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Abstract
Introduction  To compare the clinical characteristics and outcomes of patients with acute heart failure (AHF) 
according to the 2016 European Society of Cardiology (ESC) guidelines taking into account isolated right HF (RHF) 
with left HF (LHF) phenotypes. Volume status was assessed by the clinical manifestations and lung ultrasound (LUS). 
The secondary aim was to study the role of echocardiography in congestion based on LUS and their relations with 
outcomes.

Methods  This study included AHF patients, who referred to the emergency department (ED) at AL-Mouwasat and 
AL-Assad University Hospitals in Syria between May and August 2024. The same cardiologist reviewed medical reports, 
signs/ symptoms of decompensation, echocardiographic assessment, diagnosis, and treatment therapies.

Results  Of 100 patients, 10 patients (10%) had isolated RHF and 90 patients (90%) had LHF, including warm-wet 
(n = 65, 65%), followed by cold-wet (n = 13, 13%), warm-dry (n = 10, 10%), and cold-dry (n = 2, 2%). Most discharged 
patients without admission were Warm-dry, meanwhile most of patients with cold-wet (76.9%) were admitted to 
intensive care unit (ICU). The longest in-hospital stays were in cold-wet (11.9 days) followed by isolated RHF (7.5 
days). While in-hospital mortality was mainly in cold-wet (38.5%) followed by isolated RHF (20%). Diuretics dose was 
highest in cold-wet followed by isolated RHF, while hydration was predominantly in cold-wet. Using vasopressors and 
inotropes were predominantly in cold-wet. Systolic blood pressure (SBP), hemoglobin (Hb), sodium (Na), proximal 
right ventricular outflow tract (RVOT1), left ventricular end-diastolic internal diameter (LVIDd), Tricuspid annular 
systolic plane excursion (TAPSE), and systolic pulmonary atrial pressure (SPAP) correlated with hospital stays, while 
only SBP and Cr correlated with in-hospital mortality. The cut-off values of E/e’ ratio, isovolumic relaxation time (IVRT), 
and deceleration time (DT) were (12.5, 55ms, and 131.5 ms; respectively) and could predict congestion (guided by 
LUS) with sensitivities of (96%, 74%, and 62%; respectively) and specificities of (53%, 92%, and 84%; respectively).
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Introduction
Heart failure (HF) remains the leading cause of morbid-
ity and mortality affecting about 1–2% of the popula-
tion worldwide [1, 2]. HF is a complex clinical syndrome 
resulting from structural and functional impairment of 
ventricular filling or ejection of the blood, characterized 
by a constellation of symptoms (dyspnea, orthopnea, and 
lower limb swelling) and signs (elevated jugular venous 
pressure and pulmonary congestion) [3]. Hospitaliza-
tions for HF in the United States has been decreased until 
2012; however, from 2013 to 2017, an increase in HF hos-
pitalizations was observed. In 2017, there were 1.2  mil-
lion HF hospitalizations in the United States among 924 
000 patients with HF. This represents a 26% increase in 
HF hospitalizations and number of patients hospitalized 
with HF [1]. Patients with HF are classified with symp-
tom and the stage of the disease. The American Col-
lege of Cardiology /American Heart Association (ACC/
AHA) HF staging approach emphasizes the importance 
of development and progression of disease, whereas the 
New York Heart Association (NYHA) functional classi-
fication focuses more on exercise tolerance in those with 
established HF [1].

Acute heart failure (AHF) is increasingly recognized as 
a distinct disorder with unique epidemiology, pathophys-
iology, treatments, and outcomes. The new therapeutic 
approaches have systematically failed to improve survival 
of patients with AHF [4]. The most recent European Soci-
ety of Cardiology (ESC) guidelines have now changed 
from the previous clinical classification based on six 
phenotypic forms (worsening or decompensated chronic 
HF, pulmonary edema, hypertensive HF, cardiogenic 
shock, isolated right HF, and acute coronary syndrome 
and HF) to the new classification based on the intensity 
of congestion and perfusion [4]. The assessment of clini-
cal phenotype based on peripheral perfusion (whereby 
normal perfusion is considered ’warm’ and symptoms or 
signs of hypoperfusion are considered ’cold’) and /or sys-
temic congestion (whereby no congestion is considered 
’dry’ and the presence of congestion is considered ’wet’). 
Given these phenotypes allow to classify patients into 
the following forms: warm-wet (well perfused and con-
gested), cold-wet (hypoperfused and congested), cold-
dry (hypoperfused without congestion), and warm-dry 
(compensated, well perfused without congestion) [4, 5]. 

This clinical classification has an important role on man-
agement and outcomes for patients with AHF [4, 5].

In addition to clinical evaluation, ultrasound (US) plays 
a considerable role in assessment of dyspnea for patients 
at emergency department. Moreover, assessment of fill-
ing pressures and congestion in HF depending on algo-
rithms integrate mitral pulsed-wave inflow velocities 
(Mitral E and A wave velocity), pulsed-wave tissue Dop-
pler imaging (TDI) e′ velocity, E/e’ ratio, peak velocity 
of the tricuspid regurgitation (TR) jet, and left atrium 
maximum volume index [6–8]. When these measures 
combined with lung ultrasound (LUS), this becomes a 
powerful bedside tool, that allow the diagnosis optimiza-
tion of patients with dyspnea at emergency department 
and detect even the low degrees of pulmonary congestion 
[9].

Since the publication of the 2016 ESC guidelines, this 
classification has been assessed in a few studies, which 
described demographic, clinical, therapeutic approach, 
and outcomes for AHF- patients [4, 5, 10]. However, 
these studies did not take isolated right HF into account 
with left HF classifications. Also, these studies evaluated 
the congestion by clinical assessment without LUS evalu-
ation [4, 5, 10]. Previous studies showed that LUS dem-
onstrated a rapid diagnostic test to detect the congestion 
in AHF-patients with a high sensitivity (94–97%) and 
specificity (97%), that superior to clinical assessment and 
the chest X-ray, even with superimposed pneumonia [9]. 
Taking these considerations into account, we evaluated 
demographic, clinical, therapeutic approach, and out-
comes of AHF- patients by classifying into four groups 
according to the 2016 ESC Guidelines with an additional 
group of isolated right HF. The assessment of volume 
status based on the clinical manifestations combined 
with LUS. The primary outcomes of this study were in-
hospital mortality, admission days, and therapeutic man-
agements. The secondary aim was to study the role of 
echocardiography in evaluating the congestion based on 
LUS positivity in AHF- patients and their relations with 
outcomes.

Materials and methods
Patients and data
This cross- sectional study included patients, who 
referred to the emergency departments (ED) at AL-Mou-
wasat and AL-Assad University Hospitals in Syria in the 

Conclusion  Classifying AHF patients into these five groups, based on clinical examination supporting by 
echocardiography and LUS evaluation can give better assessment of the AHF phenotypes and gives more details for 
management. The bedside diagnostic assessment by LUS and echocardiography is an easy tool and seems to be of 
great benefit in detecting congestion that enhances the treatment protocols.

Keywords  Acute heart failure (AHF), Congestion, Outcomes, Right heart failure (RHF), Lung ultrasound (LUS), 
Echocardiography



Page 3 of 16Aldli et al. BMC Cardiovascular Disorders          (2025) 25:194 

period, that extending between May and August 2024. 
The study protocol was approved by the Research Ethics 
Committee of Damascus University (Ethical Commit-
tee N = 3613, Damascus, Syria in September 2023) and 
by the Declaration of Helsinki. All patients obtained and 
received a copy of a written informed consent for pub-
lishing their clinical details. Patient confidentiality was 
maintained by inserting patients as a number without 
names on the worksheet program.

The inclusion criteria included all patients with symp-
toms and signs of acute decompensated heart failure 
(AHF). The exclusion criteria include; patients younger 
than 18 years, acute myocardial infarction, acute pulmo-
nary embolism, patients with hospitalization for other 
reasons like sepsis and chronic obstructive pulmonary 
disease (COPD), and patients didn’t evaluate within 12 h 
after admission.

The study form was filled out by ED doctors within 
12  h of hospital admission. Thereafter, the same cardi-
ologist reviewed medical reports, signs and symptoms 
of decompensation, and echocardiography to make the 
final diagnosis. Data included age, gender, body mass 
index (BMI) [11], and body surface area (BSA) [12]. The 
information related to personal, medical and medication 
histories were also included [6]. Clinical signs and symp-
toms of AHF were evaluated according to the Framing-
ham clinical criteria and ESC recommendations [6, 13]. 
Vital signs and laboratory tests were collected at the first 
time after ED referral. The Electrocardiogram (ECG) and 
rhythm (sinus rhythm or atrial fibrillation AF) were doc-
umented according to ESC recommendations [6].

Echocardiography assessment
Echocardiography evaluation was performed by using 
GE vivid 8 and 9 devices within 12 hours of admission. 
The M-Mode method in Para Sternal Long Axis View 
(PLAX) and Para Sternal Short Axis View (PSAX) were 
relied upon to evaluate left ventricular (LV) dimen-
sions, wall thickness, and ejection fraction (EF), as it is 
the fastest method [14]. Right ventricular (RV) dysfunc-
tion was evaluated based on: Tricuspid Annular Systolic 
Plane Excursion (TAPSE), and proximal RV outflow tract 
(RVOT1 in cm) by short axis view [15]. Diastolic dys-
function and left ventricular (LV) filling pressures, and 
were assessed by calculating: Mitral E wave velocity (m/
sec) (E-wave velocity reflects the LA-LV pressure gradi-
ent during early diastole), which was assessed by Api-
cal four-chamber with color flow imaging for optimal 
alignment of PW Doppler with blood flow. Pulsed-wave 
TDI e′ velocity (m/sec) lateral and septal e’ Apical four-
chamber view: PW Doppler sample volume (usually 
5–10 mm axial size) at lateral and septal basal regions so 
average e′ velocity can be computed. Average E/e’: aver-
age MV E velocity divided by mitral and septal annular e′ 

velocity. Mitral E-velocity Deceleration Time (DT): Time 
(ms) interval from peak E-wave along the slope of LV fill-
ing extrapolated to the zero-velocity baseline assessed 
by Apical four-chamber, pulsed Doppler sample volume 
between mitral leaflet tips. Isovolumic Relaxation Time 
IVRT (ms): five-chamber view, using Continuous Wave 
(CW) or Pulse Wave (PW) Doppler and placing sample 
volume in LV outflow tract to simultaneously display end 
of aortic ejection and onset of mitral inflow.

Left atria (LA) maximum volume index (mL/m2): Api-
cal four- and two-chamber. The Tricuspid Regurgitation 
(TR) jet peak velocity (m/sec) was assessed by parasternal 
short axis and apical four-chamber view. The TR jet peak 
velocity > 2.8 m/sec supports the presence of elevated LV 
filling pressures.

The four recommended variables for identifying dia-
stolic dysfunction and their abnormal cutoff values are 
annular e′ velocity: septal e′< 7 cm/sec, lateral e′< 10 cm/
sec, average E/e′ ratio > 14, LA volume index > 34 mL/m2, 
and peak TR velocity > 2.8 m/Sect. [8]. LV diastolic func-
tion is normal if more than half of the available variables 
do not meet the cutoff values for identifying abnormal 
function. Meanwhile, LV diastolic dysfunction is present 
if more than half of the available parameters meet these 
cutoff values [16]. Systolic pulmonary artery pressure 
(SPAP) calculated by the pressure gradient between the 
right ventricular and atrium [17].

Lung ultrasound (LUS) was obtained by cardiac probe 
on the anterior and lateral chest, from the second to the 
fourth (on the right side to the fifth) intercostal spaces, 
and from the parasternal line to the axillary line [18]. 
The transducer should be placed in the intercostal space 
either perpendicular (longitudinal and sagittal) or in par-
allel orientation (transverse) to the ribs. Imaging depth 
depends on the size of the patient, but is usually set at 
∼15–18  cm [9]. LUS was evaluated for assessment of 
pleural effusion and pulmonary congestion by studying 
B-lines and evaluating severity of congestion based on 
the number of lines. We used 8 zones protocol and quan-
tified the congestion degree as follows; score 0 (no con-
gestion B-lines < 5), score 1 (mild; B-lines between 5 and 
15), score 2 (moderate; B-lines between 15 and 30), and 
score 3 (severe; B-lines > 30) [18].

After clinical and US evaluation (cardiac and lung), 
patients were classified into four groups based on conges-
tion and perfusion according to ESC recommendations: 
no congestion with no hypoperfusion (dry-warm), con-
gestion without hypoperfusion (wet-warm), hypoperfu-
sion without congestion (dry-cold), and congestion with 
hypoperfusion (wet-cold). To categorize as congestion, 
at least one of clinical or LUS signs should be present: 
pulmonary crackles, peripheral edema, jugular conges-
tion, hepatomegaly, ascites, LUS score > 0. Hypoperfu-
sion was defined by the presence at least one of following: 
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dizziness, cold extremities, mental confusion, or delayed 
capillary refill time. In addition to a fifth group of isolated 
right heart failure (RHF) after evaluation by echocardiog-
raphy and exclude of left ventricular systolic or diastolic 
dysfunction according to ESC recommendations [19].

Management and outcomes
Patients were assessed in the emergency office, where the 
study groups were divided into two calcifications; once 
managed in emergency and discharged without admis-
sion to refer to the cardiac clinic, while the second group 
was admitted to the hospital. The admitted patients were 
classified into three departments (ED, cardiology depart-
ment, and ICU). Hemodynamically unstable patients 
(such as cardiogenic shock) were admitted to the ICU, 
meanwhile, hemodynamically stable patients were admit-
ted to the cardiology department, and the status between 
them was admitted to the ED department until they 
improved and transmitted to the cardiology department 
to complete the study and treatments.

The primary outcomes include in-hospital death and 
stay (days of admission until discharged). Also, this 
included treatment protocols, that administered during 
hospitalization including; intravenous (IV) loop diuretics 
use and their total dose (total mg in all admission days), 
IV nitrates use, hydration with (IV normal saline -NS-), 
vasopressors use and days of administration (norepi-
nephrine), and cardiac inotropes use and days of admin-
istration (dobutamine and dopamine). The relationship of 
echocardiographic features was also studied with primary 
outcomes (in-hospital death and stay). Furthermore, the 
measurements of the LV filling pressures including DT, 
IVRT, and E/e’ ratio were evaluated to detect congestion 
based on LUS features in this population.

Statistical analysis
The data obtained has been inserted into Microsoft Excel 
worksheet and analysis by SPSS software version 23.0 
(IBM, Armonk, New York, USA). The continuous data 
have been expressed as mean ± standard deviation (SD) 
and the comparison has been done using unpaired ‘t’ 
test. Categorical variables were compared by Chi square 
test. Studying correlations was by Pearson and Spearman 
tests. Also, we used Kruskal-Wallis H-test and Mann-
Whitney U-Test to compare between independent vari-
ables. Receiver operating characteristic (ROC) curve 
was used to determine an appropriate cut-off for echo-
cardiography measurements and calculating the sensitiv-
ity, specificity, and Area Under the Curve. A probability 
value (P. value ≤ 0.05) has been considered as statistically 
significant.
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Results
Baseline characteristics (Table 1)
Of 100 patients (Table 1), 10 patients (10%) had isolated 
right HF and 90 patients (90%) had left HF. The patients 
with left HF included warm-wet (n = 65, 65%), followed 
by cold-wet (n = 13, 13%), warm-dry (n = 10, 10%), and 
cold-dry (n = 2, 2%). Males comprised 53 patients (53%) 
and 47 patients (47%) were females. Patients with left 
HF were divided into clinical classifications as follows; 
2 patients with cold-dry, 13 patients with cold-wet, 10 
patients with warm-dry, and 65 patients with warm-wet. 
The mean age was 57.8 years in isolated right HF, mean-
while, the mean age was 80.5 years in cold-dry patients, 
66.2 years in cold-wet patients, 63.1 years in warm-dry 
patients, and 63.7 years in warm-wet patients.

The patients had a high number of co-morbidities, the 
most frequent being smoking history, CHF, HTN, IHD, 
and DM, where only IHD showed the difference between 
study groups (P = 0.002), (Table  1). With respect to the 
chronic treatments, 41% of patients received ACEI/
ARBS/ angiotensin receptor-neprilysin inhibitor, 60% 
on BB, 66% on diuretics, and 28% on MRA. There were 
no differences in chronic treatments between groups 
(Table 1; Fig. 1).

All the clinical and lab characteristics showed dif-
ferences between groups (Table  1). The mean SBP was 
lowest in the Cold-wet group (75.4 mmHg) and high-
est in the Warm-dry group (153 mmHg). Crackles were 
observed in 100% of the Cold-wet group followed by 
the Warm-wet group (81.5%). Of note, the isolated RHF 
group showed crackles in 60% of patients, however, these 
crackles did not belong to congestion after echocardio-
graphic and LUS evaluations (like crackles in patients 
with pulmonary fibrosis). Edema showed in 100% of 
isolated RHF followed by 92.3% of the Cold-wet group. 
Also, the Cold-wet group showed the highest propor-
tions of pleural effusion (61.5%), AF (61.5%), and NYHA 
type IV (100%) between study groups. Cr and Na showed 
differences between groups. Cr level was highest in the 
Cold-wet group (2.4  mg/dL), followed by the isolated 
RHF group (1.7 mg/dL), meanwhile, the lowest Na levels 
(129.9 mEq/L) were in the Cold-wet group.

All the US characteristics at admission showed sig-
nificant differences between HF groups except LA-VoL 
(Table  1). The mean LVIDd (Fig.  2) was higher in the 
Cold-dry group (3.5  cm/ m2) and lowest in warm-dry 
(2.5 cm/m2). The highest mean of IVSd (Fig.  2) was in 
the Warm-dry group (1.4 cm) and lowest in the cold-wet 

Fig. 1  Guideline direct medical therapy (GDMT), including ACEI/ARBS/ angiotensin receptor-neprilysin inhibitor, BB, MRA, and SGLT2 inhibitors
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group (1  cm). The Cold-wet group showed the high-
est levels of LA-VoL (66.2 mL/ m2) and the lowest level 
of TAPSE (1.3  cm) (Fig.  2). The isolated RHF group 
showed the highest levels of RVOT1 (4.23 cm) followed 
by the cold-wet group (4.1 cm) (Fig. 2). E/e’ Average was 
higher in the cold-wet group (21.9), while IVRT and DT 
were lower in the cold-wet group (104.6 ms and 44.2 
ms; respectively). Meanwhile, the mean SPAP (Fig.  3) 
was higher in the isolated RHF group (58.3 mmHg) fol-
lowed by the Warm-wet group (48.7 mmHg) and Cold-
wet group (46.2 mmHg). The mean EF (Fig. 3) was lowest 
in the cold-wet group (24.3%) followed by the cold-dry 
group (32%), warm-wet group (42%), and warm-dry 
group (54.7%). LUS scores 1 and 2 were most common 
in the Warm-wet group (29.2% and 27.7%; respectively), 
meanwhile, the LUS score 3 was most common in the 
Cold-wet group (84.6%).

Management and outcomes across clinical phenotypes 
(Table 1)
Patients were divided into two categories (Table  1). 
The first class was treated in the emergency office and 
discharged without admission; this class included 11 
patients (P = 0.000), most of them in the Warm-dry 
group (n = 8). The second class was admitted to the hos-
pital (n = 89 patients) into three departments (P = 0.003). 
Most patients in isolated RHF (80%) and warm-wet 
(66.2%) groups were admitted to the ED department, 
while most of the patients in the cold-wet group (76.9%) 
were admitted to the ICU. Admission days showed 

significant differences between groups (P = 0.000), where 
the longest admission days were observed in the cold-wet 
group (11.9 days), followed by the isolated right group 
(7.5 days). On the other hand, in-hospital mortality was 
reported in 8 patients (8% of the total sample) (P = 0.000), 
where 5 patients (5/13; 38.5%) were in the cold-wet group 
followed by the isolated RHF group (2 patients; 20%).

All treatments except dopamine showed significant 
differences between groups (Table 1). The mean dose of 
total IV diuretics during admission days (P = 0.000) was 
highest in the cold-wet group (1596 mg) followed by the 
isolated RHF group (1160  mg). Also, nitrate and hydra-
tion (NS) showed differences between groups (P = 0.020 
and 0.000; respectively), where nitrate was predominantly 
in the warm-wet group, while NS was predominantly in 
the cold-wet group. Using noradrenaline, dobutamine, 
and inotropes combination showed significant differ-
ences between groups (P = 0.000 for each), where their 
predominant use was in the cold-wet group.

Relations of clinical, labs, and US with outcomes (Table 2)
Systolic blood pressure (SBP), hemoglobin (Hb), and 
sodium (Na) showed negative correlations with hospital 
stay (P = 0.031, 0.009, and 0.001; respectively). RVOT1, 
LVIDd, and SPAP showed positive correlations with hos-
pital stay (P = 0.000, 0.004, and 0.009; respectively); how-
ever, TAPSE showed a negative correlation (P = 0.035). 
Edema showed a positive correlation with hospital stay 
(P = 0.002), where the admission days increased with an 
increase in the grade of edema. Also, AF correlated with 

Fig. 2  Cardiac ultrasound (US) characteristics at admission; shows the means of LVIDd, IVSD, TAPSE, RVOT1 between HF groups
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hospital stay (P = 0.010), where patients with AF showed 
longer admission days than those without AF (8 vs. 4 
days; respectively).

On the other hand, only SBP and Cr showed correla-
tions with in-hospital mortality (death/discharge). SBP 
was higher (110 mmHg) in discharged patients compared 
with death patients (77.5 mmHg) (P = 0.001), and Cr was 
higher in death patients (1.85 mg/dL) compared with dis-
charged patients (1.3 mg/dL) (P = 0.019).

Cardiac US of the LHF to detect congestion guided by LUS 
(Table 3)
IVRT, E/e’ average, and DT showed significant differ-
ences between scores of LUS (P = 0.000 for each) (Table 3, 
Fig.  4). IVRT values (Fig.  4) decreased with increased 
LUS score, where the lowest IVRT value (39.5 ms) 
was shown in LUS score 3. E/e’ average values (Fig.  4) 
increased with increased LUS score, where the highest 
E/e’ average value (21.5) showed in LUS score 3. DT val-
ues (Fig.  4) decreased with increased LUS score, where 
the lowest DT value (112 ms) showed in LUS score 3.

On the other hand, the IVRT cut-off value (55ms) could 
predict congestion (guided by LUS) with sensitivity (74%) 
and specificity (92%), (AUC = 0.835; P = 0.000; CI = 0.732–
0.938) (Fig.  4). E/e’ average cut-off value (12.5) could 
predict congestion with sensitivity (96%) and specificity 

(53%), (AUC = 0.771; P = 0.002; CI = 0.602–0.941) (Fig. 4). 
DT cut-off value (131.5ms) could predict congestion with 
sensitivity (62%) and specificity (84%), (AUC = 0.771; 
P = 0.002; CI = 0.631–0.911) (Fig. 4).

Discussion
This study compared patients with AHF according to 
the classification of the 2016 ESC guidelines [19], based 
on clinical examination and US obtained at bedside to 
detect four distinct phenotypes of left HF with addi-
tional isolated RHF phenotype. Furthermore, the base-
line characteristics, in-hospital therapies, and outcomes 
were compared between these five groups. The main 
phenotype in this study was warm-wet group (n = 65, 
65%), while the cold-dry group (n = 2, 2%) presented 
the lowest distribution. In line with studies by Chioncel 
et al. [10], Javaloyes et al. [4], and Palazzuoli et al. [20] 
were warm-wet phenotype reported in 69.9%, 76%, and 
73.3% respectively. Also, the lower phenotype group were 
cold- dry in studies by Chioncel et al. [10] and Javaloyes 
et al. [4] where the cold- dry presented in 0.4% and 0.9%, 
respectively. Meanwhile Palazzuoli et al. [20] found that 
warm-dry group (5%) was the lowest group of AHF. 
Only study by Javaloyes et al. [4] reported the patients 
who discharged directly from the ED without admis-
sion, where the mainly phenotype of those patients was 

Fig. 3  Cardiac US characteristics at admission; shows the means of EF and SPAP between HF groups
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warm-wet phenotype [4]. Our study reported that 11 
patients discharged without admission, where most of 
them in Warm-dry group. Also, this study reported the 
admission into three departments, where the ED admis-
sions showed predominantly isolated right HF (80%) and 
warm-wet (66.2%) groups, while ICU admissions showed 
predominantly cold-wet group (76.9%).

The primary outcomes of this study were in-hospital 
mortality, in-hospital stays, and therapeutic manage-
ments. In-hospital mortality was observed in 8 patients 
(8% of the total sample), where 5 patients (38.5%) in cold-
wet group followed by isolated right group and the lon-
gest days of admission also showed in cold-wet group 
(11.9 days) followed by isolated right group (7.5 days). 
Meanwhile, the highest doses of the total IV diuretics 
were in cold-wet group (1596  mg) followed by isolated 
right group (1160 mg) and use of NS (hydration) was pre-
dominantly in cold-wet group, in addition those groups 
had the highest serum Cr levels. Moreover, inotropes 
and vasopressors use (noradrenaline, dobutamine, and 
inotropes combination) were predominantly in cold-wet 
group.

Similarly, Chioncel et al. [10] found in-hospital mortal-
ity in 5.3% of the population, where the highest mortal-
ity rates, one-year all-cause mortality rates, and longer 
hospital stay were also higher in cold-wet patients. Also, 
in respect to previous classification of ESC 2008, a previ-
ous study by Chioncel et al. [5] showed that the highest 
mortality rates were noted in congestion and hypoperfu-
sion patients. Meanwhile, Javaloyes et al. [4] found that 
hypoperfusion (cold) groups had higher in-hospital and 
1-year mortality that did not relate to basal profile or co-
morbidities. Palazzuoli et al. [20] demonstrated 23 deaths 
at 30 days follow-up, where cold-wet patients showed 
higher mortality and cold groups showed a worse out-
come compared to the warm groups. Also, congestion 

(wet) groups with or without hypoperfusion showed lon-
ger hospital stay and more frequent use of IV diuretics 
compared with other groups [4]. Additionally, inotropes 
and vasopressors were used more common in the cold-
wet group [10].

This increase in mortality is mainly explained by a 
lower mean BP and the inverse relation of BP with mor-
tality in patients with AHF, while longer hospital stays 
perhaps due to prolong in-hospital treatment of conges-
tion with diuretics and vasopressors [5, 21]. This hypo-
perfusion state was mainly correlated with in-hospital 
and 1-year mortality in previous studies [4, 10].

In respect to congestion, previous studies found that 
congestion did not affect in-hospital mortality [4, 10, 
22], meanwhile Chioncel et al. [10] found that patients 
with congestion at discharge had a significantly higher 
1-year mortality. Similarly, our study found a correlation 
between edema (congestion) and hospital stay, however, 
it did not correlate with in-hospital mortality (Table  2). 
This study also highlighted the correlation between SBP 
and outcomes (Table  2), where SBP showed a negative 
correlation with in-hospital stays and higher levels of 
SBP was observed in discharged patients compared with 
death patients (in-hospital mortality). On the other hand, 
this study showed that isolated right HF was the second 
group in mortality, hospital stay, and diuretics use. This 
mainly explained by congestion signs of isolated right HF 
patients, where they showed a high proportion of edema 
(100%). Of note, the two mortalities in isolated right HF 
group (representing 20%) showed hypoperfusion, which 
included under the cold-wet phenotype. When isolated 
RHF has several etiologies, different managements, and 
prognoses, that differ from LHF, it is rational to study 
RHF as an isolated group compared to LHF groups. Also, 
isolated RHF has no robust chronic therapies or rec-
ommendations for treatment, so this group should be 

Table 3  Correlations of left HF cardiac US measurements with LUS score (Kruskal-Wallis H-test), and ROC analysis for cardiac US 
measurements to predict congestion by LUS scores
Kruskal-Wallis H-test ROC analysis
Variables LUS Score Median H-test value P-value Variables LUS score 95%CI for AUC P-value
IVRT 0 67 19.676 0.000* IVRT Cutoff 55 0.732–0.938 0.000

1 53 Sensitivity 0.74
2 48 Specificity 0.92
3 39.5 AUC 0.835

E/e’ average 0 12 18.701 0.000* E/e’ average Cutoff 12.5 0.602–0.941 0.002
1 16 Sensitivity 0.96
2 18.5 Specificity 0.53
3 21.5 AUC 0.771

DT 0 167 25.16 0.000* DT Cutoff 131.5 0.631–0.911 0.002
1 150 Sensitivity 0.62
2 132 Specificity 0.84
3 112 AUC 0.771

LUS: lung ultrasound, IVRT: isovolumic relaxation time, E: mitral E wave velocity, e’: pulsed-wave TDI e′ velocity, DT: deceleration time
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Fig. 4  Correlations of cardiac US with LUS score, and the ROC analysis of cardiac US to predict congestion: (A): IVRT values decreased with increased LUS 
score, and the ROC analysis to predict congestion. (B): E/e’ average values increased with increased LUS score, and the ROC analysis to predict congestion. 
(C): DT values decreased with increased LUS score, and the ROC analysis to predict congestion
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studied as an isolated group in future large control trials. 
It is well-known that isolated RHF patients have an obvi-
ous congestion (wet) with either low or normal BP (warm 
or dry), so the RHF patients could classified under wet-
warm or -dry phenotype.

Concerning guideline direct medical therapy (GDMT), 
which is recommended in patients with HF, it showed a 
reduction in hospitalization and mortality [6]. We found 
that 41% of our HF patients received ACEI/ARBS/ angio-
tensin receptor-neprilysin inhibitor, 60% were received 
BB, and 28% were received MRA. Meanwhile, only 18% 
of our patients received SGLT2 inhibitors. This observa-
tion of low GDMT prescriptions obligates more attention 
and an attempt for more GDMT prescriptions in our HF 
patients.

Furthermore, SGLT2 inhibitors were extensively stud-
ied in patients with RHF. Sarak et al. [23], found that 
SGLT2 inhibition had no impact on RV mass index in 
patients with T2DM, coronary artery disease and normal 
LVEF. Meanwhile, a meta-analysis by Tufan Cinar et al. 
[24], found favorable effects of SGLT2 inhibitors on RV 
function including TAPSE, SPAP, and fractional area 
change in HF patients. It seems that SGLT2 inhibitors 
have benefits in both RHF and LHF, however, the benefits 
in RHF need more approval.

Atrial fibrillation (AF) occurrence is common in AHF, 
where it can be a cause of AHF decompensation. The 
AATAC trial showed the superiority of catheter abla-
tion (CA) over medical therapy in reducing AF recur-
rence, the primary endpoint, hospitalizations, and 
mortality [6]. The meta-analysis by Şaylık et al. for AF in 
HF patients showed that CA therapy is associated with 
greater improvements in LVEF and quality of life [25]. 
Also, according to ESC Guidelines 2024 for AF patients 
with HF showed that catheter ablation should be con-
sidered in selected AF patients with HFrEF to reduce 
HF hospitalization and prolong survival [26]. There is an 
increase in operator experience that facilitate the effec-
tiveness of CA, however, arrhythmia recurrence is a com-
mon problem [27]. Pulmonary vein (PV) isolation (PVI) 
is the cornerstone of ablation in AF treatment [27]. The 
new technique of pulsed-field ablation (PFA), compared 
to the standard ablation methods with radiofrequency 
or cryoenergy, showed that the use of PFA for PVI in 
patients with paroxysmal and persistent AF has yielded 
favorable results [27].

In the current guidelines, echocardiography is recom-
mended as an easily accessible and cost-effective tool in 
the diagnostic workup and prognosis of HF patients [28]. 
Right ventricular (RV) function is an important prog-
nostic factor and patients with RV dysfunction have a 
poorer prognosis, which included an increase of cardiac 
death and hospital stay, regardless of the left ventricular 
(LV) dysfunction [29]. TAPSE represents a simple, and 

non-invasive method for assessing the RV systolic func-
tion [29]. The main cause of RV dysfunction in patients 
with HF is the pulmonary hypertension (PH), where 
several previous studies have reported the correlation 
between PH and mortality [29–31]. Naseem et al. [29] 
and Palazzuoli et al. [32] found that PASP, TAPSE, and 
TAPSE/PASP ratio were predictors for in-hospital mor-
tality in HF patients. Also, Choudhary et al. [30] and 
Bursi et al. [31] found that elevated PASP could pre-
dict re-admissions and strongly predicts death among 
HF patients. Furthermore, RVOT1 was positively cor-
related with outcome and increased adverse events 
in patients with AHF. Palazzuoli et al. [32] found that 
RVOT1 > 40  mm related to 6 months outcome in AHF 
patients.

Here, we reported significant differences of TAPSE, 
SPAP, and RVOT1 between HF groups. SPAP and ROVT 
showed positive correlation with hospital stays, mean-
while, TAPSE showed a negative correlation. Although, 
these markers did not correlate with in-hospital death. 
SPAP was higher in congested groups (Warm-wet and 
Cold-wet groups), meanwhile, the isolated RHF and 
Cold-wet groups showed the highest levels of RVOT1 
and the lowest level of TAPSE.

Additionally, LV enlargement in HF patients with 
reduced LV ejection fraction (HFrEF) showed a power-
ful predictor of adverse outcomes [33, 34]. Ito et al. [34] 
found that both LV volumes and diameters were inde-
pendently associated with increased the adverse out-
comes in HFrEF patients including all-cause death, CV 
death and events, HF hospitalization, and myocardial 
infarction (MI). Also, Narayanan et al. [33] found that 
LV diameter associated with increase of sudden cardiac 
death independent of the LVEF.

A few reports have been published on the effect of 
ventricular remodeling, such as interventricular septum 
thickness, with controversial results [35]. Li et al. [35] 
found that IVSD did not associated with death in dilated 
cardiomyopathy patients. Also, Biton et al. [36] found 
that patients with low relative wall thickness (eccentric 
hypertrophy) had increased risk for ventricular tachyar-
rhythmias (VAs) and increased in VAs risk or death.

The current study found that LVIDd and IVSD showed 
differences between HF groups, however, only LVIDd 
showed positive correlation with in-hospital stay but 
not with mortality. These previous echocardiographic 
features; including TAPSE, SPAP, RVOT1, IVSD, and 
LVIDd; did not show correlations with in-hospital mor-
tality, which could due to small sample of our study.

Congestion, either pulmonary or systemic, is the main 
cause for hospitalization in HF patients, as a conse-
quence of increased cardiac filling pressures [37]. While 
physical examination of pulmonary congestion has a low 
sensitivity and specificity, especially the lung auscultation 
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is poorly correlated with LV filling pressures [37]. LUS 
has gained popularity as a quick examination to assist the 
pulmonary congestion with high sensitivity and specific-
ity, and the cardiology community has extended its use to 
diagnose and manage congestion in patients with HF [9]. 
Also, echocardiography has the ability to non-invasively 
estimate LV filling pressures and assessing congestion in 
HF patients [37, 38].

E/e’ ratio is widely used and values ≥ 14 is correlated 
with invasive measurements of LV filling pressures [37]. 
E/e’ ratio has a good correlation with LV filling pressures 
in HF patients with preserved EF (HFpEF), meanwhile, 
there is only moderately correlation with LV filling pres-
sures when E/e’ ratio > 15 in patients with HFrEF [37]. 
Mullens et al. [39] found that sensitivity (66%) and speci-
ficity (50%) for mitral E/e’ ratio > 15 to identify a pulmo-
nary capillary wedge pressure (PCWP) > 18 mmHg and 
concluded that E/e’ ratio might not be a reliable in pre-
dicting LV filling pressures in advanced decompensated 
HF patients. Dini et al. [40] found that E/e′ ratio ≥ 13 or 
DT < 150 ms were closely associated with elevated LV 
filling pressure with a sensitivity of 87% and a specificity 
of 90% in detecting patients with elevated PCWP [40]. 
Moreover, DT can be unreliable marker for detecting LV 
filling pressure in patients with HFpEF, in which DT can 
be normal despite elevated LV filling pressures [16]. On 
the other hand, in patients with moderate to severe mitral 
annular calcification, IVRT (< 60 ms) was indicative for 
elevated LA pressure [40], however, IVRT is affected by 
tachycardia and arterial pressure [41].

Here, we found significant differences in DT, IVRT, and 
E/e’ ratio between HF groups. E/e’ Average was higher 
in the cold-wet group, while IVRT and DT were lower in 
the cold-wet group. With respect to pulmonary conges-
tion, the previous studies put the cut-off values of E/e’ 
ratio, IVRT, and DT based on LV filling pressures guided 
by invasive procedures (such as PCWP). In our study, 
the cut-off values of E/e’ ratio, IVRT, and DT were (12.5, 
55ms, and 131.5 ms; respectively), which showed lower 
values than previous studies in detecting congestion. On 
the other hand, the ESC 2021 reported the E/e’ ratio > 9 
had a sensitivity of 78%, a specificity of 59% for the pres-
ence of HFpEF by invasive exercise testing, meanwhile, a 
higher cut-off of 13 had lower sensitivity (46%) but higher 
specificity (86%) [6]. Our study showed different values 
of these measures, which might result from the different 
and small populations, and LUS-guided for classifying 
the congestion. Also, the cut-off values in previous stud-
ies guided by invasive procedures might give a more pre-
cise value than this study, and these cut-off values differ 
between studies based on patients’ status (such as acute 
or chronic HF, HFpEF, or HFrEF).

These echocardiographic measures (E/e’ ratio, 
IVRT, and DT) were guided by LUS and showed good 

sensitivities of (96%, 74%, and 62%; respectively) and 
specificities of (53%, 92%, and 84%; respectively) in 
detecting congestion. Of note, the elevated LV filling 
pressures may precede the occurrence of clinical con-
gestion by days or weeks [37], this was observed in our 
patients with warm-dry group. So, interpreting the LUS 
aligned with echocardiographic measures (E/e’ ratio, 
IVRT, and DT) seemed to be of great benefit in detecting 
congestion more than clinical assessment and easier than 
invasive procedures for guide the HF management.

This study has several limitations. The main limita-
tion is the limited number of patients included from two 
university hospitals, especially the small number of cold-
dray group. Also, no follow-up after patients were dis-
charged and biomarkers such as NT-pro BNP were not 
included in this study because of limited resources in our 
hospitals. Despite these limitations, this study included 
all HF phenotypes including isolated right HF group and 
left HF groups. Also, LUS aligned with physical exami-
nation was used to accurately detect the congestion and 
guide the classification of the HF patients. Furthermore, 
several echocardiographic measures were included and 
analyzed between HF groups in addition to studying their 
effects on outcomes.

Conclusion
Classifying AHF patients into these five groups, includ-
ing isolated right HF and four groups of left HF, based 
on clinical examination supporting by echocardiogra-
phy and LUS evaluation can give better assessment of 
the AHF phenotypes and gives more details for manage-
ment. Aligned with ESC phenotypes, the isolated RHF in 
this classification should be included in future studies for 
management and follow-up for AHF patients. The worst 
outcomes in cold-wet and isolated RHF patients supports 
the fact that hypoperfusion as a marker of mortality and 
severity of HF, which needs special attention and man-
agement. The echocardiographic features showed cor-
relations with in-hospital stays but not with mortality, 
however, this needed future large studies with long term 
of follow-up. The bedside diagnostic assessment by LUS 
and echocardiography is an easy tool and seems to be of 
great benefit in detecting congestion with good sensitiv-
ity and specificity that enhances the treatment protocols.
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