
Původní sdělení | Original research article

The Prognostic Importance of Right Ventricular Functional 
Echocardiographic Parameters of Community-Acquired 
Pneumonia Patients in Intensive Care

İbrahim Saraç 

Department of Cardiology, Department of Physiology, Faculty of Medicine, Atatü rk University, Erzurum, Turkey

Address: İbrahim Saraç, MD, Department of Cardiology, Department of Physiology, Atatü rk University, Faculty of Medicine, Erzurum 25010, Turkey, 
e-mail: drsaracc@gmail.com
DOI: 10.33678/cor.2025.076

Please cite this article as: Saraç İ. The Prognostic Importance of Right Ventricular Functional Echocardiographic Parameters of Community-Acquired Pneumonia Patients in Intensive 
Care. Cor Vasa 2025;67:427–435.

ARTICLE INFO

Article history:
Submitted: 19. 4. 2025
Revised: 1. 7. 2025
Accepted: 2. 7. 2025
Available online: 15. 9. 2025

SOUHRN

Cíl: Vztah mezi parametry transtorakální echokardiografi e (TTE) a prognózou pacientů hospitalizovaných 
na jednotce intenzivní péče s diagnózou pneumonie není přesně znám. Cílem této studie bylo prozkoumat 
vztah mezi funkcemi pravé komory srdeční (PK) a klinickými parametry.
Materiály a metody: Do naší retrospektivní studie byli zařazováni pacienti s pneumonií a s normálními hod-
notami ejekční frakce levé komory (EF LK), kteří byli sledováni na jednotce intenzivní péče. Následně jsme 
porovnávali skóre závažnosti stavu pacientů, výskyt komplikací a mortalitu během sledování s údaji získa-
nými metodou TTE. 
Výsledky: Do studie byly zařazeny údaje celkem 107 pacientů; z tohoto počtu se jich 77 (71,9 %) vyléčilo 
a byli propuštěni z nemocnice (skupina 1), zbývajících 30 (28,1 %) zemřelo (skupina 2). Věk (průměr ± SD) 
pacientů ve skupinách 1 a 2 byl 67,71 ± 9,65, resp. 76,67 ± 8,52 roku (p < 0,001). Žádný statisticky významný 
rozdíl mezi pohlavími nebyl nalezen (0,357). Hodnoty ukazující na sníženou funkci pravé komory a vyšší 
incidence komorbidit byly častěji pozorovány u pacientů s nepříznivým výsledkem léčby a s vyšší mortalitou 
(p < 0,001). Výsledkem analýzy zaznamenaných údajů pomocí binární logistické regrese pro modelování 
nezávislého vztahu mezi hodnotami naměřenými metodou TTE a mortalitou bylo zjištění, že frakční změna 
plochy pravé komory (right ventricular fractional area change, RVFAC), tlak v plicnici v systole (pulmonary 
artery systolic pressure, sPAP) a průměr dolní duté žíly (inferior vena cava, IVC) nejsou v přímo úměrném 
vztahu s mortalitou.
Závěr: Naše studie prokázala, že hodnoty naměřené metodou TTE se – ve srovnání s jinými pacienty – více li-
šily od hodnot pacientů s těžkým zápalem plic a s nepříznivou prognózou naměřených jinými metodami. Byl 
zaznamenán i nepříznivý vliv zvýšené zátěže komorbidit na hodnoty naměřené metodou TTE. Ukázalo se, že 
hodnoty RVFAC, sPAP a IVC, často používané k hodnocení funkcí pravé komory srdeční, mohou napomáhat 
při predikci mortality pacientů, léčených na jednotkách intenzivní péče se zápalem plic.

© 2025, ČKS.

ABSTRACT 

Purpose: The relationship between transthoracic echocardiography (TTE) parameters and the prognosis of 
patients hospitalized in intensive care with a diagnosis of pneumonia is not well known. This study planned 
to investigate the relationship between patients’ right ventricular functions (RVF) and clinical outcomes. 
Materials and methods: It is a retrospective study including patients with pneumonia and normal left ven-
tricular ejection fraction (LVEF) who were followed up in the intensive care unit. The severity scores of the 
patients, complications, and mortality rates during follow-up and TTE data were compared. 
Results: One hundred and seven patients were included in the study. Seventy-seven (71.9%) of these pati-
ents recovered and were discharged (group 1), and 30 (28.1%) died (group 2). The age distributions (mean 
± SD) of group 1 and group 2 patients were 67.71 ± 9.65 and 76.67 ± 8.52, respectively (p <0.001). It did 
not show statistical signifi cance according to gender distribution (0.357). Parameters indicating decreased 
RV functions and the presence of increased comorbidities were observed more frequently in patients with 
adverse clinical outcomes and mortality (p <0.001). As a result of the binary logistic regression analysis 
performed to model the independent effects of TTE measurements on mortality, it was observed that right 
ventricular fractional area change (RVFAC), pulmonary artery systolic pressure (sPAP), and inferior vena cava 
(IVC) variables had independent effects on mortality. 
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428 Right ventricular functions in severe pneumonia

Introduction

The mechanisms behind the development of systolic and 
diastolic right ventricular dysfunction (RVD) have become 
a matter of curiosity and are becoming better understood 
day by day. Although RVD is observed quite frequently in 
patients with heart failure with reduced ejection fraction 
(HFrEF), it is well known now that RVD is quite common in 
patients with heart failure with preserved ejection frac-
tion (HFpEF) and contributes to poor prognosis.1,2 Many 
diseases such as pulmonary hypertension (PH), atrial fi -
brillation (AF), chronic obstructive pulmonary disease 
(COPD), hypertension (HT), obesity, diabetes mellitus 
(DM), chronic kidney disease (CKD), sleep apnea, rheu-
matological diseases, and connective tissue diseases, left 
ventricle (LV) and right ventricle (RV) remodeling process-
es generally continue together.1,3,4 The prevalence of RVD 
has been shown to be between 30–50% in studies using 
echocardiographic parameters such as right ventricular 
fractional area change (RVFAC), tricuspid annular plane 
systolic excursion (TAPSE), RV lateral tricuspid annulus 
peak systolic velocity (RVS’). Again, in a study using cardi-
ac magnetic resonance (CMR) imaging, RVD was observed 
in 19% of patients, and a meta-analysis showed that the 
prevalence of RVD was between 18% and 28%.5,6 Preva-
lence data for RVD vary because the severity of comor-
bidities and the echocardiographic methods, criteria, and 
thresholds used to evaluate RVD vary in different studies. 
These criteria have been updated over time.1,7–9 Despite 
changing methods and criteria, current data have shown 
that RVD is more common in HFpEF patients. In some 
studies, it has been observed that it is the major determi-
nant of clinical prognosis in pathologies accompanied by 
right ventricular dysfunction and failure.1,10–12 In addition, 
it is observed that the clinical prognosis is affected poorly 
in patients with RVD in the intensive care unit and in cas-
es accompanied by infection and sepsis.13,14 Pneumonia is 
a systemic lung parenchymal infection and may present 
with mild clinical symptoms and signs of the respiratory 
system but may also lead to sepsis, multiple organ failure 
complications, and death. Deterioration of right ventricu-
lar functions, especially in patients with increased comor-
bidities, leads to an increase in the frequency of HFpEF 
in these patients. It has been observed that this situation 
increases the susceptibility to pneumonia and negatively 
affects the prognosis.15 Although rare, data are available 
between pneumonia and echocardiographic parameters. 
In addition, since the symptoms and signs of congestive 
heart failure (CHF) can be masked in patients diagnosed 
with pneumonia, the diagnosis can often be missed. Al-
though the incidence and prognosis of pneumonia are 
observed quite frequently in all types of CHF, their course 
is worse in patients with CHF and those with impaired 
right heart function.15,16 This study investigated the ef-

fect of transthoracic echocardiography (TTE) parameters 
on the prognosis and mortality of patients with HFpEF 
who were followed up in the intensive care unit due to 
pneumonia.

Materials and methods

Patient selection
The study is a retrospective study including 107 patients 
who were admitted to the chest diseases and cardiol-
ogy intensive care unit and followed up between Sep-
tember and November 2024. Patients were divided into 
two groups: those who recovered and were discharged 
(group 1) and those who died (group 2). TTE fi ndings, 
radiological images, laboratory tests, and additional 
clinical data of the patients were accessed through the 
hospital automation system. Pregnant women, patients 
under 18 years of age, patients without intensive care 
admission, patients with LVEF below 50; advanced heart 
valve stenosis or insuffi ciency, restrictive, constructive, 
and hypertrophic cardiomyopathy, congenital heart dis-
ease, malignancy, liver cirrhosis, end-stage renal failure, 
advanced chronic obstructive pulmonary disease (COPD), 
idiopathic PH, drug-related PH, hereditary PH and pa-
tients who could not be reached TTE data were excluded 
from the study (Fig. 1). Data regarding the TTE images 
of the patients were obtained from bedside TTE records 
made on patients consulted to the cardiology clinic dur-
ing intensive care follow-ups. The pneumonia severity of 
the patients during their admission to the intensive care 
unit was graded with pneumonia severity index (PSI) and 
confusion, blood urea nitrogen, respiratory rate, blood 
pressure, and age (CURB65) scores.17

Echocardiographic measurement and defi nitions
All patients underwent TTE examination imaging using 
the Philips EPIQ7 Cardiac Ultrasound System. The main 
data we use in our study, obtained from TTE records, 
are as follows: left ventricular ejection fraction (LVEF), 
left ventricular mass index (LVMi), maximum velocities of 
the E wave (E) and the A wave (A), mean septal e’ ve-
locity/ lateral e’ velocity, tricuspid regurgitation velocity 
(TRV), left atrial volume index (LAVi), average E/e’ ratio, 
right ventricle end-diastolic diameter (RVEDD), left ven-
tricle end-diastolic diameter (LVEDD), inferior vena cava 
(IVC) diameter, pulmonary artery systolic pressure (sPAP), 
TAPSE, RV fractional area change (RVFAC), lateral RVS’, 
TAPSE/sPAP ratio, RVEDD/LVEDD. The LVEF was measured 
using the standard Simpson biplane method in the 4- and 
2-chamber views. RVFAC was expressed as the ratio ob-
tained by dividing the difference between the RV end-di-
astolic area (RVEDA) and the RV end-systolic area (RVESA) 
by RVEDA. The endocardial contour was traced to calcu-

Conclusion: In our study, it was observed that TTE measurement results deviated more from normal measu-
rement levels in patients with severe pneumonia and poor prognosis compared to other patients. Also the 
negative impact of increased comorbidity burden on TTE parameters was also observed. It has been deter-
mined that RVFAC, sPAP, and IVC measurements, frequently used in evaluating RVF, it is useful in predicting 
an increase in mortality rates, in patients followed in intensive care due to pneumonia.
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late the RVEDA, RVESA, and RV basal diameter. LV mass 
was calculated using recommended formula to estimate 
LV mass from LV linear dimensions and indexed to body 
surface area LVMi. LA volume was assessed using the 
modifi ed biplane Simpson’s method from apical 2- and 
4-chamber views at the end-systole and was indexed to 
body surface area LAVi. Maximal tricuspid regurgitation 
velocity (TRV) was used to derive the RV-right atrial (RA) 
pressure gradient by the simplifi ed Bernoulli equation 
with continuous-wave Doppler guidance (P = 4 (TRmax2, 
TRV ≤2.8 m/s velocity value is considered normal). The es-
timated pulmonary artery systolic pressure (sPAP) was cal-
culated using the tricuspid regurgitation peak gradient 
(TRPG), IVC diameter, and its variation. According to the 
recommendations for cardiac chamber quantifi cation by 
echocardiography in adults, we calculated the estimated 
right atrial pressure (ERAP) and divided it into 3 pres-
sure grades. An IVC diameter <21 mm and collapses of 
>50% with a sniff-defi ned normal pressure of 3 mmHg, 
IVC diameter >21 mm, and collapses of <50% with a sniff-
defi ned high pressure of 15 mmHg. The other cases were 
defi ned as an intermediate pressure of 8 mmHg. Finally, 
The sPAP was calculated as the sum total of the TRPG and 
ERAP. Peak mitral E velocity (cm/s) measurement is ob-
tained by measuring diastolic fl ow velocities between the 
mitral valve tips in apical four-chamber imaging. E’ veloc-
ity (cm/s) was obtained from the mitral ring’s basal septal 
or basal lateral region with tissue Doppler. The mean E/e 
ratio <8 generally indicates normal fi lling pressures, while 
>14 is highly specifi c for increased LV fi lling pressures. As 
in the validation study, the sPAP value used for suspicion 
of PH was taken as 35 mmHg. Peak systolic velocity of the 

RVS’ was measured using tissue Doppler imaging (TDI). 
A sample volume of pulsed TDI was placed in the tricus-
pid annulus or in the middle of the basal segment of the 
RV-free wall. The RVS’ velocity was defi ned as the highest 
systolic velocity without overgaining the Doppler enve-
lope. RVS’ is usually assessed as a categorical variable with 
a 9.5 cm cut-off for RV dysfunction. An M-mode sampling 
was placed at the right lateral border of the heart at the 
tricuspid valve annulus, which generated M-mode active 
tracings. A TAPSE value was obtained by measuring the 
vertical height between the peak and trough in a single 
cardiac cycle to determine the apex-to-base shortening. 
Other useful indices include RVEDD (>41 mm) and RV hy-
pertrophy (wall thickness >5 mm). TTE was applied to the 
patients according to the recommendations of the Ameri-
can Society of Echocardiography / European Association 
of Cardiovascular Imaging guidelines.9

Community-acquired pneumonia (CAP): defi nition 
and assessment of severity
Although there is no universal consensus on the defi ni-
tion of severe community-acquired pneumonia, currently 
accepted criteria are based on international clinical prac-
tice guidelines. CAP is a condition with diagnostic radio-
graphic fi ndings and no alternative explanation, with 2 
or more signs (e.g., temperature >38 °C or ≤36 °C; leu-
kocyte count <4000/μL or >10 000/μL) or symptoms (e.g., 
new onset or increased cough or shortness of breath). 
The defi nition and management of CAP was defi ned by 
the Infectious Diseases Society of America / American 
Thoracic Society.18 In our study, PSI score and CURB-65 
score were used to determine the pneumonia severity. 
PSI was created by Fine et al., and patients were classi-
fi ed into 5 groups according to demographic factors, co-
morbidities, physical examination, laboratory, and radio-
graphic fi ndings. As the PSI scores of patients increased, 
an increase in intensive care unit admission and mortality 
rates was observed. If we look at the points and mortality 
rates respectively; (0–50)/(0.1), (51–70)/(0.6), (71–90)/(0.9), 
(91–130)/(9.3), (131–395)/(27). It is known as the CURB-65 
score (confusion, blood urea nitrogen > 7 mmol/L, respira-
tory rate ≥ 30/min, systolic blood pressure < 90 mmHg or 
diastolic blood pressure ≤60 mmHg, age ≥65 years). Ac-
cordingly, the mortality rate of 1 point was determined 
as <3%, the mortality rate of 2 points was determined as 
9%, and the mortality rate of 3–5 points was determined 
as 15–40%.17

Evaluation of comorbid patients in terms of HFpEF
In our study, the H

2
FPEF score, which predicts the possi-

bility of HFpEF and includes many parameters, was also 
calculated. According to this score, obesity was defi ned 
as body mass index (BMI) >30 kg/m2 (2 points). AF diag-
nosis was obtained from clinical history or documented 
electrocardiography (ECG) (3 points). HT was defi ned as 
a patient previously diagnosed with HT or using two or 
more antihypertensive drugs (1 point). sPAP value above 
35 mmHg was taken as the limit value (1 point). Age is 
defi ned as age 60 and over (1 point). E/e’ was evaluated 
as >9 (1 point). When the total score is 6 or above, the 
probability of having HFpEF is considered to be 90% or 
above.19

Fig. 1 – A fl ow chart for inclusion of patients in the our study.
* Pregnant women, patients with LVEF below 50; advanced heart 
valve stenosis or insuffi ciency, restrictive, constructive, and hy-
pertrophic cardiomyopathy, congenital heart disease, malignancy, 
liver cirrhosis, end-stage renal failure, advanced chronic obstructive 
pulmonary disease (COPD), idiopathic PH, drug-related PH, here-
ditary PH and patients who could not be reached, TTE data were 
excluded from the study.

Mean three-month patient follow-up in chest disease 
and cardiology intensive care unit

169 patients

107 patients

77 patients 30 patients

62 patients

* excluded from study

included 
in the study

discharged 
patients

deceased 
patients
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Statistical analysis
In this study, descriptive statistics (number, percentage, 
mean, standard deviation, median, minimum, and maxi-
mum) of the data are given. The assumption of normal 
distribution was checked with the Shapiro–Wilk test. In 
cases where the normality assumption was not met, the 
Whitney U test was applied to compare two independent 
groups. In testing the relationship between categorical 
variables, the Pearson Chi-Square test was applied when 
the sample size assumption (expected value >5) was met, 
and Fisher’s exact test was applied when the sample size 
assumption was not met. Binary logistic regression analy-
sis with a forward conditional approach was applied to 
model the categorical dependent variable with indepen-
dent variables. Analyzes were carried out in the IBM SPSS 
25 program.

Results

In our study, 107 patients were followed in the intensive 
care unit according to the inclusion criteria for 3 months. 
Seventy-seven (71.9%) of these patients recovered and 
were discharged, and 30 (28.1%) died. The age distribu-
tions (mean ± SD) of the group 1 and group 2 patients 
were 67.71 ± 9.65 and 76.67 ± 8.52, respectively (<0.001). 
The rate of female patients was found to be 36 (46.8%) 
and 17 (56.7%) in both groups and did not show statisti-
cal signifi cance (0.357). As a result of the analyses made 
according to the demographic and clinical characteristics 
of both patient groups, comorbidities such as HT, DM, 
coronary artery disease (CAD), ischemic cerebrovascular 
event (CVE), AF, CKD, COPD were statistically signifi cant 
in the group 2 (p <0.05). A comparison of demographic 
and clinical characteristics is given in Table 1. 

Table 1 – A comparison of demographic and clinical characteristics

Clinical outcome in intensive care
p

Group 1 (n = 77) Group 2 (n = 30)

Age/year ± mean/SD 67.71 ± 9.65 76.67 ± 8.52 <0.001*

Female, n (%) 36 (46.8) 17 (56.7) 0.357

HT, n (%) 20 (26) 18 (60) 0.001*

DM, n (%) 14 (18.2) 13 (43.3) 0.003*

CAD, n (%) 11 (14.3) 12 (40) 0.004*

CVE, n (%) 2 (2.6) 11 (36.7) <0.001*

AF, n (%) 29 (37.7) 19 (63.3) 0.016*

COPD, n (%) 13 (16.9) 12 (40) 0.003

CRF, n (%) 9 (11.7) 11 (36.7) 0.003*

AF – atrial fi brillation; CAD – coronary artery disease; COPD – chronic obstructive pulmonary disease; CRF – chronic renal failure; CVE – ce-
rebrovascular event; DM – diabetes mellitus; HT – hypertension. * p <0.05.

Table 2 – Laboratory data, and pneumonia severity scores of patients discharged from intensive care and mortality groups

Clinical outcome in intensive care

pGroup 1 (77) Group 2 (30)

Min.–max. Mean ± SD (median) Min.–max. Mean ± SD (median)

BMI 16.4–37.8 27.24 ± 5.17 (24.52) 20.82–40.1 29.25 ± 5.03 (27.1) 0.041*

H
2
FPEF 0–9 4.4 ± 2.87 (4) 0–9 5.93 ± 2.56 (6) 0.017*

CURB-65  2–5 3.16 ± 0.67 (3) 2–5 4.23 ± 0.77 (4) <0.001*

PSI 101–197 140.12 ± 17.71 (139) 121–242 165.03 ± 30.49 (154.5) <0.001*

WBC 853–21365 10111.44 ± 5330.15 (11962) 830–26710 12629.77 ± 8486.4 (12740) 0.119

Hb 0.56–18.2 12.1 ± 2.52 (12.5) 6.8–17.4 11.66 ± 2.7 (11.2) 0.170

Procalcitonin 0.02–7.26 1 ± 0.98 (0.97) 0.1–8.05 3.08 ± 2.44 (2.13) <0.001*

BNP 12–15561 433.75 ± 1764.4 (121) 3–16589 1351.27 ± 3193.52 (390) 0.008*

D-dimer 23–21417 1428.88 ± 2667.85 (821) 79–25123 3591.23 ± 6185.54 (1489) 0.002*

TnI 0–25000 413.43 ± 2861.87 (12) 0–25000 1284.33 ± 4540.06 (184.5) <0.001*

Hospitalisation duration 3–34 12.4 ± 7.71 (11) 3–47 11.33 ± 10.42 (9) 0.221

BMI – body mass index; BNP – brain natriuretic peptide; CURB65 – confusion, blood urea nitrogen, respiratory rate, blood pressure, age; 
Hb – hemoglobin; PSI – Pneumonia severity index; TnI – troponin I; WBC – white blood count. * p <0.05.
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Table 3 – Comparison of clinical outcomes of patients in intensive care, major complications, and supportive treatments received

Clinical outcome in intensive care

Group 1 (n = 77) Group 2 (n = 30) p

Peff 9 (11.7) 9 (30) 0.023*

P. embolism 10 (13) 10 (33.3) 0.015*

Pleural EFF 13 (16.9) 11 (36.7) 0.028*

Sepsis 9 (11.7) 10 (33.3) 0.008*

Vasopressor support 10 (13) 16 (53.3) <0.001*

Steroid use 17 (22.1) 16 (53.3) 0.002*

Mechanical ventilation 43 (55.8) 28 (93.3) <0.001*

Peff – pericardial effusion; p. embolism – pulmonary embolism; pleural EFF – pleural effusion. * p <0.05.

Fig. 2 – The relationship between the patients’ HFpEF and pneumonia severity scores averages and their mortality status

Fig. 3 – Analysis graphs of the distribution of RVFAC, sPAP, and IVC measurements in TTE according to the clinical outcomes.
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As a result of the analysis, it is seen that scores express-
ing the burden of the disease and accompanying comor-
bidities, such as body mass index (BMI), H

2
FPEF, CURB-65 

and PSI scores are observed more frequently in the group 
2 compared to the group 1 (p <0.05). Similarly, serum 
procalcitonin, brain natriuretic peptide (BNP), D-dimer, 
and troponin I (TnI) measurement values were higher in 
the group 2 compared to the group 1, and statistically 
signifi cant differences were detected (p <0.05) (Table 2). 
A graphical representation of the distribution of severity 
scores of these patients according to their clinical outcome 
is given in Figure 2.

Peff, P. embolism, Pleural EFF, and sepsis were evaluat-
ed as the main clinical complications during the follow-up 
of the patients, and in the comparison, they were found 
to be statistically more frequent and signifi cant in the 
group 2. Again, these patients received more vasopressor 
support, steroid use, and mechanical ventilation support, 
and it was seen more in the group2 and was determined 
to be statistically signifi cant (p <0.05) (Table 3).

In our study, measurements of TTE parameters taken at 
the bedside of the patients were compared. In group2 pa-

tients, LAVi, E/e’, TRV, SPAP, RVEDD/LVEDD, IVC, RV wall 
thickness, and RVEDD measurements were higher than 
in group1. In group 1 patients, EF, e’, TAPSE/SBAP, RV-
FAC, RVS’, and TAPSE measurements were higher than in 
group 2. As a result of comparing the data of both groups, 
LVEF, e’, LAVi, TAPSE/sPAP, RVFAC, E/e’, TRV, TAPSE, SPAP, 
RVEDD/LVEDD, RVS’, IVC, left ventricular diastolic dysfunc-
tion (LVDD), and the rate of LV D-shaped were statistically 
signifi cant differences between groups (p <0.05). Compar-
ison data of TTE measurements of both groups are given 
in Table 4.

Binary logistic regression analysis was applied to model 
the independent effects of all TTE measurements obtained 
in the study on mortality status. The regression analysis 
determined that RVFAC, sPAP, and IVC variables had sta-
tistically signifi cant effects on mortality (Table 5, Fig. 3).

Discussion

In our study, it was observed that patients whose RV func-
tions were evaluated as poor had a worse clinical progno-

Table 4 – TTE measurements and comparative statistical analysis

Clinical outcome in intensive care

pGroup 1 Group 2 

Min.–max Mean ± SD Min.–max Mean ± SD

LVEF 50–66 56.86 ± 4.02 50–67 55.07 ± 4.31 0.030*

E: cm/s 57–141 93.39 ± 14.67 64–138 93.27 ± 20.23 0.781

Mean e’: cm/s 3.6–13.9 9.15 ± 2.56 2.3–13.6 6.83 ± 2.82 <0.001*

A: cm/s 50–114 73 ± 16.07 1.04–114 73.34 ± 28.69 0.779

E/A/ratio 0.76–1.91 1.18 ± 3.8 0.69–2.11 1.21 ± 4.12 0.054

LVMi/ml/bsa 72–119 89.05 ± 10.35 75–122 94.27 ± 14.19 0.117

LAVi/ml/bsa 18–48.1 31.15 ± 6.59 24–49 38.51 ± 7.17 <0.001*

TAPSE/SBAP/ratio 0.17–0.89 0.55 ± 0.21 0.16–0.84 0.38 ± 0.18 <0.001*

RVFAC/ratio 23.19–68.87 50.5 ± 12.68 23.25–55.9 37.68 ± 10.28 <0.001*

E/e’ ratio 4.2–17.6 9.73 ± 4.31 5.8–19.5 13.75 ± 4.55 <0.001*

TRV/cm/s 1.4–4 2.62 ± 0.71 1.31–4.3 3.1 ± 0.97 0.002*

TAPSE/cm/s 11.5–28.8 20.15 ± 4.59 12.1–27.1 17.28 ± 4.4 0.001*

sPAB/mmHg 19–59 33.69 ± 8.52 22–67 43.27 ± 12.38 <0.001*

 RVS’/cm/s 8.1–23.4 14 ± 6.1 6.2–20.3 11 ± 5.7 <0.009

 RV wall thickness/mm 2.7–1.12 5.71 ± 2.12 2.6–1.23 5.87 ± 2.44 0.102

 RVEDD/mm 31–47 39 ± 6.8 32–52 42 ± 7.1 0.176

RVEDD/LVEDD ratio 0.51–1.22 0.72 ± 0.19 0.43–1.41 0.82 ± 0.24 0.012*

IVC/mm 13.6–25 17.99 ± 2.67 14–26 20.47 ± 2.98 <0.001*

LVDD (any stage), n (%) 33 (42.9) 22 (73) 0.021*

LV D-shaped, n (%) 10 (13) 10 (33.3) 0.015*

A – A wave; E – E wave; E/A – E wave / Awave ratio; E/e’; E wave/e’ ratio; IVC – inferior vena cava; LAVi – left atrial volume index; LVDD – left 
ventricular diastolic dysfunction; LV D-shaped – left ventricular D-shaped; LVEF – left ventricular ejection fraction; LVMi – left ventricular mass 
index; mean e’– e’ wave; RVEDD – right ventricular end-diastolic diameter; RVFAC – RV fractional area change; RVS’ – RV lateral tricuspid 
annulus peak systolic velocity; RV wall thickness – right ventricular wall thickness; sPAP – pulmonary artery systolic pressure; TAPSE – tricuspid 
annular plane systolic excursion; TAPSE/sPAP – tricuspid annular plane systolic excursion / pulmonary artery systolic pressure ratio; TRV – tricu-
spid regurgitation (TR) velocity. * p <0.05.
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sis and higher mortality rates compared to other pa-
tients. In addition, it has been determined that some 
parameters are useful in predicting an increase in mor-
tality rates in these patients. In our study, patients were 
divided into two groups according to died or recovery 
and discharge during intensive care follow-up. In pa-
tients who died due to pneumonia during the follow-up 
period, the prevalence of existing comorbidities and the 
average age of the patients were observed to be higher 
and showed statistical signifi cance (p <0.001). H

2
FPEF, 

PSI, and CURB65 scores in patients admitted to intensive 
care are scores created by the severity of the disease and 
the burden of accompanying comorbidities and are 
widely used in the literature to predict clinical progno-
sis.17 In our study, the existing scores were observed more 
frequently in patients with mortality and showed statisti-
cal signifi cance (p <0.001). Again, if we look at the labo-
ratory fi ndings of these patients, parameters such as 
BNP, D-dimer, Tn-I, and procalcitonin, which are corre-
lated with both the severity of the infection and the se-
verity of systemic involvement or cardiac involvement, 
were observed more frequently in the group 2, and sta-
tistical signifi cance was observed (<0.001). Secondary car-
diac infl uence is commonly observed due to increased 
oxygen demand or inadequate supply in pathologies 
such as pneumonia, infection, and sepsis. In the group2 
during the follow-up of the patients, clinical complica-
tions due to pneumonia and intensive care stay or in-
creased severity of the disease (such as Peff, P. embolism, 
Pleural EFF, sepsis, need for steroids and mechanical ven-
tilation) were observed more frequently (p <001). The 
fi ndings of our study were quite compatible with the lit-
erature and the severity of the disease.17 Major parame-
ters such as E/e’, e,’ LAVi, TRV, and LVMi, which have 
a place in the non-invasive estimation of LV fi lling pres-
sures, showed statistical signifi cance in the group2 in 
proportion to disease severity and comorbidity burden ( 
<0.001). The average of the H

2
FPEF score (if the score is 

above 6–9, there is a 90% probability of diagnosis of HF-
pEF), which is frequently used to evaluate the possibility 
of HFpEF in the patients in our study, was 5.93 ± 2.56 in 
the group2 as 4.4 ± 2.87 in the group 1 (p<0.05). Again, 
the rate of any degree of LVDD in group 2 during follow-
up was 22 (73%) and 33 (42.9%) in the other group (p = 
0.021). In the post hoc analysis of the PARADIGM-HF 
(mortality and hospitalization rates of ARNI (sacubitril 
neprilysin inhibitor and valsartan) compared to enapril in 
HFrEF and PARAGON-HF (in HFpEF) studies, the frequen-

cy of pneumonia was high in patients with CHF, and the 
incidence of pneumonia, especially in patients with HF-
pEF, was observed to be approximately 3 times higher 
than the expected rate.15 In this study, patients with HF-
pEF who developed pneumonia were older and had 
more comorbidities, and pneumonia was associated with 
signifi cantly higher adverse fatal and nonfatal outcomes. 
When we look at the echocardiographic parameters in 
our study; RV dilatation develops due to increasing vol-
ume or pressure load in the RV. It was shown that RV 
dilatation is more common than RV systolic dysfunction 
and that patients with RV dilatation are more likely to 
have respiratory failure syndrome and the need for inva-
sive mechanical use.20 RV is highly sensitive to changes in 
afterload. This increased afterload load is highly associ-
ated with comorbidities.21 In our study, the average 
RVEDD was observed to be over 41 mm in the group 2, 
and the RVEDD/LVEDD ratio was observed to be higher 
in the group 2 compared to group 1, and it was found to 
be statistically signifi cant (0.012). Using another param-
eter, the TAPSE/sPAP ratio, the echocardiographic thresh-
old level of RV-pulmonary artery (PA) coupling was de-
fi ned. A decreased TAPSE/PASP ratio has been associated 
with poor prognosis in both HFrEF and HFpEF, and the 
prognostic cut-off of this ratio has been determined to 
be <0.36.22 The reduced TAPSE/sPAP ratio has even been 
considered a reliable parameter for identifying HFpEF 
patients likely to have precapillary PH.23 Again, as seen in 
our study, the TAPSE/sPAP ratio was lower and statisti-
cally signifi cant in the group 2 (<0.001). The most com-
monly used parameters in the evaluation of RVD are 
TAPSE, RVFAC, and RVS’. Frequently, these measure-
ments are used together. TAPSE is used quite frequently 
in HFpEF patients and has been observed to have an in-
dependent prognostic value.1 The currently recommend-
ed lower limit for TAPSE is <17 mm, whereas <16 mm has 
often been used in previous studies.9 TAPSE has also been 
shown to be a good predictor of mortality in intubated 
patients and correlates with D-dimer and increased car-
diac Tns.24 In our study, the mean TAPSE was observed 
less in the group 2 and showed statistical signifi cance 
(0.001). It also showed an inversely proportional course 
with complications and the need for non-invasive me-
chanical ventilation (p <0.001). Another parameter, RVS, 
is usually assessed as a categorical variable with a 9.5 cm 
cut-off for RV dysfunction.24 In our study, RVS’ measure-
ments showed lower values in the group 2, such as TAPSE, 
and showed statistical signifi cance (p <0.001). RVFAC ra-

Table 5 – Binary logistic regression analysis for TTE variables on mortality

              95% confidence interval

Variables SD p OR LL UL

RVFAC ratio 0.024 0.007* 0.937 0.894 0.982

sPAB (mmHg) 0.029 0.005* 1.085 1.025 1.150

IVC (mm) 0.092 0.002* 1.323 1.106 1.583

Hosmer – Lemeshow; X2 = 5.280 ve p = 0.727, Cox and Snell R2 = 0.318 ve Nagelkerke R2 = 0.458. IVC – inferior vena cava; LL – lower limit; 
OR – odds ratio; RVFAC – RV fractional area change; SD – standard deviation; sPAP – pulmonary artery systolic pressure; UL – upper limit. 
* p <0.05.
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tio (lower limit of normal <35%) was also observed as 
a predictor of all-cause mortality and heart failure hospi-
talizations in HFpEF.21 Additionally, based on the 35% 
lower limit for RVD, D dimer was found to correlate with 
other abnormal laboratory values and RVFAC predicted 
mortality.25 Naturally, in our study, the averages of RV-
FAC measurement values were signifi cantly lower in the 
group 2 compared to the group 1. In addition, binary lo-
gistic regression analysis was applied to model the inde-
pendent effects of all TTE measurements obtained in our 
study on mortality status. As a result of the regression 
analysis, it was observed that RVFAC was a signifi cant 
predictor of mortality. A similar effect could not be ob-
tained for TAPSE and RVS’. As a matter of fact, TAPSE 
and RVS’ may be higher than the expected normal value 
in the case of hyperdynamic LV. This situation is also con-
sidered as the stretching effect of the LV on some myo-
cardial muscle fi bers that are used in common with the 
RV.26 The fact that the patients in our study had normal 
or above LVEF may support this situation. Similarly, 
a study evaluating RVD (TAPSE <17 mm and/or RVFAC 
<35%) showed that RVFAC-based dysfunction was more 
common than TAPSE-based dysfunction.27 Another ex-
planation may be a decrease in radial RV systolic function 
but relative preservation of longitudinal shortening.28 
Accordingly, TAPSE and RVS are thought to provide 
a compensatory response in cases where radial dysfunc-
tion develops. Moreover, since the LV infl uences the lon-
gitudinal function of the RV-free wall, its function may 
be considered enhanced or preserved due to its attach-
ment to a functioning LV myocardium. Again, in some 
studies, it has been observed that RVD does not have 
predictive power for mortality according to some param-
eters evaluated (according to TAPSE and RVS).20 As a mat-
ter of fact, another study found that RV dysfunction (as-
sessed by TAPSE and RVFAC) was associated with all-cause 
mortality in patient groups with a high rate of need for 
mechanical ventilation.29 Therefore, LV structural and 
functional functions may need to be considered when 
evaluating RVD. Another important parameter is PH. In 
patients with pneumonia, the development of PH is like-
ly multifactorial, and important causes include hypoxic 
respiratory failure and ARDS, increased pulmonary vascu-
lar resistance, and the presence of microthrombus or pul-
monary embolism in the lungs. 30 In our study, existing 
comorbidities and sPAP values were higher and statisti-
cally signifi cant in the group 2 patients (p <0.001). In ad-
dition to TRV, IVC diameter also signifi cantly contributes 
to the estimated sPAP measurement in TTE in patients. It 
indirectly affects sPAP. In addition, according to the bi-
nary logistic regression analysis, it was observed that 
both sPAP and IVC values had effect rates on the mortal-
ity of the patients in our study. In conclusion, it was ob-
served that the RV functions of patients with severe 
pneumonia were worse. However, we do not currently 
have enough data to evaluate the effect of CAP on RV 
functions. For this, prospective large-scale studies are 
needed. Summary of our work: It can be said that in pa-
tients with a high probability of HfpEF or pneumonia pa-
tients with increased comorbidities, the clinical prognosis 
worsens, RVF parameters in TTE worsen, and mortality 
rates increase.

Conclusions

Our study observed that as the comorbidities of the pa-
tients increased, their clinical prognosis worsened, and 
TTE parameters remained at values outside the nor-
mal range. Like CURB-65 and PSI scores, which are used 
to evaluate the severity and prognosis of pneumonia, 
patients’comorbidities and TTE fi ndings have also been 
shown to seriously affect prognosis. Additionally, an in-
creased negative effect of increased comorbidity burden 
on TTE parameters was observed. It has been observed 
that RVFAC, sPAP, and IVC measurements, frequently 
used in the evaluation of RDV, are important predictors 
of mortality rates in patients followed in intensive care 
due to pneumonia.

Limitation

Our study is a single-center and retrospective study. Sin-
ce TTE data were obtained in the intensive care environ-
ment, attention was paid to sterilization rules. For this re-
ason, detailed and time-consuming measurements were 
avoided for patient safety. Data from RV strain measure-
ments, 3D TTE, and CMRI imaging could not be compared. 

Confl ict of interest:
The authors declare that the research was conducted in 
the absence of any commercial or fi nancial relationships 
that could be construed as potential confl ict of interest.

Funding 
This research received no external funding.

Ethical statement 
The study was conducted in accordance with the Declara-
tion of Helsinki and approved by the Atatürk University 
non-invasive clinical research ethics committee ( Approval 
date 27/12/2024, Approval Code:B.30.2.ATA.0.01.00/43).

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

Data availability statement 
The data that support the fi ndings of this study are avail-
able from the corresponding author upon a reasonable 
request.

References
 1.  Gorter TM, van Veldhuisen DJ, Bauersachs J, et al. Right heart 

dysfunction and failure in heart failure with preserved ejection 
fraction: mechanisms and management. Position statement 
on behalf of the Heart Failure Association of the European 
Society of Cardiology. Eur J Heart Fail 2018;20:16–37. 

 2.  Ghio S, Gavazzi A, Campana C, et al. Independent and additive 
prognostic value of right ventricular systolic function and 
pulmonary artery pressure in patients with chronic heart 
failure. J Am Coll Cardiol 2001;37:183–188.

 3.  Masaidi M, Cuspidi C, Negri F, et al. Left and right ventricular 
structural changes in obese hypertensives. Blood Press 
2009;18:23–29. 

427_435_Puvodni_sdeleni_SARAC.indd   434427_435_Puvodni_sdeleni_SARAC.indd   434 19/09/2025   14:11:5019/09/2025   14:11:50



İ. Saraç 435

 4.  Dini FL, Demmer RT, Simioniuc A, et al. Right ventricular 
dysfunction is associated with chronic kidney disease and 
predicts survival in patients with chronic systolic heart failure. 
Eur J Heart Fail 2012;14:287–294. 

 5.  Gorter TM, Hoendermis ES, van Veldhuisen DJ, et al. Right 
ventricular dysfunction in heart failure with preserved ejection 
fraction: a systematic review and meta-analysis. Eur J Heart Fail 
2016;18:1472–1487. 

 6.  Aschauer S, Kammerlander AA, Zotter-Tufaro C, et al. The 
right heart in heart failure with preserved ejection fraction: 
insights from cardiac magnetic resonance imaging and invasive 
haemodynamics. Eur J Heart Fail 2016;18:71–80. 

 7.  Mohammed SF, Hussain I, AbouEzzeddine OF, et al. Right 
ventricular function in heart failure with preserved ejection 
fraction: a community-based study. Circulation 2014;130:2310–
2320. 

 8.  Morris DA, Gailani M, Vaz Pérez A, et al. Right ventricular 
myocardial systolic and diastolic dysfunction in heart failure 
with normal left ventricular ejection fraction. J Am Soc 
Echocardiogr 2011;24:886–897. 

 9.  Lang RM, Badano LP, Mor-Avi V, et al. Recommendations for 
cardiac chamber quantifi cation by echocardiography in adults: 
an update from the American Society of Echocardiography 
and the European Association of Cardiovascular Imaging. J Am 
Soc Echocardiogr 2015;28:1.e14–39.e14. 

 10.  Antit S, Bousnina S, Fathi M, et al. Echocardiographic 
Predictive Factors of Worsening Outcome in Type 1 
Cardiorenal Syndrome. J Saudi Heart Assoc 2024;36:42–52. 

 11.  Chiba T, Kajiyama T, Kondo Y, et al. Right ventricular systolic 
function as a predictor of appropriate ICD therapy. Clin Res 
Cardiol 2024;113:1469–1477. 

 12.  Ghidini S, Gasperetti A, Winterton D, et al. Echocardiographic 
assessment of the right ventricle in COVID-19: a systematic 
review. Int J Cardiovasc Imaging 2021;37:3499–3512. 

 13.  Grignola JC, Domingo E. Acute Right Ventricular Dysfunction 
in Intensive Care Unit. Biomed Res Int 2017;2017:8217105. 

 14.  Lanspa MJ, Cirulis MM, Wiley BM, et al. Right Ventricular 
Dysfunction in Early Sepsis and Septic Shock. Chest 
2021;159:1055–1063. 

 15.  Shen L, Jhund PS, Anand IS, et al. Incidence and Outcomes of 
Pneumonia in Patients With Heart Failure. J Am Coll Cardiol 
2021;77:1961–1973. 

 16.  Patel P, Ruge M, Gomez JMD, et al. Prognostic value of H(2)
FPEF score in COVID-19. Am Heart J Plus 2022;13:100111. 

 17.  Tuta-Quintero E, Goyes ARB, Guerrón-Gómez G, et al. 
Comparison of performances between risk scores for 
predicting mortality at 30 days in patients with community 
acquired pneumonia. BMC Infect Dis 2024;24:912. 

 18.  Mandell LA, Wunderink RG, Anzueto A, et al. Infectious 
Diseases Society of America/American Thoracic 
Society consensus guidelines on the management of 
community-acquired pneumonia in adults. Clin Infect Dis 
2007;44(Suppl.2):S27–S72. 

 19.  Reddy YNV, Carter RE, Obokata M, et al. A Simple, Evidence-
Based Approach to Help Guide Diagnosis of Heart Failure With 
Preserved Ejection Fraction. Circulation 2018;138:861–870.

 20.  Pagnesi M, Baldetti L, Beneduce A, et al. Integrated clinical 
role of echocardiography in patients with COVID-19. Heart 
2020;106:1864–1865. 

 21.  Melenovsky V, Hwang SJ, Lin G, et al. Right heart dysfunction 
in heart failure with preserved ejection fraction. Eur Heart J 
2014;35:3452–3462. 

 22.  Guazzi M, Bandera F, Pelissero G, et al. Tricuspid annular plane 
systolic excursion and pulmonary arterial systolic pressure 
relationship in heart failure: an index of right ventricular 
contractile function and prognosis. Am J Physiol Heart Circ 
Physiol 2013;305:H1373–H1381. 

 23.  Gorter TM, van Veldhuisen DJ, Voors AA, et al. Right 
ventricular-vascular coupling in heart failure with preserved 
ejection fraction and pre- vs. post-capillary pulmonary 
hypertension. Eur Heart J Cardiovasc Imaging 2018;19:425–432. 

 24.  Liu Y, Xie J, Gao P, Tian R, et al. Swollen heart in COVID-19 
patients who progress to critical illness: a perspective from 
echo-cardiologists. ESC Heart Fail 2020;7:3621–3632. 

 25.  Li Y, Fang L, Zhu S, et al. Echocardiographic Characteristics and 
Outcome in Patients With COVID-19 Infection and Underlying 
Cardiovascular Disease. Front Cardiovasc Med 2021;8:642973. 

 26.  Haddad F, Hunt SA, Rosenthal DN, Murphy DJ. Right 
ventricular function in cardiovascular disease, part I: Anatomy, 
physiology, aging, and functional assessment of the right 
ventricle. Circulation 2008;117:1436–1448. 

 27.  Mahmoud-Elsayed HM, Moody WE, et al. Echocardiographic 
Findings in Patients With COVID-19 Pneumonia. Can J Cardiol 
2020;36:1203–1207. 

 28.  Bleakley C, Singh S, Garfi eld B, et al. Right ventricular 
dysfunction in critically ill COVID-19 ARDS. Int J Cardiol 
2021;327:251–258. 

 29.  Moody WE, Mahmoud-Elsayed HM, Senior J, et al. Impact 
of Right Ventricular Dysfunction on Mortality in Patients 
Hospitalized With COVID-19, According to Race. CJC Open 
2021;3:91–100. 

 30.  Patel BV, Arachchillage DJ, Ridge CA, et al. Pulmonary 
Angiopathy in Severe COVID-19: Physiologic, Imaging, 
and Hematologic Observations. Am J Respir Crit Care Med 
2020;202:690–699.  

427_435_Puvodni_sdeleni_SARAC.indd   435427_435_Puvodni_sdeleni_SARAC.indd   435 19/09/2025   14:11:5019/09/2025   14:11:50



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


