistically significant (p < 0.05).
Abbreviations: sBP — systolic blood pressure; dBP — diastolic blood pressure; SpO, — peripheral oxygen saturation; AST — aspartate aminotransferase; ALT — alanine
aminotransferase; BNP — B-type natriuretic peptide; eGFR — estimated glomerular filtration rate; INR — international normalized ratio; aPTT — activated partial thromboplastin
time; SPAP — systolic pulmonary artery pressure; LVEF — left ventricular ejection fraction; Me — median; IQR — interquartile range; M — mean; SD — standard deviation.
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lower haemoglobin levels (102 vs. 125 g/L, p < 0.001)
and lower platelet counts (median 180 x 10°/L vs. 250 x
10°/L in survivors; p < 0.001). No significant differences
were observed between the groups with respect to other
peripheral blood parameters.

Among haemostatic parameters, a significant dif-
ference was observed in the international normalised
ratio (INR), which was higher in patients who died
(p=0.003), whereas no differences were found in fibrino-
gen levels, aPTT, or prothrombin time (p > 0.6). D-dimer
levels tended to be higher in the mortality group; how-
ever, this difference did not reach statistical significance
(p =0.149).

Among biochemical parameters, the most pro-
nounced differences were noted in markers of renal
and hepatic function. Patients who died had a lower
eGFR (40 vs. 54 mL/min/1.73 m?, p < 0.001) and higher
levels of urea (p = 0.001) and creatinine (p < 0.001). The
activities of hepatic transaminases (AST and ALT) were
also higher in the non-survivor group (p = 0.002 and
p < 0.001, respectively), as were markers of lipid and
carbohydrate metabolism, including total cholesterol
and glucose levels (p = 0.018 and p = 0.043, respec-
tively).

Among the haemodynamic parameters, lower blood
pressure levels (both systolic and diastolic; p = 0.025 and
p = 0.007, respectively) and lower oxygen saturation
(p = 0.005) were observed in the mortality group.

Echocardiographic assessment demonstrated that
patients who died had significantly higher systolic pul-
monary artery pressure (sPAP; p < 0.001), a larger pul-
monary trunk diameter (p = 0.003), and a lower left ven-
tricular ejection fraction (46.4+5.9% vs. 55.849.0% in
survivors; p < 0.001).

Overall, non-survivors were characterised by signs of
multiorgan involvement, including reduced haemoglo-
bin levels, impaired hepatic and renal function, hypox-
emia, and pronounced haemodynamic disturbances.

Analysis of laboratory and instrumental test results
obtained during hospitalisation before discharge

revealed several significant differences between survi-
vors and non-survivors (Table 2). Patients who died had
lower haemoglobin levels (102 vs. 125 g/L, p < 0.001)
and lower platelet counts (median 180 x 10°/L vs. 250 x
10°/L in survivors; p < 0.001). No significant differences
were observed between the groups with respect to other
peripheral blood parameters.

Among haemostatic parameters, a significant dif-
ference was observed in the international normalised
ratio (INR), which was higher in patients who died
(p=0.003), whereas no differences were found in fibrino-
gen levels, aPTT, or prothrombin time (p > 0.6). D-dimer
levels tended to be higher in the mortality group; how-
ever, this difference did not reach statistical significance
(p = 0.149).

Among biochemical parameters, the most pro-
nounced differences were noted in markers of renal
and hepatic function. Patients who died had a lower
eGFR (40 vs. 54 mL/min/1.73 m? p < 0.001) and
higher levels of urea (p = 0.001) and creatinine
(p < 0.001). The activities of hepatic transaminases
(AST and ALT) were also higher in the non-survivor
group (p = 0.002 and p < 0.001, respectively), as were
markers of lipid and carbohydrate metabolism, includ-
ing total cholesterol and glucose levels (p = 0.018 and
p = 0.043, respectively).

Among the haemodynamic parameters, lower blood
pressure levels (both systolic and diastolic; p = 0.025 and
p = 0.007, respectively) and lower oxygen saturation
(p = 0.005) were observed in the mortality group.

Echocardiographic assessment demonstrated that
patients who died had significantly higher systolic pul-
monary artery pressure (sPAP; p < 0.001), a larger pul-
monary trunk diameter (p = 0.003), and a lower left ven-
tricular ejection fraction (46.4%5.9% vs. 55.8+9.0 % in
survivors; p < 0.001).

Overall, non-survivors were characterised by signs of
multiorgan involvement, including reduced haemoglo-
bin levels, impaired hepatic and renal function, hypox-
emia, and pronounced haemodynamic disturbances.

Table 3. Results of univariate and multivariate logistic regression analysis of factors associated

with 12-month mortality

Univariate analysis

Multivariate analysis

Predictors
OR 95% CI p-value OR 95% CI p-value
Presence of malignancy 4,790 [1,795-12,781] 0,002* -— -—
eGFR (mL/min/1.73 m?) 0,910 [0,867-0,956] <0,001* 0,935 [0,884-0,989] 0,019*
Hemoglobin (g/L) 0,948; [0,922-0,974] <0,001* 0,956 [0,928-0,985] 0,003*
LVEF (%) 0,886 [0,832-0,942] <0,001* 0,884 [0,819-0,953] 0,001*

Note: * — indicates a statistically significant effect of the predictor (p < 0.05)

Abbreviations: eGFR — estimated glomerular filtration rate; LVEF — left ventricular ejection fraction.

209



210

ORIGINAL ARTICLE

The Russian Archives of Internal Medicine ® Ne 3 e 2026

Lower haemoglobin levels were associated with an
increased probability of death (OR 0.956; 95 % CI 0.928-
0.985; p = 0.003). Similarly, reduced LVEF was associ-
ated with a higher risk of mortality (OR 0.884; 95% CI
0.819-0.953; p = 0.001), whereas a decrease in eGFR was
associated with a 6 % increase in mortality risk for each
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Figure 1. ROC curve demonstrating the discriminative
ability of the regression model in predicting mortality
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Figure 2. Calibration plot of the mortality prediction
model

1 mL/min/1.73 m? reduction (OR 0.935; 95% CI 0.884—
0.989; p = 0.019).

To quantify the predictive performance of the model,
the area under ROC curve was calculated. The AUC was
0.906 (95 % CI 0.852-0.960; p < 0.001), indicating excel-
lent discriminative ability for distinguishing between
patients with favourable and unfavourable outcomes
(Figure 1). The Hosmer-Lemeshow goodness-of-fit
test (x> = 4.009; p = 0.856) confirmed good agreement
between predicted and observed probabilities, demon-
strating adequate model calibration.

Visual inspection of the calibration plot (Figure 2)
demonstrated some deviation of the empirical curve
from the line of identity at low predicted probabilities,
whereas good agreement was observed at intermediate
and high probability values.

ROC curve analysis was used to evaluate the sensi-
tivity and specificity characteristics of the model and
to determine the optimal probability threshold (cut-
off = 0.08). At this threshold, the developed model,
designated the Mezo score, provided the best balance
between true-positive and true-negative classifica-
tions (Table 4). The model demonstrated a sensitivity
of 100 % and a specificity of 69.2 %, indicating its abil-
ity to reliably identify patients at high risk of mortality
while maintaining a relatively low rate of false-positive
predictions.

Internal validation of the model using bootstrap resa-
mpling (1,000 samples) demonstrated minimal coeffi-
cient bias (|bias| < 0.02) for haemoglobin level, eGFR,
and left ventricular ejection fraction, indicating a high
degree of model stability and the absence of evidence of
overfitting.

The logistic regression equation is as follows:

logit(P)=12,648 - 0,045 x Hb-0,067 x eGFR -
-0,124x LVEF

where P denotes the probability of mortality, Hb is the
haemoglobin level (g/L), eGFR is the estimated glomeru-
lar filtration rate (mL/min/1.73 m?), and LVEF is the left
ventricular ejection fraction (%).
For practical application, the probability of mortality
was calculated using the following formula:
1

= 1 + e~ (12:648-0,045x Hb 0,067 x pCK® - 0,124 x DBJDK)

Table 4. Distribution of clinical outcomes according to risk group

Risk group Total number of patients Number of deaths X p-value
Low risk (<0.08) 90
34,615 <0,001*
High risk (=0.08) 60 20

Note: * — differences are statistically significant (p < 0.05)




Apxub BHyTpeHHei MepAnunHbl ® Ne 3 o 2026

OPUTMHAABHBIE CTATHU

The negative coeflicients for haemoglobin, eGFR, and
LVEF indicate that lower values of these parameters are
associated with an increased probability of mortality.

Based on this equation, an online calculator was
developed and is available at the following link:
https://htmlpreview.github.io/?https://gist.githubuser-
content.com/musal99692/40b282f3306bb9dee5cb05¢
b852ebadd/raw/93a1b570ect7d7101b7e423e39a0e9725
7¢d2930/mezo-calculator.html.

When compared with several established prognostic
scores, including the sPESI [15], ICOPER [16], GPS [17],
and Yamaki [18] scores, the Mezo score demonstrated
superior discriminative performance and overall predic-
tive accuracy (Figure 3).

Discussion

The prognostic model developed in the present study,
based on haemoglobin level, estimated glomerular fil-
tration rate, and left ventricular ejection fraction, dem-
onstrated high accuracy in predicting mortality among
patients discharged after an episode of PATE. The model
exhibited excellent discriminative ability and satisfactory
calibration, indicating its robustness and potential clini-
cal utility for individualised risk assessment.

All patients after an acute episode of PATE should
receive anticoagulant therapy for at least three months.
The duration of further treatment depends on the bal-
ance between the risks of recurrence and bleeding [15,
16]. In patients with active malignancy and no increased
bleeding risk, continuation of direct oral anticoagulant
(DOAC) therapy is recommended for as long as the
malignancy remains active and throughout the course of
anticancer treatment [17]. The Mezo score may serve as
a tool for early risk stratification and support decision-
making regarding extended anticoagulant therapy in the
early period after hospital discharge.

The lower prognostic performance of the sPESI,
ICOPER, GPS, and Yamaki scores observed in our study
is likely attributable to their original design, which
focused primarily on predicting short-term outcomes or
composite endpoints, as well as to their limited consid-
eration of the extent of organ dysfunction. In contrast,
the Mezo score incorporates quantitative parameters
reflecting systemic impairment. This approach enables
more accurate identification of patients at high risk of
mortality and may explain the superior discriminative
performance of the model.

Despite its high predictive accuracy and excellent dis-
criminative performance, the proposed prognostic score
has several limitations.

First, the model has not undergone formal exter-
nal validation in an independent cohort, which limits
the generalisability of its application to other patient
populations.
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Figure 3. Comparison of ROC curves of prognostic
models

Second, the analysis was performed on a relatively
small sample size (n = 150), which increases the risk
of overfitting and may reduce the stability of the model
coefficients. In addition, the model was derived from ret-
rospective data; therefore, the influence of unmeasured
confounders and selection bias cannot be excluded.

Third, the model incorporated only a limited number
of clinical and laboratory variables. The inclusion of
additional parameters could potentially improve its
predictive performance; however, this would require a
larger sample size to maintain the statistical reliability
and stability of the prognostic model.

Finally, the lack of statistical significance of malig-
nancy in the multivariable analysis is likely attributable
to the relatively small sample size and the limited dura-
tion of follow-up. Nevertheless, an indirect effect of the
oncological process on prognosis, mediated through the
systemic disturbances captured by the variables included
in the final model, cannot be excluded.

The findings of the present study highlight several
directions for future research. A stratified analysis of
patients with cancer-associated pulmonary embolism
and those without malignancy in a larger cohort appears
particularly promising, as it may provide further insight
into the contribution of the underlying malignancy and
anticancer therapy to long-term outcomes. In addition,
prospective multicentre studies aimed at validating the
proposed prognostic model are warranted to assess its
reproducibility and clinical utility across different patient
populations.

Conclusion

The risk score developed in the present study for pre-
dicting long-term mortality in patients with a history of
PATE is based on readily available clinical parameters
and may be used for risk stratification and individualised
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outcome prediction. However, despite its excellent dis-
criminative performance and satisfactory calibration,
the model requires further external validation in inde-
pendent cohorts, as well as prospective studies to con-
firm its prognostic value and applicability in routine
clinical practice.
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