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ABSTRACT: Purpose: The present study proposes the comprehensive ultrasound evaluation of a consecutive 
batch of patients with acute cardiogenic pulmonary edema. Method: The registry included all patients with acute 
pulmonary edema from 2 emergency hospitals between February and May 2016. During the first 3 days of 
admission, a transthoracic ultrasound was performed which included the parameters of systolic and diastolic function 
of the left ventricle, right ventricular systolic function, heart cavity dimensions, estimated pulmonary pressure, and the 
presence and severity of valvular disease. Results: A total of 70 patients were enrolled in the registry. The mean 
ejection fraction of the left ventricle was 39.5±11.4% and the average indexed end-diastolic volume was 
77.7±29.5ml/m2, above the upper limit of normal. All patients in whom diastolic function could be evaluated had a 
degree of diastolic dysfunction. Functional parameters of the right ventricle were normalized as average, and the 
mean pulmonary artery pressure was increased: 40.9±16.7mmHg. The most common valvular heart disease were 
mitral and tricuspid insufficiency, with moderate or severe impairment in 82.8%, respectively 65.7% of the patients. 
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Introduction 
Acute pulmonary edema (APE) is part of the 

acute heart failure syndromes (AHF) and is 
characterized by severe dyspnea, pulmonary 
congestion and decreased oxygen saturation. 

In most cases, the cause is cardiogenic 
(cardiogenic APE) and is the sudden increase in 
filling pressures in the left cavities, which results 
in increased pulmonary capillary pressure 
resulting in pulmonary stasis. 

Although acute diagnosis and management is 
primarily based on clinical picture and symptom 
relief, prognosis and long-term management 
depend especially on primary cardiac disease. 
This requires a comprehensive assessment of the 
heart, both structural and functional, an 
assessment in which echocardiography plays the 
most important role. 

According to the European Society of 
Cardiology (ESC) guidelines, all patients with 
APE should be evaluated by echocardiography 
(Class I indication). This assessment should 
include the calculation of the left ventricular 
ejection fraction (LVEF), the identification of 
segmental kinetic disorders (e.g in case of an 
ischemic etiology), assessment of right 
ventricular function (VD), including estimation 
of pulmonary artery pressure, evaluation of 

diastolic function of left ventricle and the 
identification of possible valvular disease. 
According to different echocardiographic data, 
patients can be classified into several categories. 
The most widely used classification refers to 
LVEF and divides patients into the following 
categories: 

- Reduced LVEF (<40%) 
- Mid-range LVEF (40-49%) 
- Preserved LVEF (>50%) 
The role of echocardiography is more than 

observational, because patient management is 
directly dependent on echocardiographic 
parameters. For example, certain drug therapies 
(beta blockers, angiotensin converting enzyme 
inhibitors, antialdosteronics) have shown 
effectiveness in decreasing mortality, but only in 
patients with low LVEF. Other non-medical 
therapies, such as implantable defibrillator or 
resynchronization therapy, are only indicated for 
patients with LV systolic dysfunction. 

Likewise, patients with heart failure of 
valvular etiology can benefit from 
cardiovascular surgery or interventional 
techniques for correction of valvular disease. 
Prognostic importance of LVEF has also been 
demonstrated, so patients with low ejection 
fraction have increased mortality compared to 
those with normal or mid-range LVEF [2,3]. 
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Data from registries and studies on 
echocardiographic parameters in AHF 
syndromes are plenty, but information on the 
specific case of are scarce and limited to the 
most common indicators (systolic VS function 
and valvular disease) [4]. 

This study aims to analyze all the 
echocardiographic parameters of interest in 
patients with APE, with particular emphasis on 
the least investigated in registries, such as 
diastolic function and LV filling pressures, 
systolic function of right ventricle (RV), as well 
as data provided by tissue doppler. 

Materials and methods 
The present article represents the detailed 

analysis of the ecographic parameters from a 
prospective observational study that enrolled 
consecutive patients with cardiogenic pulmonary 
edema between February 2016 and May 2016 at 
two emergency clinical hospitals: the "Bagdasar-
Arseni" Emergency Clinical Hospital Bucharest 
and the Clinical Hospital County Emergency 
Craiova. 

This study was approved by the Local 
Institutional Ethics Committee and patients had 
signed an informed consent before being 
included. All patients enrolled signed their 
agreement concerning data processing and 
publication. Inclusion criteria was diagnosis of 
cardiogenic pulmonary edema at admission. The 
diagnosis of APE was established on the basis of 
history and reasons for presentation (acute 
dyspnea with orthopnea), clinical examination 
(pulmonary rales in at least 1/2 of the lung area), 
pulmonary radiography (alveolar stasis) and the 
presence of hypoxemia (SaO2<90%). 

Transthoracic echocardiography, following a 
standardized protocol, was performed on all 
patients within the first 3 days of admission. 
Echocardiograms were performed by only one 
operator in each of the two centers, and the 
echocardiographs used were Aloka ProSound 
Alpha 10® and General Electric Vivid 7®. 
Among the parameters analyzed, we mention: 
LVEF, LV indexed end-diastolic volume, septal 
LV S’, mitral E / A ratio, E / e' ratio, tricuspid 
annular systolic excursion, Fractional area 
change (FAC) of RV, S’ on RV wall, RV-right 

atrium (RA) gradient, inferior vena cava (IVC) 
diameter, indexed atrial volume, presence and 
severity of valvular disease. The cut-off for 
normal values regarding dimensions, volumes 
and other echocardiographic parameters were 
established according to the guidelines of the 
American Society of Echocardiography (ASE) 
and the European Society (EACVI) [5]. The LV 
ejection fraction was calculated according to 
ESC recommendations by the Simpson biplane 
method. Another important parameter, less 
emphasized in HF studies, is diastolic 
dysfunction of the LV. This may be the major 
pathophysiological factor in patients with HF 
and preserved LVEF. Diastolic dysfunction was 
classified based on the mitral valve E / A ratio. 

The LV filling pressure was calculated using 
the E / e 'ratio, where e' is the mean between the 
septal and lateral LV wall peak early velocity. 
Another LV function parameter is the maximum 
systolic velocity of the mitral annulus calculated 
by tissue Doppler at the basal level of 
interventricular septum(S’)-normal value 
>6.5cm/s. According to ESC recommendations, 
calculating tissue velocities should be 
considered in all patients with heart failure 
(Class IIa indication) [1]. 

The systolic function of RV was evaluated 
using several parameters: TAPSE, FAC and S 
'of the lateral wall of the RV. The TAPSE 
calculation was performed by M mode 
echocardiography in the apical incidence 
(TAPSE=17mm is the cut-off below which the 
parameter is abnormally low). Fractional area 
change (FAC) of RV is calculated similarly to 
EF of LV, but instead of volumes, the end-
diastolic and end-systolic areas of RV are used 
(Fig.1). RV fractional area chance <35% 
indicates systolic dysfunction [5]. Systolic 
pulmonary artery pressure (PAPs) was estimated 
according to ESC recommendations [6]. 

The data obtained were recorded in Microsoft 
Excel files, then processed statistically in order 
to analyze the relationships between study 
variables and to compare different paraclinical 
data to normal range data. We used Student’s t 
test, either for one-sample compared to a known 
mean value, or for two-samples, and Chi2 test for 
independence. 
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Fig.1. End-diastolic area (EDA) and end-systolic (ESA) area of the right ventricle.  
The fractional area change (FAC) is calculated as follows: FAC=(EDA-ESA)/EDA x 100 

 

Results 
We enrolled 70 consecutive patients of which 

36 at the Bagdasar-Arseni Emergency Clinical 
Hospital and 34 at the County Emergency 
Clinical Hospital, Craiova. The mean age was 

72.1 years, exactly half of the patients being 
male. 

The LV ejection fraction was calculated 
according to ESC recommendations by the 
Simpson biplane method, its mean value being 
39.5±11.4% (Table 1). 

 

Table 1. Mean and normal values of the echocardiographic parameters analyzed in the study.  
M=male; F=female gender; LVEF=left ventricular ejection fraction; EDV=tend-diastolic volume;  

ESV=end-systolic volume; IVS=interventricular septum; FAC=fractional area change; RV=right ventricle; 
RA=right atrium; LA=left atrium; ICV=inferior vena cava; sPAP=systolic pressure in the pulmonary artery. 

The established normal values were recorded from: [5,6] 

Echographic parameter Mean study value Normal value 
LVEF (%) 39.5±11.4 52-72 (M), 54-74 (F) 

Indexed EDV LV (ml/m2) 77.7±29.5; 82.3 (M), 73.1 (F) 34-74 (M), 29-61 (F) 
IVS diameter (mm) 12.9±2.6; 12.7 (M), 13.2 (F) 6-10 (M), 6-9 (F) 
LV septal S' (cm/s) 4.9±1.2 >6.5 

E/e' 18.4±8.1 <14 
TAPSE (mm) 18.4±4.3 >17 
FAC RV (%) 40.3±7.8 >35 

RV wall S' (cm/s) 10.7±2.5 >9.5 
IVC (mm) 17.7±3.3 <21 

estimated sPAP (mmHg) 40.9±16.7 <37 
Indexed LA end-diastolic volume (ml/m2) 53.7±22 16-34 
Indexed LA end-systolic volume(ml/m2) 33.6±12.1; 34.6 (M), 32.6 (F) 25±7 (M), 21±6 (F) 

 

There were 44.2% of patients with low LVEF 
(<40%), 34.3% with mid-range LVEF (40-49%) 
and 21.5% with preserved ejection fraction 
(≥50%). Of note is the important difference 
between the mean EF between males and 
females, which was 35%, respectively 44%. In 
fact, 57.1% of male patients had reduced EF and 
only 31.4% of women (p Chi2=0.03). The mean 
S’ value in our study was 4.9±1.2cm/s. 

The mean value of indexed end-diastolic 
volume of left ventricle was 77.7±29.5ml/m2, 

above the upper limit of the cut-off for normal 
values (61 ml/m2 for women and 74ml/m2 for 
men). Also, the mean interventricular septum 
thickness (IVS), calculated from the longitudinal 
axis incidence, was 12.9±2.6mm (equivalent to a 
diagnosis of mild-moderate ventricular 
hypertrophy). Particularly, the mean diameter 
was higher among women (13.2mm) compared 
to men (12.7mm). 

According to the study protocol, diastolic 
dysfunction was classified based on the mitral 
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valve E/A ratio. A total of 22 patients (31.5%) 
had atrial fibrillation, which was the reason for 
which the diastolic function could not be 
appreciated using this parameter.  

Of the other patients, all had a degree of 
diastolic dysfunction as follows: grade I-47.9% 
(23 patients), grade 2-22.9% (11 patients), grade 
3-29.2% (14 patients). 

The mean value of E/e’ ratio was 18.4±8.1, 
70% of the patients had E /e '≥14, representing 
elevated LV filling pressures.  

The difference between males and females in 
the study was not statistically significant 19.2 vs. 
17.7 (p Student >0.05). 

The systolic function of RV was evaluated 
using several parameters: TAPSE, FAC and 
S 'of the lateral wall of the RV. The mean value 
of TAPSE was 18.4±4.3mm. 32.8% of the 
patients studied had TAPSE <17mm (12 males 
and 11 women) which is the lowest value of 
normal range. The mean FAC in this study was 

40.3±7.8%, 15 patients (21.4%) had FAC <35%. 
The mean value of the RV wall S 'was 
10.7±2.5cm/s, with 27 of the patients (37.1%) 
having an S' of <9.5cm/s. There were no 
significant differences between the male and 
female groups in the analysis of any of the RV 
function parameters (p Student >0.05). The 
mean estimated sPAP was 40.9±16.7mmHg 
(Table 1). 

The mean left atrial (LA) indexed volume 
was 53.7±22ml/m2, corresponding to a severe 
LA dilation (>48ml/m2). Average right atrial 
(RA) indexed volume was 33.6±12.1ml/m2, 
equivalent to a slight RA dilation. On the 
concern of valvular disease, 82.8% of the 
patients had moderate or severe mitral 
regurgitation, 18.5% had mean or severe aortic 
stenosis and 65.7% had moderate or severe 
tricuspid regurgitation. The full prevalence 
values of valvular diseases values are found in 
Table 2. 

 

Table 2. Patients with valvular heart disease classified according to severity 

Valvular heart disease 
Valvular disease severity (number of patients) 

Without valvular 
disease Mild Moderate Severe 

Mitral regurgitation 2 10 39 19 
Mitral stenosis 66 2 0 2 

Inaortic regurgitation  36 17 13 4 
Aortic stenosis 49 8 5 8 

Triscuspid regurgitation 5 19 38 8 

 

Discussions 
Echocardiography is not only an important 

exploration for establishing the diagnosis and 
etiology of heart failure, but it also provides 
prognostic data [1], even though there are 
relatively few studies on AHF patients [7,8]. 

The left ventricular systolic function, 
expressed by the ejection fraction (LVEF), is 
both a management orientation factor and an 
important prognostic factor [1,8]. In our study, 
the mean LVEF was 39.5%±11.4, which denotes 
an average mild to moderate systolic 
dysfunction. The LVEF had a quite balanced 
distribution: 

• 15 patients with severe systolic dysfunction 
(LVEF≤30%) 

• 16 patients with moderate systolic 
dysfunction (30%<LVEF<40%) 

• 10 patients with mild-moderate systolic 
dysfunction (LVEF=40%) 

• 14 patients with mild systolic dysfunction 
(40%<LVEF<50%) 

• 15 patients without systolic dysfunction 
(LVEF≥50%) 

Of note is the important difference between 
the mean LVEF among men (35%) and women 
(44%). Basically, 57.1% of male patients had 
reduced LVEF (<40%), and only 31.4% of 
women. The difference was statistically 
significant (p Chi2=0.03). 

The data collected from the current study are 
similar to those of the largest AHF registry in 
Romania, RO-AHFS. In a subgroup analysis of 
this register, Chioncel et al. showed mean LVEF 
among patients with APE was 39.2±13.2% [4]. 
Another international registry, OPTIMIZE-HF, 
demonstrated that patients with low LVEF had a 
higher risk of in-hospital mortality compared to 
those with preserved EF [9]. Accordingly, in our 
study, a high percentage of patients had 
significant systolic dysfunction which places 
them at a high risk of major cardiovascular 
events; consequently, they have entered a careful 
follow-up program. 

With regard to diastolic function, all patients 
included in this study (in whom the diastolic 
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function could be evaluated by E / A ratio) had a 
degree of impairment (grade I, II or III diastolic 
dysfunction). Considering these data and 
literature on the subject, we consider diastolic 
dysfunction and increased VS (E/e ') filling 
pressures as specific and common features of 
patients with APE. In some cases, it may 
precede systolic dysfunction and may even be 
the major pathophysiological factor of cardiac 
damage in patients with preserved LVEF [10]. 

The increase in filling pressures results in an 
increase in LA dimensions, expressed by the 
indexed volume. The primary role of the LA is 
to modulate the filling of the VS, both by its 
reservoir and conduct function and by its 
contraction. Although LA has structural and 
mechanical adaptive possibilities, increased 
pressures cause its expansion and remodeling 
[11]. The fact that the average LA indexed 
volume was not only above the upper limit of 
normal, but it was in the category of severe 
dilation, shows the importance of diastolic 
function and the important implications of its 
impairment. Dilatation of LA, as claimed by 
literature data, is a subtle expression of diastolic 
dysfunction, therefore an important prognostic 
indicator of the evolution of HF patients [12]. 

The function of the right ventricle (RV) is a 
prognostic indicator whose importance is 
extensively emphasized in recent years, 
including the recommendations of American and 
European echocardiography associations [1,5]. 
RV dysfunction has a negative prognostic role, 
correlating with the risk of death and worsening 
HF [13-15]. Although in this study the mean 
values of the RV function parameters were 
within the normal range, we consider that 
patients with RV dysfunction require careful 
follow-up, with a closer follow-up and 
adjustment of the therapy based on clinical and 
paraclinical data. 

Study limitations 
One of the study limitations is the 

observational character of this study, with the 
aim of having a background analysis of the 
echocardiographic assessment in patients with 
APE. Another limitation is the relatively small 
number of patients, which may question the 
generalization of data. Finally, another potential 
source of error is that examinations were 
conducted by two operators. We attempted to 
overcome this limitation by making an exact 
protocol for the echocardiographic examination. 

Conclusions 
Echocardiography is a useful method, both in 

explaining the etiology of acute pulmonary 
edema, and also in assessing complications and 
prognosis. The group of patients studied showed 
a relatively balanced distribution of LV systolic 
function, from severe systolic dysfunction to 
normal LVEF with a mean value in the range of 
mild to moderate dysfunction. Diastolic 
dysfunction was present in all patients, as 
confirmed by increased filling pressures and 
significant LA dilation. The systolic function of 
the RV was within the normal range for all the 
echocardiographic parameters assessed. The 
most common valvular diseases with significant 
impairment were mitral and tricuspid 
regurgitation. 
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