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avtorTa sayuradRebod!

redaqciaSi statiis warmodgenisas saWiroa davicvaT Semdegi wesebi:

 1. statia unda warmoadginoT 2 calad,  rusul an inglisur enebze, dabeWdili 
standartuli furclis 1 gverdze,  3 sm siganis marcxena velisa da striqonebs 
Soris 1,5 intervalis dacviT. gamoyenebuli kompiuteruli Srifti rusul da ing-
lisurenovan teqstebSi - Times New Roman (Кириллица), xolo qarTulenovan teqstSi 
saWiroa gamoviyenoT AcadNusx. Sriftis zoma – 12. statias Tan unda axldes CD 
statiiT. 
 2. statiis moculoba ar unda Seadgendes 10 gverdze naklebs da 20 gverdze mets 
literaturis siis da reziumeebis (inglisur, rusul da qarTul enebze) CaTvliT.
 3. statiaSi saWiroa gaSuqdes: sakiTxis aqtualoba; kvlevis mizani; sakvlevi 
masala da gamoyenebuli meTodebi; miRebuli Sedegebi da maTi gansja. eqsperimen-
tuli xasiaTis statiebis warmodgenisas avtorebma unda miuTiTon saeqsperimento 
cxovelebis saxeoba da raodenoba; gautkivarebisa da daZinebis meTodebi (mwvave 
cdebis pirobebSi).
 4. statias Tan unda axldes reziume inglisur, rusul da qarTul enebze 
aranakleb naxevari gverdis moculobisa (saTauris, avtorebis, dawesebulebis 
miTiTebiT da unda Seicavdes Semdeg ganyofilebebs: mizani, masala da meTodebi, 
Sedegebi da daskvnebi; teqstualuri nawili ar unda iyos 15 striqonze naklebi) 
da sakvanZo sityvebis CamonaTvali (key words).
 5. cxrilebi saWiroa warmoadginoT nabeWdi saxiT. yvela cifruli, Sema-
jamebeli da procentuli monacemebi unda Seesabamebodes teqstSi moyvanils. 
 6. fotosuraTebi unda iyos kontrastuli; suraTebi, naxazebi, diagramebi 
- dasaTaurebuli, danomrili da saTanado adgilas Casmuli. rentgenogramebis 
fotoaslebi warmoadgineT pozitiuri gamosaxulebiT tiff formatSi. mikrofoto-
suraTebis warwerebSi saWiroa miuTiToT okularis an obieqtivis saSualebiT 
gadidebis xarisxi, anaTalebis SeRebvis an impregnaciis meTodi da aRniSnoT su-
raTis zeda da qveda nawilebi.
 7. samamulo avtorebis gvarebi statiaSi aRiniSneba inicialebis TandarTviT, 
ucxourisa – ucxouri transkripciiT.
 8. statias Tan unda axldes avtoris mier gamoyenebuli samamulo da ucxo-
uri Sromebis bibliografiuli sia (bolo 5-8 wlis siRrmiT). anbanuri wyobiT 
warmodgenil bibliografiul siaSi miuTiTeT jer samamulo, Semdeg ucxoeli 
avtorebi (gvari, inicialebi, statiis saTauri, Jurnalis dasaxeleba, gamocemis 
adgili, weli, Jurnalis #, pirveli da bolo gverdebi). monografiis SemTxvevaSi 
miuTiTeT gamocemis weli, adgili da gverdebis saerTo raodenoba. teqstSi 
kvadratul fCxilebSi unda miuTiToT avtoris Sesabamisi N literaturis siis 
mixedviT. mizanSewonilia, rom citirebuli wyaroebis umetesi nawili iyos 5-6 
wlis siRrmis.
 9. statias Tan unda axldes: a) dawesebulebis an samecniero xelmZRvane-
lis wardgineba, damowmebuli xelmoweriTa da beWdiT; b) dargis specialistis 
damowmebuli recenzia, romelSic miTiTebuli iqneba sakiTxis aqtualoba, masalis 
sakmaoba, meTodis sandooba, Sedegebis samecniero-praqtikuli mniSvneloba.
 10. statiis bolos saWiroa yvela avtoris xelmowera, romelTa raodenoba 
ar unda aRematebodes 5-s.
 11. redaqcia itovebs uflebas Seasworos statia. teqstze muSaoba da Se-
jereba xdeba saavtoro originalis mixedviT.
 12. dauSvebelia redaqciaSi iseTi statiis wardgena, romelic dasabeWdad 
wardgenili iyo sxva redaqciaSi an gamoqveynebuli iyo sxva gamocemebSi.

aRniSnuli wesebis darRvevis SemTxvevaSi statiebi ar ganixileba.
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PATIENTS WITH ACUTE DECOMPENSATED HEART FAILURE
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Abstract.
Background: Acute decompensated heart failure (ADHF) 

is greatly influenced by levels of brain-natriuretic peptides 
(BNP) and thereby may have strong correlation with severity of 
mitral regurgitation (MR) and left ventricular ejection fraction 
(LVEF). The available data on its association is limited which 
sought us to investigate correlations between type of ADHF, 
BNP levels and severity of MR. 

Methods: A single-center, cross-sectional, observational 
study was conducted at Sri Ramachandra Institute of Higher 
Education and Research, Chennai, India. Adults aged >18 years, 
either gender, diagnosed as ADHF requiring hospital admission 
within 24 hours were incorporated into the research.

Results: Between June 2019 to June 2020, we included 79 
patients of ADHF. The mean age was 64.9±11 years and 60.8% 
were males. The mean LVEF was 40.2±10.2%. The severity 
of MR was severe, moderate, and mild in 3.8%, 21.5% and 
74.7% of patients, respectively. The proportion of patients 
with moderate to severe MR was significantly higher in ADHF 
patients with reduced EF compared to mid-range or preserved 
EF. The median levels of BNP significantly increased from 
520.0 pg/ml in mild MR to 1020.0 pg/ml in moderate and 
1410.0 pg/ml in severe MR. 

Conclusion: In patients with ADHF, MR is a common 
finding. The severity of MR is associated with greater reduction 
in ejection fraction. Determination of MR severity is essential 
in all ADHF cases. Further, stratification of patients using BNP 
levels may help in identifying those at higher risk of adverse 
outcomes in ADHF.

Key words. Acute decompensated heart failure, brain-
natriuretic peptide, mitral regurgitation, left ventricular 
dysfunction.
Introduction.

Heart failure (HF) is a global pandemic estimated to affect 
nearly 26 million individuals worldwide [1]. The overall lifetime 
risk of getting HF is estimated to be 33% for men and 28% 
for women [2]. Acute decompensated heart failure (ADHF) 
develops often in patients with pre-existing HF. Factors such 
as multiple comorbidities, age, stress, medications, etc. can 
be contributory in precipitation to ADHF [3]. Such factors are 
often complex and interlinked. However, there may not be a 
clearly defined precipitant in nearly 40–50% of ADHF patients 
[4]. Multiple factors affect the outcome of patients with ADHF. 
Among such factors, Mitral regurgitation (MR) worsens 
ADHF outcomes [5-7]. Nearly, 50% of ADHF patients may 
have moderate to severe left ventricular dysfunction (LV) as 
indicated by reduced ejection fraction (EF) <40% and other half 

will thus have preserved LV function [8]. More severe MR has 
been linked to worse outcomes in ADHF patients with either 
diminished or intact EF [6,9].

Brain natriuretic peptide (BNP) is a known biomarker for HF. 
Presence of MR in ADHF patients is known to be associated 
with significantly raised BNP levels [10]. Even in patients with 
asymptomatic severe MR but without HF, baseline BNP of 
>105 pg/mL was reported to be associated with worse outcomes 
at one year [11]. In MR patient, some investigators advised 
BNP in conjunction with traditional imaging modalities for 
risk-stratification [12]. ADHF is common in Indian setting. A 
study from North India reported ADHF with reduced LVEF 
(ADHFrEF) in 77% of total 428 ADHF patients [13]. ADHF 
in Indian is identified to be more common in younger ages 
with long-term mortality rates and also higher in-hospital [14]. 
Given the significant presence of HF with ADHF in India, it 
is essential to determine the MR prevalence in such patients 
and its relationship to BNP levels. Therefore, we explored this 
association in patients with ADHF. 
Materials and Methods.

This cross-sectional, single-center, observational study 
was carried out at the Sri Ramachandra Institute of Higher 
Education and Research in India. This study was conducted 
as per principals of ICH-GCP, declaration of Helsinki 1964, 
as revised in 2013 and as per applicable regulatory guidelines 
in India. The study was authorized by the institutional ethical 
committee. Written informed consent was acquired from every 
individual involved.

For inclusion, patients with an ADHF diagnosis who were 
hospitalized to the cardiac intensive care unit underwent 
screening. Adults aged 18 years and above, either gender, 
diagnosed as ADHF, participants who agreed to take part in the 
research were included. Patients who were not in decompensated 
state, non-cooperative patients, pregnant and lactating females, 
previously diagnosed significant valvular disease, patients with 
pulmonary embolism, patients diagnosed malignancy, or any 
other disorders known to raise BNP levels were excluded. All 
the eligible patients were included within 24 hours of admission 
to the hospital.

ADHF was diagnosed clinically. The 2016 European Society 
of Cardiology guidelines refer to acute heart failure as worsening 
of symptoms or rapid onset and/or signs of HF which is life-
threatening situation necessitating urgent hospital admission 
[15]. After admission, a comprehensive transthoracic ECHO 
examination including color Doppler and spectral imaging was 
performed using (GE Vivid E95). A single, trained cardiologist 
examined all the echocardiographic examinations. LV ejection 
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Association of MR severity with type of HF:
Table 3 shows the association of severity of MR with type of 

HF. Among patients with ADHFrEF, MR was severe, moderate, 
and mild in 6%, 30% and 64% cases, respectively. In those with 
ADHFmrEF and ADHFpEF, most of the patients had mild MR 
(93.3% and 92.9%).
Association of severity of MR and ADHF types with BNP 
levels:

The median levels of BNP significantly increased from 520.0 
pg/ml (IQR25-75:137.0 – 953.0) in mild MR to 1020.0 pg/ml 
(IQR25-75: 570.0 - 2375) in moderate MR and to 1410.0 pg/ml 
(IQR25-75: 790.3 – 1430.0) severe MR. There was no significant 
difference in the median levels of BNP in patients with different 
severity ADHF (Table 4).

fraction was determined by the equation as follows:  LVEF = 
[SV/EDV] x 100 where, EDV: end-diastolic volume and SV 
is stroke volume. Patients were categorized as ADHF with 
preserved EF (ADHFpEF), mid-range ADHF (ADHFmrEF) 
and ADHF with reduced EF (ADHFrEF) using EF threshold of 
≥50%, 41 to 49% and ≤40% respectively [15].

As per the American Society of Echocardiography's 
recommendations, different qualitative and quantitative 
variables were determined to ascertain the MR severity [17]. 
Based on such variables, MR was classified in mild, moderate, 
and severe categories as shown in Table 1. For BNP levels, we 
collected venous blood sample within 24 hours of admission. 
Fluorescence immunoassay was used to detect BNP.
Statistical analysis:

For this investigation, a standard sample size analysis was 
not performed. Patients who met the exclusion and inclusion 
criteria one after the other were enrolled for an entire year, 
from June 2019 to June 2020. The data from patient’s records 
was transferred in the case record form and was then entered 
in the Microsoft excel sheets. The data was represented using 
the interquartile range and median for non-normally distributed 
variables and the mean and standard deviation for normally 
distributed continuous variables. Accordingly, Kruskal Wallis 
test or Student t-test were employed to evaluate the statistical 
differences in such variables. The frequency and percentages 
of categorical variables were displayed, and the Chi-square test 
or Fischer exact test were employed to evaluate the statistical 
differences. For all statistical comparisons, P value <0.05 was 
considered as significant. 
Results.
Baseline characteristics:

Between June 2019 and June 2020, we enrolled 79 patients 
with ADHF. Table 2 depicts the baseline characteristic of the 
patients. The mean age was 64.9±11.8 years and most patients 
were above the age of 60 years. Proportion of males was higher 
than females (60.8% vs 39.2% respectively). In all patients, 
ischemic heart disease was HF etiology. Atrial fibrillation was 
detected in 7.9% of patients at the time of admission. Mean 
LVEF was 40.2±10.2%.
Severity of MR, and type of HF:

The severity of MR was severe, moderate, and mild in 3.8%, 
21.5% and 74.7% of patients respectively (Figure 1). Among 
ADHF patients, ADHFrEF, ADHFmrEF and ADHFpEF were 
identified in 63.3%, 19.0% and 17.7% of patients respectively 
(Figure 2).

MR Severity Central jet area Vena contracta 
width (cm)

For jets or eccentric jets with 0.3 to 0.6 cm intermediate vena contracta 
widths
Regurgitant 
volume (ml)

Regurgitant 
fraction (%)

Effective regurgitant orifice 
area (cm2)

Mild <20% of LA area ≤0.3 <30 <30 <0.2
Moderate >20%-<40% of LA area Intermediate 30 - 59 30 – 49 0.2 - 0.39
Severe >40% of LA area ≥0.7 ≥60 ≥50 ≥0.4 

Table 1. Classification of severity of mitral regurgitation on ECHO [17].

Parameter Observations
Age (years)
Mean±SD 64.9±11.8
Range 27 to 85
Age groups
≤40 3 (3.8)
41 to 50 7 (8.9)
51 to 60 14 (17.7)
61 to 70 27 (34.2)
>70 28 (35.4)
Gender
Male 48 (60.8)
Female 31 (39.2)
Serum creatinine (mg/dl)
Mean±SD 1.4±0.9
Range 0.5 to 5.5
Ejection fraction (%)
Mean±SD 40.2±10.2
Range 25 to 62

Table 2. Baseline characteristics.

Data presented as mean ± standard deviation (SD) or frequency (%).

Type of HF
Severity of MR P value
ADHFrEF 
(n=59)

ADHFmrEF 
(n=17)

ADHFpEF 
(n=13)

Mild (n=59) 32 (64.0) 14 (93.3) 13 (92.9)
0.079Moderate 

(n=17) 15 (30.0) 1 (6.7) 1 (7.1)

Severe (n=3) 3 (6.0) 0 0

Table 3. Association of severity of MR with LV dysfunction and type 
of heart failure.
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Discussion.
In this cross-sectional observational study of 79 patients with 

ADHF, MR was of severe, moderate, and mild degree in 3.8%, 
21.5% and 74.7% respectively. The severity of MR was non-
significantly associated with severity of HF. Also, significantly 
higher BNP levels observed with increasing severity of MR.

ADHF is a life-threatening situation which necessitates 
extreme intensive care. In Indian setting, ADHF is common 
in younger ages. A higher in-hospital and long-term mortality 
demands early diagnosis and appropriate care [14]. Multiple 
triggers are known to exacerbate the compensated HF. In 
ADHF, prevalence of arrhythmia such as AF, valvular disease, 
and dilated cardiomyopathy is observed with increasing 
frequency [8]. We observed AF in 7.9% of patients whereas 

ischemia or infarction as indicated by ST/T changes was seen in 
59.5% of patients. A study from Nigeria observed AF (19%) as 
most common rhythm abnormality in patients of HF. They also 
observed acute MI as important cause of HF which correlated 
with high in-hospital mortality (66.7%) [18].

Deterioration of MR in ADHF patients is of significant 
prognostic importance. Multiple studies established MR as a 
significant indicator of worse mortality outcomes in ADHF [5-
7]. A study from Wada et al. observed severe, moderate, and 
mild MR in 5%, 31% and 52% of ADHF patients [7]. This 
observation is similar to our results indicating MR of some 
degree is common in ADHF. The severity of MR is also observed 
to be associated with significant reduction in EF. Therefore, 
determining the severity of MR is especially important in 
the setting of declining EF. We observed that ADHFrEF was 
substantially higher in prevalence in patients with severe and 
moderate MR. A study from Kajimoto et al. reported that 
compared to patients without MR, MR of any severity (mild to 
severe) significantly increased the risk of primary endpoint of 
HF readmission and all-cause mortality in ADHF patients with 
preserved EF. In ADHF patients with reduced EF, moderate to 
severe MR had significantly higher risk of primary endpoint 
[5]. This indicates in ADHF any degree of MR may affect the 
outcomes. Therefore, all ADHF patients should be evaluated 
for MR severity to plan treatment strategies. With treatment 
of ADHF, improvement in MR may be expected. However, 
MR may persist despite the treatment. A study from Kubo et 
al. involved 563 ADHF patients with at least mild MR. They 
observed that patients who had persistent severe MR during 
the hospital stay or had change from severe to less severe 
(mild/moderate) at discharge had significantly higher rates of 
HF rehospitalization, composite of cardiac death, mitral valve 
intervention within 1-year [6].

BNP is an established marker for the diagnosis and prognosis 
of HF. We observed significantly higher levels of BNP with 
increasing severity of MR. In a study from Mayer et al., 
compared to no MR, MR of any severity was significantly 
associated with BNP levels. Also, BNP levels were associated 
with degree of severity of MR with mean levels of 835±400 pg 
/ml in mild MR and 953±356 pg/ml in patients with moderate/
severe MR [10]. BNP has been identified as prognostic marker 
in patients with MR. In a study from Pizarro et al. involving 
asymptomatic patients with chronic severe MR observed that 
BNP levels of ≥105 pg/ml discriminated patients at high risk 
of composite endpoint of symptoms of CHF, LV dysfunction, 
or death [19]. This evidence indicate patients with MR should 
undergo BNP assessment to determine the patients at higher 
risk of HF associated complications including death. The 
role of BNP in patients undergoing surgical management of 
MR has also been found to be promising but requires further 
confirmation in larger studies [12].
Limitations.

The study was limited by sample size and cross-sectional, 
observational design. A prospective design with determination 
of in-hospital and short-term outcomes would have provided 
more insights into the role of MR in modifying prognosis of 
ADHF. Also, a comparison to control population without MR 
would have proven the role of MR in prognosis of ADHF.

Severity grades BNP levels (pg/ml) P value
Mitral regurgitation
Mild 520.0 (137.0 – 953.0)

0.007Moderate 1020.0 (570.0 – 2375.0)
Severe 1410.0 (790.3 – 1430.0)
ADHF
ADHFrEF 679 (214.5 – 1372.5)
ADHFmrEF 142.0 (25.1 – 1120.0)
ADHFpEF 589 (402.5 – 1129.8)

Table 4. Distribution of BNP levels based on MR and LV dysfunction 
severity.

Figure 1. Severity of mitral regurgitation. Data presented as 
percentages.

Figure 2. Prevalence of preserved, mid-range and reduced ejection 
fraction heart failure. Data presented as percentages.
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Conclusion.
In patients of acute decompensated HF, MR is diagnosed with 

increasing frequency. The severity of MR is associated with 
greater reduction in ejection fraction. Increase in BNP levels are 
significantly associated with increasing severity of MR in acute 
decompensated HF. Identifying presence of MR along with 
determination of MR severity is essential in all ADHF cases. 
Further, stratification of patients using BNP levels may help in 
identifying those at higher risk of adverse outcomes in ADHF.
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