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Risk Assessment of Development of the Major Adverse 
Cardiac Events in Patients with Chronic Heart 
Failure with a Preserved and Intermediate Ejection 
Fraction in the Presence of a Bendopnea Symptom

Aim	 To evaluate the risk of major cardiovascular complications (CVC) in patients with chronic heart failure 
(CHF) with intermediate and preserved ejection fraction (EF) depending on the presence of bendopnea 
symptom.

Material and methods	 The study included 104 patients with stage II CHF and left ventricular EF ≥40 %. Mean age of the patients 
was 72.8±10.6 years. A test for detection of bendopnea symptom was performed for all patients. Two 
groups were formed: group 1, 69 patients with the bendopnea symptom and group 2, 35 patients with 
a negative test. Follow-up duration was 24 months. The composite endpoint (CEP) was death and 
hospitalization for any CVC.

Results	 Mean time to the bendopnea symptom was 17.3±6.61 s. At two years of follow-up, the CEP was observed 
in 36 (34.6 %) patients, including 30 (43.5 %) patients in group 1 and 6 (17.1 %) patients in group 2. 
12 patients died, and 9 of them had the bendopnea symptom. 21 patients of group 1 were hospitalized 
for CVC. Risk of CEP was significantly 1.7 times higher for men (relative risk, RR 1.7 [1.1; 2.6]) than 
for women. The presence of bendopnea symptom increased the risk of CEP 1.4 times (ОР 1.4 [1.1;1.9]) 
for women and 2.3 times (RR 2.3 [1.4; 3.6]) for men.

Conclusion	 Results of the study demonstrated an unfavorable effect of bendopnea symptom on risk of CEP during 
the two-year follow-up of CHF patients with preserved and intermediate EF.
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The growing quality and availability of medical care 
in the Russian Federation contribute to the increase 

in life expectancy, including of comorbid patients. As  a 
result, we are seeing more patients who survive until 
heart failure. An increasing number of chronic heart 
failure (CHF) patients present with ejection fraction (EF) 
greater than 50%. CHF is an outcome of high social and 
economic relevance that has a significant effect on the rate 
of hospitalizations, disability, and mortality of patients [1].

Breathing problems are one of the main complaints 
of patients with CHF. Any breathing problem, whether 
orthopnea, paroxysmal nocturnal dyspnea, or shortness 
of breath during physical activity or at rest, is indicative of 
abnormal intracardiac hemodynamics and the involvement 
of the heart chambers in a pathological process. In 2014, 
another breathing problem in patients with CHF was 
described, bendopnea, i.e., shortness of breath when 
bending over. It reflects an increased right atrial pressure 

causing increased pulmonary capillary wedge pressure 
(PСWP) [2].

Clinical interest in the bendopnea test is high because 
it is easy to check for this symptom in a doctor’s office. 
The test is simple and requires no additional instruments. 
However, the use of bendopnea as a symptom to assess the 
survival prognosis for patients with CHF remains unsettled. 
Several studies have examined the effect of  bendopnea 
on the risk of adverse outcomes in patients with systolic 
dysfunction, but the effect of bendopnea on survival 
and the risk of  hospitalization in patients with diastolic 
dysfunction is not yet well known [4-6].

Our objective was to assess the risk of major 
cardiovascular complications (CVDs), including myo
cardial infarction and brain infarction, hospitalization for 
decompensated CHF, and cardiovascular death, in patients 
with CHF with intermediate and preserved EF, depending 
on the presence or absence of bendopnea [3].
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Material and Methods

The study was carried out under the International 
Conference on Harmonization guideline for Good Clinical 
Practice (ICH–GCP). The Long-Term Management 
of Patients with Comorbidities Register (1 040 outpatient 
case records) was analyzed, and outpatient case records 
containing the following data were selected:
1) Diagnosis of CHF;;
2) �Echocardiographic findings within 3 mos prior  

to the study.
Criteria for inclusion in the study were:
Age ≥55 yrs for female patients and ≥60 yrs for male 

patients; Established and verified diagnosis of stage II CHF; 
Sustainable therapy under the CHF treatment standards for 
3 mos before inclusion; Left ventricular EF 40% or more 
according to the echocardiographic examination within 
the previous 3 mos; Signed informed consent form to 
participate in the study. Criteria for exclusion were: Highly 
doubtful collaboration with the patient during the study; 
Low compliance with treatment for social, psychological, 
economic, or other reasons; Incapacity; Chronic obstruc
tive pulmonary disease, asthma, cancer, anemia of any 
origin, acquired and congenital valvular heart disease; 
Alcohol or substance abuse; Surgical intervention within 
3 mos of the study.

119 patients met the criteria for inclusion, but only 
104 patients could be contacted and included in the 
final analysis. All included patients were invited to an 
appointment, during which they were subjected to the 
bendopnea test, the severity of CHF was established, and 
other breathing symptoms were detected. The patients 
were divided into two groups based on the test results: 
Patients with bendopnea (Group 1, n=69); Patients 
without bendopnea (Group 2, n=35). These patients were 
followed for 24 mos, and a composite endpoint (CE) was 
evaluated: Death/hospitalization for any CVD.

Bendopnea test
For the Bendopnea test, the patient rested on a chair for 

5 min, then bent forward as if tying shoelaces or putting 
on socks. If shortness of breath occurred within 30 sec 
after the test was started, the patient was required to report 
this to the physician, who recorded the time in seconds of 
symptom onset. The test was stopped at 30 sec. If shortness 
of breath had not occurred within 30 sec while the patient 
was bending, the test was considered negative, i.e., no 
bendopnea.

Statistical analysis
The findings were statistically analyzed using the R 

language and the Rstudio software environment. According 
to results of Shapiro-Wilk and Kolmogorov-Smirnov tests 

of data normality, nonparametric or parametric statistical 
analyses were used. Quantitative values are represented 
as the mean (M) and standard deviation (SD) or as the 
median and 25th;75th percentiles. Analysis of variance 
(ANOVA) was used to verify differences between mean 
values of variables. The Student’s T-test and the Mann–
Whitney U-test were used for normal and non-normal 
distributions, respectively. If the data were on a nominal 
scale, differences were evaluated with Pearson’s chi-squared 
test. To investigate a risk and/or odds of occurrence of an 
event, 2×2 tables were constructed, and relative risks (RR) 
and odds ratios (OR) were calculated The Cox proportional 
hazard model and Kaplan–Meier curves were applied to 
evaluate the time dependent risk of an event. The null 
hypothesis was rejected at the significance level of p<0.05.

Results
A positive bendopnea test result was obtained 

in  69  (66.4%) patients (Group 1) and negative result 
in 35 (33.6%) patients (Group 2). The mean time to onset 
of bendopnea was 17.3±6.6 sec.

 Major clinical characteristics
All patients included in the study (n=104) initially 

had similar major, clinical characteristics regardless of the 
presence of bendopnea (Table 1). The mean age of patients 
was 72.8±10.6 yrs. In Group 1, the mean waist circumference 
was 102±12 cm (male patients, 114±13 cm; female patients, 
100±9 cm). In Group 2 this circumference was 103± 14 cm 
(male patients, 102±10 cm; female patients, 105±16 cm) 
(p=0.682). The disease profile for both groups included 
coronary artery disease and/or hypertensive heart disease, 
and/or atrial fibrillation. In Group 1, 25 (36.2%) patients 
had type 2 diabetes mellitus; in Group 2, 11 (31.4%) had this 
disease. Fourteen patients received insulin therapy.

Severity of CHF
The breakdown of Group 1 patients by CHF functional 

class (FC) was 9 FC I (13.0%), 35 FC II (50.7%), 25 FC III 
(36.2%). In Group 2, this breakdown was 8 FC I (22.9%), 
20 FC II (57.1%), 6 FC III (17.1%), 1 FC IV (2.9%) 
(p=0.09).

In the study cohort of 104 patients, 36 (34.6%) had 
paroxysmal nocturnal dyspnea, including 27 (75%) with 
a concomitant symptom of bendopnea. Orthopnea was 
identified in 82 (78.8%) patients, including 56 (68.3%) 
with bendopnea. Dyspnea was identified in 99 (95%) 
patients, including 66 (67%) with bendopnea.

Effect of bendopnea on CE
The median follow-up period was 24.4 mos in both 

study groups. After two yrs of follow-up, CE was detected 



50 ISSN 0022-9040. Kardiologiia. 2020;60(4). DOI: 10.18087/cardio.2020.4.n1043

ORIGINAL ARTICLES§

in 36 (34.6%) patients, including 30 (43.5%) in  Group 1 
and 6 (17.1%) in Group 2. Twelve patients died, including 
9 (75%) with symptom of bendopnea. In Group 1, 
21 patients were hospitalized due to cardiovascular compli
cations (CVCs).

Kaplan–Meier curves were applied to analyze CE in 
patients of both study groups (Figure 1). The risk of CE 
within 2 yrs was significantly higher in the group of patients 
with bendopnea. Figure 2 shows that most CEs occurred 
before Day 200 of follow-up.

In the first step of building the Cox proportional risk 
model, all predictors with a binary response were included. 
Later, predictors that did not affect the model were 
excluded from the analysis. 

In the second step, a model was built with only 
significant predictors, which allowed identifying the two 
predictors with the most significant effect on the increase 

in the risk of CE, sex and bendopnea (see Figure 2). The 
risk of CE significantly increased 1.7-fold in male patients 
(RR 1.7 [1.1; 2.6]) versus female patients (RR 0,5 (0,3; 
0,9). The presence of bendopnea increased the risk of CE 
1.4-fold (RR 1.4 [1.1; 1.9]), and bendopnea in male 
patients increased the risk 2.3-fold (RR 2.3 [1.4; 3.6]), 
in female RR 5,8 (0,82; 41,3) (Figure 3).

Discussion
In 2014, Thibodeau et al. [2] directly compared 

intracardiac hemodynamics in patients with and without 
positive bendopnea symptoms. This generated interest 
in a new symptom of heart failure. Patients with positive 
bendopnea symptoms had higher right ventricular pressure 
and PСWP. On the other hand, cardiac index did not 
change during the bendopnea test in patients with positive 
symptoms.

Table 1. Clinical characteristics of the group (at the time of inclusion in the study n=104)

Parameter Group 1 (n=69) Group 2 (n=35) p

Age, yrs 72.2±10.5 72.1±10.7 0.68

Sex, m/f (n) 40 / 29 18 / 17 0.67

SBP, mm Hg 128.5±16.2 125.3±20.1 0.36

DBP, mm Hg 77.1±11.2 74.9±11.4 0.23

Pulse BP, mm Hg 50.6±13.2 49.9±15.9 0.62

HR, bpm 70.9±9.8 73.1±11.8 0.8

Waist circumference, cm 101.8±12 103.2±14.3 0.68
BMI, kg/m2 31.5±5.0 29.8±5.5 0.15

Diabetes mellitus, % (n) 36.2 (25) 31.4 (11) 0.78

CAD, % (n) 87 (60) 82.9 (29) 0.78

Hypertensive heart disease, % (n) 97.1 (67) 91.9 (32) 0.42

Atrial fibrillation, % (n) 33.3 (23) 37.1 (13) 0.86

Cerebrovascular disease, % (n) 71 (49) 62.9 (22) 0.53

CKD, % (n) 57.6 (60) 25.9 (27) 0.13

Creatinine, μmol/l 103±42.1 96.9±24.8 0.47

GFR (CKD EPI) ml/min/1.73 m2 58.2±16.5 61.2±18 0.33

Total cholesterol, mmol/l 4.9±1.4 4.7±1.2 0.41

LDL, mmol/l 2.8±1.2 2.4±0.9 0.4

TG, mmol/l 1.9±1.6 1.5±1.0 0.06

HbА1С, % 6.5±1.3 6.3±1.7 0.24

EF, % 55.3±9.8 49.8±12.3 0.024

LV myocardial mass index, kg / m2 127.7±43.6 139±41.4 0.21

ACE inhibitors, % (n) 40.5 (28) 40 (14) 0.15

Angiotensin II receptor antagonists, % (n) 45.5 (33) 52 (19) 0.26

Beta blockers, % (n) 69.5 (48) 82.8 (29) 0.38

Mineralocorticoid receptor antagonists, % (n) 44.9 (31) 51.4 (18) 0.29

Diuretics, % (n) 52.2 (36) 57.2 (20) 0.34

SBP, systolic blood pressure; DBP, diastolic blood pressure; BP, blood pressure; HR, heart rate; BMI, body mass index;  
CAD, coronary artery disease; CKD, chronic kidney disease; GFR, glomerular filtration rate; LDL, low-density lipoproteins;  
HbA1C, glycated hemoglobin; EF, ejection fraction; LV, left ventricle; ACE, angiotensin-converting enzyme.
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According to current understanding of the physiology 
of intracardiac hemodynamics, diastolic PСWP corres
ponds to left atrial filling pressure. Since left atrial diastolic 
pressure reflects left ventricular diastolic pressure, it 
possible to use PСWP to assess left ventricular diastolic 
function, i.e., we can estimate left ventricular overload. 
Thus, the results of the bendopnea test show if  fluid is 
retained in the pulmonary circulation [2].

According to a meta-analysis [4], the prevalence of 
bendopnea in patients with systolic CHF ranges from 18 
to 33%, regardless of age and sex. Moreover, this meta-
analysis showed no significant association between the 
presence of bendopnea and such concomitant diseases 
as chronic obstructive pulmonary disease, diabetes 
mellitus, hypertension, hypertensive heart disease, or atrial 
fibrillation [3, 5-7].

The effect of abdominal obesity on the risk of bendopnea 
is often debated, but there is no consensus in the published 
papers. Some studies showed a relationship between 
abdominal obesity and bendopnea [6, 7]. However, 
Thibodeau et al. [2] (28% of patients had bendopnea), 
and we [8] (42 patients with bendopnea included in the 
study) did not detect such a relationship. In the present 
study, the bendopnea and control groups had comparable 
waist circumference and body mass index (BMI). Mean 
BMI in Group 1 was 31.5±5.0 kg/m2, and it was 29.8±5.5 
kg/m2 in Group 2 (p=0.1585). Thus, we were not able to 
estimate the effect of obesity on the risk of bendopnea as 
the groups were homogenous. This issue should be studied 
individually.

Studyof bendopnea have shown sex differences 
between patients. The male sex was shown to be in
trinsically associated with bendopnea (OR 8.45, 95% 

p=0.0014
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CI 2.5–28.5) [9] and to have a significant effect on the risk 
of re-hospitalization [10]. Our findings are comparable 
to the results of that study. For example, bendopnea 
increased by 2.3-fold the risk of adverse outcomes in male 
patients (RR 2.3 [1.4; 3.6]). However, the effect of sex 
on the development of adverse outcomes in patients with 
bendopnea should be studied in a larger population.

There are still no large population-based clinical trials 
to assess adverse outcomes in patients with CHF and 
bendopnea. For example, Sajeev et al. [10] showed a 
higher rate of hospitalizations due to CHF in patients with 
orthopnea versus bendopnea. However, it should be noted 
that the study group included twice as many patients with 
orthopnea than with bendopnea. 

The association of bendopnea with the risk of death in 
patients was not studied in that trial, which, according to 
the authors, was due to a small sample and a short follow-
up period of 12 mos. It is worth noting that the published 
studies of bendopnea did not exceed a 12-mo follow-up 
period in most cases, whereas the duration of our study 
was 2 yrs. Baeza-Trinidad et al. [11] studied patients for 6 
mos and found that bendopnea was associated with higher 
mortality. 

However, these findings are questionable, because the 
study included patients with decompensated CHF and 
a mean age of 81.8±8.3 yrs. All patients had reduced EF, 
which certainly was associated with more severe conditions 
[6, 11]. Our study included younger patients with mean age 
72.8±10.6 yrs. There were no patients with systolic CHF 
in the study cohort, and the percentage of patients with 
decompensated CHF was 30%. Our study also showed a 
significant 1.4-fold increase (RR 1.4 [1.1; 1.9]) in the risk 

of CEs (death, hospitalization due to decompensated CHF 
or other CVCs) in patients with bendopnea.

In 2017, Thibodeau et al. [5] published an observational 
study that had been carried out in a group of outpatient 
patients with positive bendopnea symptoms. Unlike in 
our study, adverse outcomes in the Thibodeau et al. study 
occurred within the first 3 mos of follow-up. Our findings 
showed a statistically significant increase in the number 
of outcomes by Day 200 of the follow-up period. This 
difference might be due to the fact that, unlike our cohort, 
Thibodeau et al. mostly included patients with FC III and 
FC IV CHF [5].

Earlier, we discussed the possibility of using bendopnea 
as a marker of decompensated CHF. It was shown that the 
combination of FC III CHF and bendopnea increased by 
4.8-fold the risk of decompensation (OR 4.8, 95% CI 1.5–
15.1) [8].

Conclusion
Thus, the results of our study demonstrate the adverse 

effect of bendopnea on the risk of occurrence of a 
composite endpoint within the 2-yr follow-up of patients 
with CHF having intermediate and preserved EF.

Limitations of the study
A small number of deaths required us to assess CEs. The 

research team was not involved in the treatment process; 
they only observed.
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*– p<0.05; **– p<0.001.
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