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Abstract

Background: Bendopnea, also known as flexi-dyspnea, has recently been defined as the development of
shortness of breath within 30 seconds by bending forward in patients with systolic and decompensated heart
failure. There is no clear data in the literature regarding acute coronary syndrome (ACS) patients and in-hos-
pital mortality. This study investigated the effect of the presence of bendopnea on in-hospital mortality in
ACS patients.

Materials and Methods: A cross-sectional analysis was conducted on patients admitted with ACS (unstable
angina and non-ST elevation myocardial infarction (NSTEMI)) between March 2023 and January 2024. The
presence of orthopnea, bendopnea, paroxysmal nocturnal dyspnea PND and venous jugular distention (VJD)
recorded. Coronary angiography was performed in all patients. A total of 395 patients were enrolled in this
study.

Results: The patients were divided into 2 groups as living and deceased. The deceased group was significantly
older. Bendopnea, PND, and orthopnea were statistically higher in the deceased group. left ventricular ejec-
tion fraction(LVEF) was statistically lower, syntax score was statistically higher in the deceased group. Age
(%95 C1:1.254-1.627 , OR: 1.411 p:0.001), uric acid (%95 Cl: 1.151-1.394 OR: 1.278 p:0.001), bendopnea (%95
Cl: 1.285-1.611 OR: 1.452 p: 0.001), syntax score (%95 Cl: 1.103-1.358 OR: 1.258 p:0.001) were shown to be
independent risk factors for mortality.

Conclusions: The presence of bendopnea in patients with ACS may be closely associated with in-hospital mor-
tality.
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0Oz

Amag: Flexi-dispne olarak da bilinen bendopne, son zamanlarda sistolik ve dekompanse kalp yetmezligi olan
hastalarda 6ne dogru egilerek 30 saniye icinde nefes darligi gelismesi olarak tanimlanmistir. Bu ¢alismada AKS
hastalarinda bendopne varliginin hastane i¢i mortalite tzerine etkisi arastirildi.

Materyal ve Metod: Mart 2023 ile Ocak 2024 arasinda AKS (kararsiz anjina ve ST yiikselmesiz miyokard en-
farkttsti (NSTEMI)) ile bagvuran hastalar tizerinde kesitsel bir analiz yapildi. Bendopne varligi kaydedildi. Tim
hastalara koroner anjiyografi yapildi. Bu calismaya toplam 395 hasta dahil edildi.

Bulgular: Hastalar yasayanlar ve élenler olarak 2 gruba ayrildi. Olen grup istatististiksel olarak daha yashydi.
Bendopne, paroksismal nokturnal dispne (PND) ve ortopne, 6len grupta istatistiksel olarak daha yiiksekti. Olen
grupta sol ventrikul ejeksiyon fraksiyonu istatistiksel olarak daha dusiik, syntax skoru ise istatistiksel olarak
daha yuksekti. Yas ((%95 Cl:1.254-1.627 , OR: 1.411 p:0.001), urik asit (%95 Cl: 1.151-1.394 OR: 1.278 p:0.001),
bendopne (%95 Cl: 1.285-1.611 OR: 1.452 p: 0.001), syntax skoru ((%95 Cl: 1.103-1.358 OR: 1.258 p:0.001),
mortalite i¢in bagimsiz risk faktorleri oldugu gosterilmistir.

Sonug: AKS'li hastalarda bendopnenin varligi hastane i¢i mortalite ile yakindan iliskili olabilir.

Anahtar Kelimeler: Akut koroner sendrom, Bendopne, Mortalite
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Introduction

Despite advanced diagnosis and treatment, coronary artery
disease is the main cause of death in developed and devel-
oping countries. The most serious and common form of cor-
onary artery disease is acute coronary syndromes (ACS).
ACS includes unstable angina pectoris, non-ST-elevated
myocardial infarction and ST-elevated myocardial infarc-
tion (1). Emergency percutaneous coronary intervention
(PCI) and revascularization is the most effective treatment
after ACS, limiting the infarct area, the development of
heart failure and complications. Despite advanced PCl ap-
proaches, heart failure is very common and is the most im-
portant short- and long-term prognosticindicator (2). In ob-
servational studies, heart failure after ACS is observed be-
tween 7-38%. Many symptoms may occur as a result of
heart failure depending on the type and severity of the dis-
ease(3).

Dyspnea and its subtypes (orthopnea, paroxysmal noctur-
nal dyspnea(PND), exercise dyspnea) are the main symp-
toms of acute heart failure(4). Bendopnea, also known as
flexi-dyspnea, has recently been defined as the develop-
ment of shortness of breath within 30 seconds by bending
forward in patients with systolic and decompensated heart
failure(5). Although the exact etiopathogenesis is not
known, it is thought to be caused by increased ventricular
pressure as a result of increased abdominal and intrathora-
cic pressure caused by bending forward. In addition, a close
relationship with poor cardiac index, increased pulmonary
capillary wedge pressure (PCWP), right heart pressure and
pulmonary artery pressure has been shown. In patients
with systolic heart failure, the presence of bendopnea has
been shown to be a poor prognostic indicator for poor qu-
ality of life and poor long-term prognosis(6). In addition, it
has been shown to be closely related to many cardiovascu-
lar diseases such as the prevalence of coronary artery dise-
ase and surgical outcomes(7-8). However, there is no clear
data in the literature regarding acute coronary syndrome
patients and in-hospital mortality.

This study investigated the effect of the presence of ben-
dopnea on in-hospital mortality in ACS patients.

Materials and Methods

Patient population

A cross-sectional analysis was conducted on patients ad-
mitted with ACS (unstable angina and non-ST elevation my-
ocardial infarction (NSTEMI)) between March 2023 and Jan-
uary 2024. All patients underwent coronary angiography
(CA). The necessary permissions for the study were ob-
tained from the local ethics committee (The Clinical Re-
search Ethics Committee of Adana City Training and Re-
search Hospital date: 28.03.2024 number: 3259) and the
study was conducted in accordance with the Declaration of
Helsinki.

NSTEMI and unstable angina were defined as ST-segment
depression, T-wave inversion or transient ST-segment ele-
vation, and elevated CK-MB and/or troponin T above the
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upper limit of normal) in addition to the presence of chest
symptoms. All patients received medications recom-
mended by current guidelines.(9) After diagnosis of ACS, all
patients received a loading dose of 300 mg of acetylsalicylic
acid. Clopidogrel (300 mg or 600 mg loading dose) or ti-
cagrelor (180 mg loading dose) was also administered ac-
cording to the physician's preference. Unfractionated hep-
arin or low-molecular-weight heparin was administered ac-
cording to the patient's weight. In addition, statin therapy
was started in all patients. The decision to perform coro-
nary angiography and the timing and type of revasculariza-
tion procedure were determined by the patient's cardiolo-
gist.

Patients under the age of 18, patients with ST-elevation my-
ocardial infarction, cardiogenic shock, Killip score >2, se-
vere valvular heart disease, steroid therapy, chronic renal
or hepatic failure, systemic inflammatory disease, cancer,
previous coronary artery bypass surgery, previous percuta-
neous coronary intervention for any reason, and patients
with abnormal serum electrolyte values were excluded
from the study. Following the application of the exclusion
criteria, 395 patients were included in the study.

All patients were questioned in detail about hyperlipide-
mia, diabetes mellitus, smoking, asthma, and COPD (chro-
nic obstructive pulmonary disease). All medical treatments
used by the patients were recorded. The presence of ort-
hopnea, bendopnea, PND and

venous jugular distension(VJD), was questioned and rec-
orded.

Laboratory measurement

Serum levels of fasting blood glucose, hemoglobin, C-reac-
tive protein(CRP), and a lipid panel including low-density
lipoprotein cholesterol and high-density lipoprotein choles-
terol were assessed and recorded within the first 24 hours.

Echocardiographic Evaluation

Echocardiographic examination of all patients included in
the study was performed using an iE33 cardiac ultrasound
system (Phillips Healthcare) and a 2.5 to 5 MHz probe sys-
tem. Left ventricular ejection fraction (LV EF) was quanti-
fied using the modified Simpson method. Pulmonary artery
pressure (PAB) was estimated by means of the Bernoulli
equation (P =4[TRmax]2), with continuous wave (CW) Dop-
pler over the tricuspid regurgitation (TR) flow.

Coronary Angiography

The access site for CA (femoral or radial) was determined
by the attending physician. CA was performed using the
Judkins technique. Two experienced interventional cardiol-
ogists evaluated the CA images. Nonionic low-osmolar con-
trast medium was used as the contrast medium during CA.
Anticoagulation and antiplatelet therapies were adminis-
tered according to current coronary artery disease guide-
line recommendations. After percutaneous coronary inter-
vention (PCl), all patients were hospitalized in the coronary
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care unit. Aspirin 100 mg, clopidogrel 75 mg or ticagrelor
90 mg, and statin therapy was continued in all patients. The
SYNTAX Score (SS) was calculated by including vessels with
a diameter greater than 1.5 mm and stenosis greater than
50% from CA images. (http://www.Syntaxscore.com).

Statistical Analysis

The study data were evaluated using the SPSS version 21.0
statistical software. Normality distribution of continuous
variables was investigated using visual (histogram and
probability charts) and analytical methods (Kolmogorov-
Smirnov/Shapiro-Wilk tests). The descriptive statistics of
the study were presented as mean and standard deviation
for normally distributed data and as median, minimum, and
maximum for non-normally distributed data. The chi-
square test was used to show whether there was a differ-
ence between categorical variables. The Student’s t-test
was used to compare the continuous variables with para-
metric properties in independent groups, while the
MannWhitney U test was used to compare continuous var-
iables with non-parametric properties in independent
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groups. The level of statistical significance was set at a p-
value less than 0.05. The variables for which the unadjusted
p-value was <0.05 in the logistic regression model were
identified as potential risk markers and included in the full
multivariate model. Backward elimination multivariate lo-
gistic regression analyses using a likehood ratio test to elim-
inate variables were utilized.

Results

A total of 395 patients were enrolled in this study. The pa-
tients were divided into 2 groups as living and deceased.
326 patients (mean age: 65.2+14.2 years, 25.9% male) were
in the living group and 69 patients (mean age: 74.1£12.9
years, 29.5% male) were in the deceased group. When
comparing the demographic data, the deceased group was
significantly older (p<0.001), other findings were similar
(Table 1). Medical treatments were similar (Table 1). When
comparing symptoms, bendopnea, paroxysmal PND, and
orthopnea were statistically higher in the deceased group
(p=0.001 for each, Table 1).

Table 1. Comparison of demographic data, medacitions and symptoms

Living Deceased

n:326 n:69 p
Demographic and risk factors
Age, year 65.2114.2 74.1+12.9 <0.001
Gender, male n (%) 212 ( 65.0) 44 ( 63.7) 0.121
Smoking, n (%) 119 (36.5) 25(36.2) 0.627
COPD n (%) 50 (15.3) 10 (14.4) 0.123
Diabetes mellitus, n (%) 201 (61.6) 45 (65.2) 0.341
hypertension, n (%) 115 (35.2) 24 (34.7) 0.681
hyperlipidemia, n (%) 45 (13.8) 11 (15.9) 0.607
Medical treatments
ACE inh (n, %) 158 (48.4) 32 (46.4) 0.232
ARB inh (n, %) 95 (29.1) 22 (31.8) 0.345
Beta blockers (n, %) 65 (19.9) 15 (21.7) 0.226
Statin (n, %) 50 (15.3) 10 (14.4) 0.426
Acetylsalicylic acid (n, %) 45 (13.8) 11 (15.9) 0.369
Oral antidiabetic drugs (n, %) 66 (20.2) 15 (21.7) 0.638
Insulin (n, %) 45 (13.8) 11 (15.9) 0.494
Symptom
Bendopnea 53 (16.2) 31(44.9) 0.001
Orthopnea 41 (12.6) 34 (49.2) 0.001
PND 26 (8.0) 22 (31.8) 0.001
VID 19 (5.8) 7(10.2) 0.075

COPD: Chronic obstructive pulmonary disease, ACE: Angiotensin-converting enzyme inhibitor, ARB: Angiotensin receptor blockers, PND: paroxysmal

nocturnal dyspnea, VID: venous jugular distention

When laboratory values were compared between the two
groups, uric acid (7.8£3.21 vs. 4.5+1.21 p:0.001), CRP
(3.33+1.82 vs. 1.98+0.79 p:0.001), basal troponin
(5.12+1.12 vs. 3.65+2. 51 p:0.001) and NT- proBNP
(12454521 vs. 751+ 252 p:0.001) were found to be higher
in the deceased group. (Table 2) When echocardiographic
characteristics were compared, LVEF (39.649.1 vs. 48+1.8
p:0.001) was statistically lower in the deceased group.
When electrocardiographic features were compared, heart
rate(p:0.001) was statistically higher in the deceased group.

When angiographic characteristics were compared, syntax
score (p=0.001) was statistically higher in the deceased
group (Table 3).

The results of the univariate and multivariate regression
analyses showed that, age (OR: 1.411 95% CI: 1.254-1.627
p: 0.001), uric acid (OR: 1.278 95% Cl: 1.151-1.394 p: 0.
001), bendopnea (OR: 1.452 95% Cl: 1.258-1. 611 p: 0.001),
syntax score (OR: 1.258 95% Cl: 1.103-1.358 p:0.001) were
shown to be independent risk factors for mortality (Table
4).
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Table 2. Comparison of laboratory parameters

Living Deceased

n:326 n:69 P
Laboratory measurements
Glucose (mg/dl) 159.6+47.6 145.9+61.8 0.589
BMI kg/m?2 31.5+2.1 32.3+2.9 0.064
BKH (uL) 11.7+4.12 12.1+6.11 0.321
Hb (mg/dl) 14.2+2.15 14.5+1.58 0.256
Cr (mg/dL) 0.75+0.28 0.95+0.14 0.412
Na (mmol/L) 141.548.2 143.1+4.51 0.541
K (mmol/L) 4.75%1.25 4.2+0.9 0.789
Uric acid (mg/dL) 4.5+1.21 7.8+£3.21 0.001
Total protein (g/dL) 7.41+1.11 6.59+1.48 0.168
Calcium(mg/dL) 9.52+1.8 9.4+1.51 0.207
CRP (mg/L) 1.98 +0.79 3.33+1.82 0.251
Baseline Troponin (ng/mL) 3.65+2.51 5.12 +1.12 0.001
NT-proBNP 7514252 12454521 0.001
LDL 151+42.2 142+40.8 0.888
HDL 47+12.8 46+11.5 0.133
TOTAL CHOLESTEROL 189.5+55.8 178+51.2 0.432

Hb: Hemoglobin, WBC: White blood cells, BUN: Blood urea nitrogen, Cr: Creatinine, Na: Sodium, K: Potassium, CRP: C-reactive protein, LDH: Lactate
dehydrogenase, LDL: low density lipoprotein cholesterol, HDL: High-density lipoprotein cholesterol, LV EF: Left ventricular ejection fraction

Table 3. Comparison of angiographic, electrocardiographic, and echocardiographic findings

Living Deceased

n:326 n:69 P
Echocardiographic features
LA diameter 35+4.2 36+4.5 0.574
LV diastolic diameter 55.145.9 61.416.1 0.411
LV systolic diameter 42110 43+11 0.124
LV EF 48+1.8 39.649.1 0.001
sPAP 44+10 44+12 0.235
Electrocardiographic features
Heart Rate (beats/min) 78+ 14 84 +18 0.001
QRS duration 112421 115+19 0.078
Angiographic Features
SYNTAX score 14.8+5.5 20.1+3.3 0.001
Culprit artery, n (%)
LAD 146 (%45.1) 33 (%48.1) 0.236
cX 97 (%30.5) 14 (%19.9) :
RCA 83 (%24.4) 22 (%32.0)
Treatment methods 10 (% 3) 3 (%4)
Medical treatment 289 (%88.6) 60 (%86.9) 0.254
Percutaneous coronary artery intervention ’
Coronary artery bypass graft op. 27 (%8.4) 6 (%10.1)

LA:left atrium, LV:left ventricle, sPAP:pulmonary artery systolic pressure, LAD:left anterior descending, CX:circumflex, RCA: right coronary artery

Table 4. Independent predictors for mortalitiy

OR 95% CI p OR %95 CI p
Age 1,321 1.115-1.455 0.001 1.411 1.254-1.627 0.001
Uric acid 1.356 0.224-1.584 0.001 1.278 1.151-1.394 0.001
Bendopnea 1.257 0.202-1.495 0.001 1.452 1.285-1.611 0.001
Syntax score 1.125 0.103-1.194 0.001 1.258 1.103-1.358 0.001
Orthopnea 1.102 0.914-1.021 0.301
LV EF % 1.083 0.951-1.245 0.245
NT-proBNP 1.120 0.958-1.251 0.301
Troponin 1.211 0.954-1.321 0.211
Heart rate 1.110 0.945-1.141 0.541
PND 1.321 0.987-1.586 0.987
NT-proBNP 1.236 0.954-1.358 0.147

LVEF: left ventricular ejection fraction, CRP: c-reactive protein, PND: paroxysmal nocturnal dyspnea
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Discussion

This study represents the first investigation into the rela-
tionship between the presence of bendopnea and in-hospi-
tal mortality in patients with ACS. At the conclusion of the
study, the presence of bendopnea was demonstrated to be
an independent risk factor for in-hospital mortality in ACS
patients.

Similar to previous studies, age, uric acid, Syntax score and
were observed as independent risk factors for in-hospital
mortality in ACS patients. Many studies have shown that
advanced age is an important indicator of in-hospital mor-
tality and poor clinical outcomes in ACS patients. In addi-
tion to the increased prevalence of coronary artery disease
and calcification with advancing age, prolonged procedure
time and increased complications constitute the basic path-
ophysiology(10). Epidemiologic studies have observed in-
hospital mortality >50% in ACS patients aged >75 years(11).
The relationship between serum uric acid levels and cardi-
ovascular disease has long been recognized. Increased oxi-
dative stress, systemic and local inflammation, and endo-
thelial dysfunction are the basic pathophysiology due to se-
rum uric acid levels(12). Magnoni M. et al. showed in their
study of ACS patients that mortality was 2.9 times higher in
patients with uric acid levels higher than 6. 0 mg/dI(13). In
addition, Zhang S. et al. showed that 1-year mortality was
2.6 times higher in individuals with high serum uric acid lev-
els in ACS patients (14). Syntax score is an objective method
to assess the prevalence and severity of coronary artery dis-
ease. In many studies, a high Syntax score has been ob-
served as an independent risk factor for in-hospital mortal-
ity after ACS. In prospective studies by Akboga et al. and
Schherf et al. high Syntax score was observed as an inde-
pendent risk factor for in-hospital mortality in ACS patients
(15-16).

Dyspnea is the most important symptom in heart failure pa-
tients, and exercise dyspnea, orthopnea, and PND are the
most important symptoms in heart failure patients (17).
Bendopnea is a recently described symptom in heart failure
patients and is accepted as the occurrence of shortness of
breath within 30 seconds by bending forward in advanced
heart failure patients (18). Although the etiology of this
phenomenon is not fully understood, it is believed to be re-
lated to the increase in intraabdominal and intra-aortic
pressure that occurs with forward bending. In 2014,
Thibodeu et al. observed bendopnea, which was intro-
duced to the clinical literature, 29 (28%) of 102 patients. In
102 patients, 29% exhibited bendopnea, which was ob-
served in the intracardiac catheter measurements. In-
creased left ventricular intraventricular pressure, PCWP,
and right atrial pressure were observed in the presence of
bendopnea. Conversely, an increase in PCWP and right
atrial pressure was observed in all patients when tilted. No-
tably, no change in cardiac index was observed in patients
without bendopnea. However, a statistically significant de-
crease was observed in patients with bendopnea. Further-
more, bendopnea was three times higher in patients with
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increased PCWP and decreased cardiac index. However, no
relation was found between bendopnea in individuals with
high PCWP and normal cardiac index (19). Tirinidad et al.
found that the presence of bendopnea was closely associ-
ated with increased PND, orthopnea, and VJB in their study.
Additionally, they observed that short-term mortality was
2.3 times more likely in patients with these symptoms (20).
Pranata B. et al. In a meta-analysis of 6 studies on heart fail-
ure, it was observed that the risk of orthopnea caused by
bendopnea was 3.02 times higher, PND was 2.76 times
higher, abdominal fullness was 7.5 times higher, advanced
stage heart failure was 7.5 times higher, and short- and
long-term mortality was 2.21 times higher. Furthermore,
the presence of bendopnea did not differ between lower
extremity edema and pulmonary edema/renal (21).
Rodriguez et al. observed that the presence of bendopnea
in patients with severe aortic stenosis was an independent
risk factor for the need for postoperative mechanical venti-
lation and prolonged hospitalization (22). Saylik F. et al. ob-
served that in patients with ischemic heart failure, the pres-
ence of bendopnea was associated with the presence of
bendopnea was identified as an independent risk factor for
the prevalence of coronary artery disease (CAD) (23). In the
study by Rostamzadeh et al. although the presence of ben-
dopnea was observed as an independent risk factor for
long-term mortality, but no association with orthopnea was
observed (24).

As a result of our study, while benopnea was observed as
an independent risk factor for death, although a statistical
difference was detected in terms of orthopnea and PND, no
difference was observed in the regression analysis. We hy-
pothesize that this difference is related to the patient pop-
ulation and clinical characteristics. In our study, patients
with Killip score >2 and ST elevation myocardial infarction,
which are high-risk patients in terms of patient population,
were excluded. Furthermore, no difference was observed
between the groups in terms of peripheral edema, VID, and
PND, as well as pulmonary congestion findings. This sug-
gests that bendopnea may be a more reliable marker than
orthopnea in patients with ACS.

Discussion

This study determined that AKI development in critically ill
patients with variant B.1.1.7 infection followed in the inten-
sive care unit was less than in other patients. In addition, it
was determined that the need for IMV in variant B.1.1.7 pa-
tients and the mortality rates in variant B.1.1.7 patients not
developing AKI were both higher. This suggested that the
increase in mortality due to the longer duration of variant
B.1.1.7 infection in the respiratory tract occurred indepen-
dently of the AKI development.

Conclusion
In this study, for the first time, the presence of bendopnea
was observed as an independent risk factor for in-hospital
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mortality in ACS patients. This study suggests that the pres-
ence of bendopnea should not be overlooked in identifying
high-risk patients with ACS and that appropriate treat-
ments should be initiated earlier. Further comprehensive
and prospective studies may help us to understand the re-
lationship between ACS and bendopnea and to determine
diagnostic and therapeutic values.

Limitations

This study is subject to a number of limitations. Primarily, it
was conducted at a single center with a relatively small
number of patients. Furthermore, cardiac catheterization
was not performed, and long-term follow-up of discharged
patients was not conducted.

Ethical Approval: The necessary permissions for the study were
obtained from the local ethics committee (The Clinical Research
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