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each year, with almost a 1-year mortality rate 
of almost 15%. Elderly individuals constitute a 
unique population of patients, accounting for ap-
proximately 41% of all APE patients aged above 
65 years.2 Our previous studies indicated that the 

Introduction  Acute pulmonary embolism 
(APE) is the most serious presentation of ve-
nous thromboembolism (VTE).1 VTE is the third 
most common cause of death worldwide.1 APE oc-
curs globally in 600 000 to 1 million individuals 
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Abstract

Introduction  Acute pulmonary embolism (APE) is the most serious manifestation of venous throm-
boembolism. The simplified Pulmonary Embolism Severity Index (sPESI) is employed for prediction of 
30-day mortality in APE. The Vulnerable Elders Survey (VES-13) is used to identify participants at a risk 
of health impairment.
Objectives  We aimed to compare the VES-13 and sPESI scales for prediction of 3-month mortality in 
elderly patients hospitalized for APE.
Patients and methods  All patients with APE were managed according to the European Society of 
Cardiology (ESC) guidelines and followed up for at least 3 months after discharge. Clinical evaluation of all 
patients involved the Charlson Comorbidity Index (CCI) and biochemical tests. The patients with VES-13 
score equal to or above 3 (VES-13≥3) were evaluated with comprehensive geriatric assessment (CGA).
Results  A total of 164 patients met the inclusion criteria. There were significantly fewer men in the 
VES-13≥3 than the VES-13<3 group (34% vs 54.5%; P <0.01). The patients in the VES-13≥3 group 
had lower median (interquartile range [IQR]) body mass index and higher sPESI score than those in the 
VES-13<3 group (25.6 [21.8–28.4] kg/m2 vs 28 [25.3–31] kg/m2; P = 0.001 and 2 [1–2] points vs 1 
[0–1] point; P <0.001, respectively). There were no differences in APE severity according to the ESC 
stratification and CCI. Logistic regression analysis identified the VES-13 score as a significant indepen-
dent risk factor for 3-month mortality.
Conclusions  The VES-13 score is a better tool than sPESI for predicting 3-month mortality. Geriatric 
survivors of APE characterized with VES-13≥3 points should be closely monitored after discharge. The 
Norton Scale Score in a combination with the VES-13 may be useful in predicting 3-month mortality 
among numerous tests used in the CGA.
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of older persons at a risk of health deterioration.14 
The VES-13 scale is primarily used in outpatient 
clinics; however, its utility has also been prov-
en in hospital settings.15 The main advantage of 
the VES-13 scale is its ability to predict mortali-
ty, health service utilization, functional deterio-
ration, and complications for community-dwell-
ing older people.16 The VES-13 questionnaire in-
cludes questions about age, self-related health, 
physical activity, and activities of daily living. 
In addition to easy administration by nonphysi-
cians, a considerable benefit of using the VES-13 
score is the possibility of applying it in different 
settings. Scoring 3 or more points on the VES-13 
scale is associated with a higher risk of mortality 
and functional impairment.17

VES-13 is a tool mostly used for the function-
al assessment of patients. An important aspect 
of using VES-13 is to take into consideration the 
age of the patient and their health self-assess-
ment. To explore the status of older patients, 
the comprehensive geriatric assessment (CGA) 
might be used. CGA is a multidimensional bat-
tery of validated tests used to evaluate psycho-
logical, functional, social, and medical limita-
tions in older populations.18 The main aim of 
the CGA is to detect the most vulnerable elder-
ly individuals and plan and coordinate the most 
suitable interventions.19 In oncology, CGA is a 
valuable tool for decision-making processes and 
cancer treatment.20,21 CGA might be useful for 
mortality prediction in patients with demen-
tia and acute myocardial infarction.22 CGA data 
represent information that is not routinely ac-
quired during standard clinical judgment. Com-
plex assessment of geriatric patients might fa-
cilitate recognition of frailty in this population. 
Frailty syndrome is a known risk factor of mor-
tality in APE.23

Among patients with APE, the most popu-
lar scale for predicting early 30-day mortality is 
the simplified Pulmonary Embolism Score Index 
(sPESI). The sPESI is a clinical scale widely used to 
assess 1-month mortality risk, which effectively 
discriminates against patients with a low risk of 
mortality during APE episodes.24 It is composed 
of 6 equivalent variables: the presence of cancer, 
chronic heart failure, chronic pulmonary disease, 
systolic blood pressure below 100 mm Hg, arte-
rial oxyhemoglobin saturation below 90%, and 
age over 80 years. However, it can be postulat-
ed that the population of patients aged 60–79 
years was not sufficiently represented during 
development of the scale. Moreover, the sPESI 
does not include motor skills, psychological and 
social status evaluations, and cognitive function 
assessment.

The extent of vulnerability in patients with car-
diovascular disease (CVD) is poorly characterized. 
There are limited data regarding mortality predic-
tion in the elderly population with APE. This nov-
el study assessed the utility of the VES-13 scale in 
predicting 3-month mortality in elderly patients 
hospitalized for APE, and analyzed which of the 

mean age of patients with APE is 64 years.3 In the 
Western world, aging is a major problem for pub-
lic health systems. Based on data obtained from 
the World Health Organization (WHO), the num-
ber of people aged 65 years and older is expect-
ed to reach 2 billion by 2050.4 According to data 
from the Statistics Poland, by 2040, individuals 
aged 80 years and older will constitute almost 
36% of all elderly individuals above 65 years of 
age.5 This demographic trend provides a better 
understanding of the geriatric population and a 
patient-centered approach that requires social, 
psychological, environmental, and functional 
status evaluations.

Elderly individuals are usually characterized 
by numerous comorbidities and frequently atyp-
ical clinical manifestations of acute cardiovascu-
lar conditions that require comprehensive diag-
nostics. Additionally, they present physical dis-
abilities and poor pharmacologic compliance, 
which may directly contribute to increasing costs 
of treatment.6,7 Hospitalization due to acute car-
diovascular events, such as PE, is a severe stress-
or that may lead to functional impairment dur-
ing hospitalization and after discharge.8,9 Func-
tional status is commonly defined as the ability 
to perform routine daily activities without ex-
cessive effort, safely, and independently. There 
are several risk factors for functional decline, 
such as multimorbidity,10 low level of physical 
activity and social contacts,10 reduction in mus-
cle mass and strength,11 abnormal body mass in-
dex (BMI), depressive disorders, cognitive im-
pairment,12 injuries, and falls.13 Functional sta-
tus is a valuable indicator of general health and 
an important determinant of the quality of life. 
Precise and validated clinical tools are required 
to better identify high-risk patients and predict 
a risk of mortality.

The Vulnerable Elders Survey-13 (VES-13) is a 
simple tool for dynamic screening of community-
dwelling populations, which enables identification 

What’s new?

Acute pulmonary embolism (APE) is one of the leading causes of death 
globally. Increasing prevalence of acute disorders, as well as aging of societ-
ies constitute the main reasons for elderly people being a dominant group 
hospitalized in internal medicine departments. Elderly patients form a special 
population and are characterized by more comorbidities and functional impair-
ments than the general population. Therefore, a comprehensive assessment 
based not only on disease severity evaluation, but also on psychological, 
environmental, social, and functional status is needed. The Vulnerable Elders 
Survey-13 (VES-13) is an easy and compact questionnaire that identifies 
populations at a higher risk of functional deterioration. Our study is the first 
to demonstrate that patients older than 60 years with APE, characterized by 
a higher VES-13 score are at a higher risk of 3-month mortality. The VES-13 
may be a better predictive tool than the simplified Pulmonary Embolism 
Score Index in the elderly population. Moreover, subsequent assessment 
using the Norton Scale Score improved risk stratification at the 3-month 
postdischarge mortality prediction.
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The patients with VES-13≥3 points were eval-
uated with the CGA. The interpretation of the 
VES-13 scale is as follows: 0–5 points means that a 
patient does not require any geriatric care, where-
as 6 points indicate that the patient needs spe-
cialist geriatric support. We used a standard of 3 
points as an indication for CGA, as per the NFZ 
guidelines.19,28

Thus, the patients with VES-13≥3 points under-
went a detailed assessment, including the Mini-
-Mental State Examination (MMSE), the Clock 
Drawing Test (CDT), the Activities of Daily Liv-
ing (ADL) test, the instrumental Activities of Dai-
ly Living (iADL) test, the Barthel scale, the Geriat-
ric Depression Scale (GDS), and the Norton Scale 
Score (NSS). Each test was performed by a geriatri-
cian and validated by another independent geria-
trician to limit intra- and interobserver variability.

A detailed questionnaire was used to obtain 
the medical history, current health, socioeco-
nomic, and demographic status, and lifestyle 
habits of all the study participants. The study 
flowchart for all evaluated patients is present-
ed in Figure 1.

The exclusion criteria included dementia, a 
MMSE score below 21 points, total deafness 
and / or blindness, chronic thromboembol-
ic pulmonary hypertension, and a lack of con-
sent to participate in the study. According to the 
POL-SENIOR study,29 we excluded participants 
with MMSE score below 21 points to reduce the 
percentage of patients who could not fully com-
prehend the content of the GDS questionnaire, 
and to avoid inclusion of participants with a re-
duced ability to give informed consent to par-
ticipate in the study. The clinical and primary 
end point of the study was defined as mortali-
ty at 3 months after hospital discharge. All pro-
cedures were performed in accordance with the 
ethical standards of the Institutional Research 
Committee (KB 88/2008) and the 1964 Declara-
tion of Helsinki.

numerous tests used in CGA is the most power-
ful in postdischarge mortality prediction.

Patients and methods  Study design and pop-
ulation  This was a single-center analysis of all 
consecutive patients diagnosed with APE in a ref-
erence department. All patients met the follow-
ing inclusion criteria: first episode of APE with 
symptom onset not earlier than 14 days before 
and confirmation of PE (at least at the level of 1 
segmental pulmonary artery) on computed to-
mography pulmonary angiography. The patients 
were managed according to the current Euro-
pean Society of Cardiology (ESC) guidelines for 
APE diagnosis and management.1 Physical ex-
aminations, including blood pressure and heart 
rate monitoring, were performed on hospital ad-
mission and repeated every day. Additionally, bio-
chemical tests were performed on admission and 
repeated within a few days.

All participants were evaluated in a structured 
manner. A detailed history of major cardiovas-
cular risk factors and characteristics of pharma-
cologic treatment were obtained. Multimorbidi-
ty was quantified using the Charlson Comorbid-
ity Index (CCI).25

The VES-13 score was assessed on the last day 
of hospital stay before discharge. The VES-13 is 
a compact questionnaire containing 13 questions 
regarding self-rated health, age, functional dis-
abilities, and limitations of physical functioning. 
The questionnaire enables a detailed identifica-
tion of vulnerability among the elderly individ-
uals. The maximum score is 10 points; the high-
er the score, the higher the risk of geriatric prob-
lem recurrence.16,26 In Poland, the National Health 
Fund (Narodowy Fundusz Zdrowia [NFZ]) financ-
es the CGA in patients with VES-13 score equal 
to or above 3 points.27 We first decided to com-
pare the patients at a risk of vulnerability (with 
VES-13 score ≥3 points) with those characterized 
by VES-13 score below 3 points.

Figure 1  Flowchart 
presenting the study 
design 
Abbrevations: CGA, 
Comprehensive Geriatric 
Assessment; VES-13, 
Vulnerable Elders 
Survey-13

164 patients

136 patients in 3-month follow-up mortality evaluation

CGA(+)CGA(–)

VES <3 points
n = 88

VES �3 points
n = 76

Clinical evaluation
Basic biochemical parameters
VES-13 evaluation
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above 6 points was regarded as probable devel-
opment of depressive symptoms and a need for 
a more detailed diagnosis.29

Norton Scale Score  NSS calculates the bedside 
risk of developing pressure ulcers. The NSS is a 
compact scoring system that evaluates the mental 
status, activity levels, physical condition, inconti-
nence, and mobility. For each domain, a minimum 
of 1 and a maximum of 4 points can be given, with 
a final score ranging from 5 to 20 points.35 A score 
equal to or below 14 points indicates a higher risk 
of pressure ulcer development.

Statistical analysis  Normality of the variable dis-
tribution was evaluated using the Shapiro–Wilk 
test. Continuous variables with normal distribu-
tion are shown as means and SD. Parameters with 
non-normal distribution are expressed as medi-
ans and interquartile ranges (IQRs). Continuous 
variables with normal distribution were compared 
with the t test for independent variables (assuming 
equality of variances). Continuous variables with 
non-normal distribution were analyzed using the 
Mann–Whitney test. Categorical variables were 
compared using the χ2 test. To determine the cut-
off values for the VES-13 and sPESI tests for pre-
dicting 3-month mortality, a receiver operating 
characteristic (ROC) curve was constructed. The 
cutoff value was determined as the point with the 
highest sum of specificity and sensitivity. We used 
a stepwise backward logistic regression model to 
assess the independent risk factors for 3-month 
mortality, with selected variables that were signif-
icant in the univariable analysis included in the 
regression model. Classification and Regression 
Trees (CARTs) were used to determine the cut-
off value for the NSS test for predicting 3-month 
mortality. The level of significance was defined as 
P value below 0.05. All analyses were performed 
using STATISTICA package version 11 (StatSoft 
Inc., Tulsa, Oklahoma, United States).

Results  As the CGA is only performed in pa-
tients with VES-13≥3, we decided to first ana-
lyze the differences between the patients with 
VES-13≥3 and VES-13<3 scores.

In this study, a total of 164 patients with APE 
were enrolled; 76 patients with VES-13≥3 points 
and 88 individuals with VES-13<3 points. The me-
dian (IQR) age in the VES-13≥3 group was high-
er than that of the VES-13<3 group (83 [74–87] 
vs 73 [66–74] years; P <0.001). There was a low-
er percentage of men in the VES-13≥3 vs the 
VES-13<3 group (34% vs 54.5%; P = 0.009). The 
VES-13≥3 group included also more patients with 
numerous comorbidities and higher median (IQR) 
scores of the CCI (3 [2–5] vs 2.5 [1.5–4]; P = 0.35); 
however, there was no significant difference in 
the comorbidity rate (Table 1).

There was no significant difference between 
the groups in APE clinical severity and course 
according to the ESC guidelines (Table 1); how-
ever, the patients in the VES-13≥3 group were 

Comprehensive geriatric assessment C ognitive 
function  Cognitive function was assessed us-
ing the MMSE, which is commonly used in dai-
ly clinical practice to evaluate orientation, im-
mediate memory, attention and calculation, de-
layed verbal recall, language, and constructional 
praxis. The maximum score is 30 points, and the 
score below 24 is considered indicative of demen-
tia.30 CDT was performed in a comfortable and 
quiet room without distractors. The task of the 
test is to draw a clock indicating 10 minutes to 2 
o’clock. It is assessed with the Shulman 5-point 
scale, where 5 points indicate a perfect clock, 4 
points are given for minor visuospatial errors, 3 
points for inaccurate representation of 10 min-
utes to 2 o’clock when the visuospatial organi-
zation is well done, 2 points for moderate visuo-
spatial disorganization of numbers so that accu-
rate denotation of 10 minutes to 2 o’clock is im-
possible, 1 point for severe visuospatial disorga-
nization, and 0 points for inability to create any 
reasonable representation of a clock.31 The cut-
off score for considering a drawing as abnormal 
according to the Shulman system was any score 
below 4 points.

Functional assessment  The ADL test is a tool used 
to determine self-reported dependence / inde-
pendence and skills crucial for basic living activi-
ties, with questions regarding dressing, bathing, 
transfer, feeding, toileting, and continence.32 The 
maximum possible score is 6 points. A score of 
5–6 points means full functionality, 3–4 points 
indicate moderate functional impairment, and 
0–2 points severe functional impairment.19,28 
Cutoff values below 5 points were considered 
abnormal.

The iADL test measures the ability to live in-
dependently in a community and estimates de-
pendence and independence on housekeeping, 
laundry, shopping, using a telephone, trans-
portation, meal preparation, managing med-
ication, and managing finances.33 The maxi-
mum score is 8 points, with lower values de-
noting dependency.

The Barthel scale was used to assess the ability 
to perform daily activities. The maximum score is 
100 points; the higher the score, the more skillful 
a patient is at completing daily living activities. 
Normal values range between 95 and 100 points, 
moderate functional impairment is diagnosed at a 
score of 75–95 points, serious functional impair-
ment at 25–45 points, and severe functional im-
pairment at 0–20 points.34 In Poland, 40 points 
are a cutoff for the NFZ to provide nursing and 
care services.

Assessment of emotions and mood  Emotions and 
mood were assessed using the GDS. This study 
used a 15-item version of the test. The GDS is a 
useful depression screening tool for determining 
the intensity of depressive symptoms, character-
ized by high sensitivity and specificity in different 
populations of elderly people. A score equal to or 
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Biochemical characteristics and inflammatory mark-
ers  After comparing the VES-13 scores, we an-
alyzed the patients from both groups in terms 
of biochemical parameters. The patients with 
VES-13≥3 score were characterized by higher 
plasma levels of N‑terminal pro–B‑type natri-
uretic peptide (NT-proBNP) and urea and lower 

characterized by higher median (IQR) sPESI score 
than those in the VES-13<3 group (2 [1–2] vs 1 
[0–1]; P <0.001). We observed no significant dif-
ferences in the pharmacologic treatment except 
for loop diuretic prescription, which was signif-
icantly more common in the VES-13≥3 than in 
the VES-13<3 group (Table 1).

TABLE 1  Characteristics of patients with Vulnerable Elders Survey-13 score equal to or above 3 and below 3 points

Parameters VES-13 ≥3 (n = 76) VES-13 <3 (n = 88) P value

Age, y 83 (74–87) 70 (66–74) <0.001

Men, n (%) 26 (34.2) 48 (54.5) 0.009

BMI, kg/m2 25.6 (21.8–28.4) 28 (25.3–31) 0.001

CCI, points 3 (2–5) 2.5 (1.5–4) 0.35

Clinical course of APE

Low risk of APE, n (%) 12 (15.8) 21 (23.9) 0.2

Intermediate-low risk of APE, n (%) 27 (35.5) 28 (31.8) 0.62

Intermediate-high risk of APE, n (%) 36 (47.4) 33 (37.5) 0.2

High risk of APE, n (%) 2 (2.6) 7 (7.95) 0.14

RV/LV ratio >1, n (%) 28 (36.8) 26 (29.5) 0.32

sPESI, points 2 (1–2) 1 (0–1) <0.001

Biochemical parameters

Sodium, mmol/l 140 (137–143) 139 (137.5–142) 0.57

Potassium, mmol/l 4.3 (0.5) 4.3 (0.4) 0.7

Urea, mg/dl 45.9 (33.6–70.3) 33.1 (26.5–39.7) <0.001

GFR, ml/min/1.73 m2 69.5 (49.8–85.4) 86.9 (69.2–95) <0.001

Characteristics of cardiovascular risk

Total cholesterol, mmol/l 154.3 (44.8) 163.8 (44.4) 0.23

NT-proBNP, pg/ml 1403 (390–4085) 609 (201–2096) 0.01

Troponin, ng/l 32 (15–60) 29 (12–73) 0.53

D-Dimer, µg/l 4051 (1658–14 311) 5331 (2385–14 485) 0.11

Inflammatory markers and platelets

WBC, ×103/µl 9.3 (6.3–12) 7.7 (6.4–9.6) 0.07

CRP, mg/l 11.9 (2.3–41) 15.5 (4.7–50.1) 0.34

Procalcitonin, ng/ml 0.13 (0.1–0.3) 0.08 (0.06–0.14) <0.001

NLR 5.9 (3–8.2) 3 (2.1–5.5) <0.001

Medications

ACEI, n (%) 37 (48.7) 37 (42) 0.39

ARB, n (%) 7 (9.2) 16 (18.2) 0.09

β-Blockers, n (%) 50 (65.8) 52 (59) 0.38

MR blockers, n (%) 8 (10.5) 3 (3.4) 0.07

Calcium channel blockers, n (%) 19 (25) 14 (15.9) 0.15

Diuretics, n (%) 47 (61.8) 34 (38.6) 0.003

Statins, n (%) 37 (48.7) 38 (43.2) 0.48

Low-molecular-weight heparin, n (%) 19 (25) 23 (26.1) 0.87

Vitamin K antagonist, n (%) 3 (3.9) 2 (2.3) 0.53

NOAC, n (%) 53 (69.7) 65 (73.9) 0.56

Continuous variables are shown as mean (SD) or median (interquartile range).

SI conversion factors: to convert urea to mmol/l, divide by 6; NT-proBNP to ng/l, multiply by 1; troponin to µg/l, 
multiply by 0.001; procalcitonin to µg/l, multiply by 1.

Abbreviations: ACEI, angiotensin-converting enzyme inhibitor; APE, acute pulmonary embolism; ARB, angiotensin II 
receptor blocker; BMI, body mass index; CCI, Charlson Comorbidity Index; CRP, C-reactive protein; GFR, glomerular 
filtration rate; LV, left ventricle; MR, mineralocorticoid receptor; NOAC, non–vitamin K antagonist; NLR, neutrophil-to- 
-lymphocyte ratio; NT-proBNP, N‑terminal pro–B‑type natriuretic peptide; RV, right ventricle; sPESI, simplified 
Pulmonary Embolism Score Index; WBC, white blood cells; others, see figure 1 
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performed (Table 2). The patients who died with-
in the 3-month period had lower median MMSE 
score than the survivors (24.5 [23–27] vs 27 
[25–28] points; P = 0.002) (Table 2). Despite a 
close association between the MMSE and CDT 
tests described in the literature, we did not ob-
serve any differences in the CDT scores. How-
ever, the subgroup of patients who died after 
3-months presented with functional impairment 
measured by the ADL and iADL scales (Table 3). 
Furthermore, the APE geriatric subpopulation 
at a higher risk of death within 3 months after 
hospital discharge was characterized by a higher 
median risk of pressure sore development, eval-
uated using the NSS, as compared with the sur-
vivors (12.5 [9–15] vs 17 [16–19]; P <0.001). As 
the Barthel scale is widely used to assess the abil-
ity to perform daily activities, we evaluated it in 
the patients with VES-13≥3 points. Almost 32% 
of them scored 40 or less than 40 points on the 
Barthel scale, which indicated a need for nursing 
and care services funded by the NFZ. There were 
no significant differences in terms of emotion and 
mood assessment measured by the GDS (Table 3).

Receiver operating characteristic curve for 3-month 
mortality  ROC curves for predicting 3-month 
mortality were constructed using the VES-13 and 
sPESI scales (Figure 2a and 2B). The cutoff value for 
predicting 3-month mortality with the VES-13 
scale was set at 8 points, with an area under 
the curve (AUC) of 0.88 (95% CI, 0.789–0.971; 
P <0.001), 77.8% sensitivity, and 90.2% speci-
ficity (Figure 2A). For sPESI, the cutoff value was 
set at 2 points, with an AUC of 0.81 (95% CI, 
0.728–0.885; P <0.001), 88.9% sensitivity, and 
70.5% specificity (Figure 2B).

Independent risk factors for 3-month mortality in lo-
gistic regression analysis  The multivariable logis-
tic regression model including variables that were 
significant in the univariable analysis (continuous 
variables, such as VES-13, BMI, GFR, NT-proBNP, 
hs-TnT, procalcitonin and sPESI, and a categor-
ical variable of sex) indicated that the VES-13 
score (and not sPESI) was an independent risk 
factor for the 3-month mortality (Table 3). An in-
crease by 1 point on the VES-13 score was asso-
ciated with an approximately 2.5-fold elevated 
risk of 3-month all-cause mortality among pa-
tients aged 60 years or older, with the first epi-
sode of APE (Table 3).

Comprehensive geriatric assessment and its value 
in 3-month mortality prediction  In the next step, 
we analyzed whether the CGA improves 3-month 
mortality prediction in the VES-13≥3 group. In 
the logistic regression model (with continuous 
variables including VES-13 score, MMSE, ADL, 
iADL, NSS, and the Barthel scale), VES-13 and 
NSS were independent risk factors for postdis-
charge mortality (Table 3). We noted that an in-
crease by 1 point in the VES-13 score was related 
to a 59% higher risk of 3-month mortality, and 

glomerular filtration rate (GFR) calculated using 
the Chronic Kidney Disease Epidemiology Collab-
oration formula (Table 1). There were no significant 
differences between the groups in terms of sodi-
um, potassium, total cholesterol, high-sensitivity 
troponin T (hs-TnT), and D-dimer levels (Table 1).

Even though we did not observe any signifi-
cant differences in C-reactive protein (CRP) and 
white blood cell count (WBC), we showed that the 
patients with VES-13≥3 score had higher medi-
an procalcitonin level and neutrophil-to-lympho-
cyte ratio (NLR) (0.13 [0.1–0.3] ng/ml vs 0.08 
[0.06–0.14] ng/ml; P <0.001 and 5.9 [3–8.2] vs 
3 [2.1–5.5]; P <0.001, respectively) than the pa-
tients with VES-13<3 score.

Comprehensive geriatric assessment  Among the 
patients above 60 years of age with a minimum 
3 points on the VES-13 scale a detailed CGA was 

TABLE 2  Comprehensive geriatric assessment (CGA) in patients with Vulnerable 
Elders Survey-13 score equal to or above 3 points evaluated with CGA depending on 
their survival after 3 months

Clinical test VES-13≥3 
subgroup 
(n = 76)

3-month follow-up

Died 
(n = 16)

Survived 
(n = 41)

P value

MMSE

Median 27 (24–28) 24.5 (23–27) 27 (25–28) 0.002

<24 points, n (%) 10 (13.2) 6 (37.5) 1 (2.4)

≥24 points, n (%) 66 (86.8) 10 (62.5) 40 (97.6)

CDT

Median 4 (1.5–5) 4 (1–5) 4 (3–5) 0.22

4–5 points, n (%) 40 (52.6) 9 (56.3) 26 (63.4)

<4 points, n (%) 36 (47.4) 7 (43.7) 15 (36.6)

ADL

Median 5 (1–6) 1 (0–6) 6 (0–6) <0.001

5–6 points, n (%) 40 (52.6) 2 (12.5) 29 (70.7)

<5 points, n (%) 36 (47.4) 14 (87.5) 12 (29.3)

iADL

Median 3 (1–6) 1 (1–2.5) 4 (2–8) <0.001

8 points, n (%) 16 (21) 1 (6.25) 11 (26.8)

<8 points, n (%) 60 (78.9) 15 (93.75) 30 (73.2)

NSS

Median 17 (12.5–19) 12.5 (9–15) 17 (16–19) <0.001

>14 points, n (%) 49 (64.5) 4 (25) 35 (85.4)

≤14 points, n (%) 27 (35.5) 12 (75) 6 (14.6)

Barthel scale

Median 75 (27.5–92.5) 35 (17.5–55) 90 (70–95) <0.001

≤40 points, n (%) 24 (31.6) 10 (62.5) 7 (17.1)

>40 points, n (%) 52 (68.4) 6 (37.5) 34 (82.9)

GDS

Median 4 (2–7) 4 (2–7.5) 3 (2–5) 0.38

0–5 points, n (%) 51 (67.1) 10 (62.5) 31 (75.6)

6–15 points, n (%) 25 (32.9) 6 (37.5) 10 (24.4)

Abbreviations: ADL, activities of daily living; CDT, clock drawing test; iADL, 
instrumental activities of daily living; GDS, geriatric depression scale; MMSE, 
Mini-Mental State Examination; NSS, Norton Scale Score; others, see Table 1
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concentration, rarely used creatinine level, and 
hyponatremia.1 We observed no significant dif-
ferences between the VES-13≥3 group and the 
VES-13<3 group in terms of APE severity accord-
ing to the ESC risk stratification, plasma hs-TnT 
concentration, and frequency of right ventricu-
lar failure. However, the VES-13≥3 group had a 
higher sPESI score than the VES-13<3 group. sPE-
SI is widely used in daily clinical practice due to 
its simplicity and appropriate validation in large 
cohorts. There is a lack of data in the literature 
showing the potential for using any other scales 
(validated in clinical trials) dedicated to the elder-
ly population diagnosed with APE. Very elderly 
populations aged 80 years and more are under-
represented in most studies, and the sPESI scale 
does not distinguish between elderly (>60 years 
old) and very elderly (>80 years old) patients. In 
contrary, the VES-13 scale considers the exact age 
of patients in relation to their functional status. 
Taking these factors into account, we compared 

a 1-point decrease in the NSS was related to by 
35% higher odds of death (Table 3). We employed 
the CART algorithm to identify the cutoff values 
for the VES-13 and NSS tests (figure 3).

In a subgroup of patients with VES-13 score 
above 7 points, the percentage of 3-month mor-
tality was 53.9%, and in a subgroup of patients 
with VES-13 score above 7 points and NSS score 
equal to or below 14 points, the percentage of 
3-month mortality reached 92.3% (data not 
shown).

Discussion  The main finding of our study is the 
observation that the VES-13 score may be useful 
in predicting 3-month postdischarge mortality 
in patients after the first episode of APE aged 60 
years or older. According to the ESC APE guide-
lines,1 there are several parameters for early (in-
hospital and 30-day) mortality prediction, such 
as hemodynamic instability, right-to-left ventric-
ular ratio above 1, sPESI score, hs-TnT plasma 

Figure 2  A – receiver operating characteristic (ROC) curve of the Vulnerable Elders Survey-13 (VES-13) for predicting 3-month mortality among 
patients with acute pulmonary embolism (APE); B – ROC curve of the simplified Pulmonary Embolism Severity Index (sPESI) for predicting 3-month 
mortality among patients with APE 
Abbreviations: AUC, area under the curve; others, see figure 1
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TABLE 3  Independent risk factors for 3-month mortality in logistic regression model

Variable Odds ratio for mortality (95% CI) P value

3-month mortality in total populationa

VES-13 score 2.67 (1.05–6.75) 0.04

BMI, kg/m2 1.54 (0.97–2.46) 0.07

3-month mortality in VES-13≥3 points subgroupb

VES-13 score 1.59 (1.02–2.49) 0.04

NSS 0.74 (0.59–0.93) 0.009

a  Logistic regression model built with the following continuous variables: VES-13, BMI, GFR, NT-proBNP, 
high-sensitivity troponin T, procalcitonin and sPESI, and a categorical variable of sex

b  Logistic regression model built only for the population of patients with VES-13 ≥3 points and performed CGA, and 
including continuous variables such as VES-13 score, MMSE, ADL, iADL, NSS, and Barthel scale

Abbreviations: see figure 1, tables 1 and 2
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The groups differed in terms of risk factors such 
as age, sex, NT-proBNP concentration, and proin-
flammatory parameters. Sex-specific differences 
should not be discarded in the APE population. 
According do WHO,38 average lifespan of women 
in Poland in 2020 was 7.7 years longer than that 
of men. Keller et al39 reported cardiac troponin 
concentration, sPESI and Bova score, and right 
ventricular dysfunction as factors predicting ad-
verse outcome in normotensive female patients 
only, while tachycardia, hypoxia, and NT-proBNP 
levels could be used to predict the adverse out-
come in both sexes. However, there were no dif-
ferences in 30-day survival between sexes.

In a Mendelian randomization study, geneti-
cally predicted BMI was positively associated with 
APE and most cardiovascular conditions.40 On the 
other hand, it can be postulated that patients with 
higher mortality rate are characterized with lower 
BMI, which might indicate the presence of cardio-
vascular obesity paradox.41 BMI above 30 kg/m2 
is a risk factor for development of CVDs. Howev-
er, the optimal BMI for patients already suffering 
from a cardiovascular condition (such as APE) re-
mains to be established.41 It is well-known that 
vulnerability is associated with cardiometabol-
ic disorders.42 Kravchenko et al42 demonstrated 
that VES-13 score, being a frailty marker, is asso-
ciated with HF, development of pressure ulcers, 
and urinary incontinence. In our study, the pa-
tients with VES-13≥3 points were characterized 
by higher NT-proBNP concentration.

Proinflammatory markers, such as CRP, are a 
part of routine assessment in APE patients. In our 
study, the patients with higher VES-13 score were 
characterized by higher procalcitonin levels and 
higher NLR. It is hypothesized that “inflammag-
ing,” defined as immunosenescence and age-relat-
ed increase in circulating proinflammatory cyto-
kines, plays a crucial role in the frailty syndrome 
development.43 Peripheral NLR was proposed as 

the sPESI with the VES-13 score for 3-month mor-
tality prediction. Our study is the first to demon-
strate that the VES-13 score is a better tool than 
the sPESI to predict 3-month mortality among 
elderly APE patients. According to the European 
Statistical Office data, approximately 20.3% of the 
European Union population were aged 65 years 
or more in 2019. To the best of our knowledge, 
there are no data in the literature describing the 
use of the VES-13 among patients with APE. Con-
tinuous physical impairment, as measured with 
the VES-13 questionnaire, is a well-known con-
dition that results in a higher demand for nurs-
ing, medical, and care services. Moreover, it in-
creases health care system expenses and leads to 
lower quality of life. Progressive loss of indepen-
dence in performing daily activities is related to 
an increased risk of frailty syndrome and high-
er mortality.36 The use of the VES-13 score in pa-
tients with CVDs is limited.

The patients with higher VES-13 score (≥3 
points) were characterized by a higher risk of 
3-month mortality. The VES-13 scale is strongly 
associated not only with age but also with func-
tional status. Bell et al9 discovered that vulnerabil-
ity measured with the VES-13 scale was common 
in older patients hospitalized for CVDs, and it was 
associated with greater use of health care servic-
es. In this study, a multivariable logistic analysis 
indicated that a 1-point increase in VES-13 score 
was independently related to low social support, 
depression, female sex, and heart failure (HF).9 
In a study conducted by Le Courvoisier et al37 in 
555 patients aged 75 years or older and diagnosed 
with HF exacerbation, the functional decline cor-
related with the worst short-term prognosis. We 
observed that the VES-13 score above 8 was as-
sociated with greater 3-month mortality in the 
total APE population. The same relationship was 
confirmed for VES-13 score above 7 points in the 
VES-13≥3 group.

Figure 3  Classification 
and regression tree 
showing the cutoff value 
for Norton Scale Score to 
predict 3-month mortality 
among patients with 
acute pulmonary 
embolism (APE). The pink 
line denotes APE 
survivors, and the black 
line denotes patients who 
died within 3 months after 
hospital discharge. 
Abbreviations: ID, 
identifier
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studies are needed to validate the usefulness of 
VES-13 scale in assessing the prognosis in elder-
ly APE patients with dementia.50

In conclusion, there is no standardized tool for 
evaluating the vulnerable functional status dur-
ing hospitalization. Vulnerability and functional 
impairment, assessed with the VES-13 scale, are 
prevalent among elderly patients hospitalized in 
cardiology departments for their first episode of 
APE. It may be postulated that the VES-13 scale 
is a better tool for predicting the 3-month mortal-
ity than the widely used sPESI scale. The VES-13, 
supplemented by the NSS test, are useful screen-
ing tools for identifying patients at a higher risk 
of postdischarge death. However, the CGA indi-
cates the need for further screening and prioriti-
zation of postdischarge care. Better understand-
ing of the social, psychological, and mental sta-
tus of our patients may enable direct implementa-
tion of more effective treatment strategies, more 
intense age-related prophylaxis, and inspiration 
for lifestyle changes.
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