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Pretibial Edema Strain Ratio Obtained by Elastography Can Be Used 
in Differential Diagnosis of Patients with Chronic Heart Failure and 

Nephrotic Syndrome

 A B S T R A C T  
Objective: Pretibial edema is a common examination finding in patients with both 
heart failure and nephrotic syndrome. We aimed to evaluate the utility of pretibial 
edema strain ratio obtained by strain elastography in the diagnosis of heart failure 
and nephrotic syndrome. 
Materials and Methods: A total of 80 patients (40 patients with heart failure and 40 
patients with nephrotic syndrome) were included in this study. Physical examination 
echocardiography and laboratory examinations were performed. Pretibial edema 
elastographic color grade and pretibial edema strain ratio measurements were per-
formed in the pretibial edema region by strain elastography. 
Results: Pretibial edema strain ratio and presence of pretibial edema elastographic 
color grade-I were found to be higher in heart failure. Tricuspid regurgitation pres-
sure gradient, left ventricular diameters and volumes were significantly higher and 
left ventricular ejection fraction was significantly lower in heart failure. Left ventric-
ular ejection fraction and pretibial edema strain ratio independently determined the 
presence of heart failure. The each-0.1 increase in pretibial edema strain ratio was 
being to the risk of heart failure by 29.1%. In predicting presence of heart failure, the 
area under the ROC curve was 0.827 for pretibial edema strain ratio. The cut-off val-
ue for pretibial edema strain ratio was taken as 0.70, it was determined the patients 
with heart failure disease with 80.0% sensitivity and 76.5% specificity. Pretibial ede-
ma strain ratio value was found to be closely related to tricuspid regurgitation pres-
sure gradient, left ventricular ejection fraction and left ventricular volumes. The close 
relationship was found between pretibial edema strain ratio and tricuspid regurgita-
tion pressure gradient. 
Conclusion: In patients with heart failure, the pretibial edema strain ratio obtained 
by strain elastography is higher than in patients with nephrotic syndrome and can be 
used as an objective parameter for heart failure differential diagnosis in addition to 
conventional heart failure diagnostic methods.  
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INTRODUCTION

In patients with heart failure with reduced ejec-
tion fraction (HFrEF), jugular venous distention, liv-
er enlargement, hepatojugular reflux and right-sid-
ed pleural effusion occur when right-sided heart 
failure (HF) or biventricular HF develops. In addi-
tion to these findings, bilateral pitting pretibial ede-
ma (PTO) is typically present and reflects both ve-
nous congestion and sodium and water retention. 
Edema is a cardinal manifestation of right-sided HF 
[1]. PTO is a nonspecific finding and edema duo to 

HFrEF must be distinguished from edema related 
to medication (e.g. calcium-channel blockers, thi-
azolidinedione’s, or nonsteroidal anti-inflammato-
ry drugs), venous insufficiency, hypoproteinemia 
or hypoalbuminemia or myxedema [2]. In patients 
with bilateral PTO, 40% of the etiology is due to car-
diac, 20% is due to bilateral venous disease, 20% is 
due to renal disease and especially to nephrotic syn-
drome (NS) and 20% is due to idiopathic edema [3]. 
Therefore, bilateral PTO is one of the minor criteria 
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for Framingham heart failure diagnostic criteria due 
to its low sensitivity to HF [4]. Also in patients with 
HFrEF, PTO is commonly measured on a scale of 0 to 
3+, but this system has marked intraobserver and in-
terobserver variation. 
NS is a glomerular disease caused by systemic or 
primary renal diseases. Generalized edema occurs 
due to hypoalbuminemia and decreased oncotic 
pressure. Initial swelling commonly occurs on the 
face (especially periorbital), as well as in the pretib-
ial area.
When we evaluated the ultrasound (US) elastogra-
phy studies performed in the last 1-decade; shear-
wave elastography (SWE) in solid organ evaluation, 
strain elastography (SE) in the evaluation of superfi-
cial organs and tissues, tissue stiffness is measured 
and diagnosis and follow-up of many diseases are 
performed [5-14]. Although there is no evaluation of 
PTO stiffness in patients with HF and NS in the lit-
erature, there are studies related to the evaluation 
of tissue stiffness in patients with lymphedema and 
the use of tissue stiffness in diagnosis and follow-up 
[5, 15-19]. In one of these recent studies, it was re-
ported that tissue stiffness was increased in lymph-
edemateus limbs patients using acoustic radiation 
force impulse (ARFI) technique and this could be 
used as a non-invasive tissue stiffness evaluation 
[5]. In a similar study, SWE technique was used in pa-
tients with localized scleroderma, and increased tis-
sue stiffness was closely associated with disease se-
verity and progression [6].
HFrEF and NS is a chronic disease of the heart and 
kidney with high mortality and morbidity. The 
pathophysiology of PTO, which is a common exam-
ination finding for both diseases, is different. In pa-
tients with HFrEF, a harder PTO occurs and in pa-
tients with NS a soft PTO occurs.  In physical exam-
ination, pitting edema is used to differentiate HF pa-
tients from NS patients, but it is a subjective finding. 
As a result of our experience and other studies in 
patients with NS and HF, we considered the hypoth-
esis that PTO stiffness can be measured objectively 
with SE, and the obtained PTO strain ratio (PTO-SR) 
can be used as a more objective parameter in the 
differential diagnosis of HFrEF and NS. Therefore, 
we aimed to evaluate the utility of PTO-SR obtained 
by SE method in differential diagnosis of HF and NS.

MATERIALS and METHODS

Study Population
This cross-sectional study included 40 patients with 

newly diagnosed HFrEF and 40 patients with new-
ly diagnosed NS. Patients with HFrEF had left ven-
tricular ejection fraction (LVEF) < 40% as a result of 
echocardiography examinations and did not meet 
the criteria for NS. Patients with NS also consisted 
of newly diagnosed NS with LVEF values > 50% on 
echocardiographic examination. Severe renal failure 
(eGFR < 30 ml/kg/1.73m2), history of known acute or 
chronic liver disease, congenital heart disease, acute 
or chronic respiratory problems, proximal venous 
or lymphatic obstruction (lymphedema), hemato-
logic diseases, rheumatoid arthritis, active thyroid 
disease and pretibial myxedema, histories of tibial 
trauma, cancer and/or pregnancy suspicion, active 
infections or thrombophlebitis, musculoskeletal dis-
ease, immobility problems, peripheral vascular and 
cerebrovascular diseases and patients who did not 
wish to be included in the study were excluded. The 
study was conducted according to the recommen-
dations of the Human Subjects Biomedical Research 
Helsinki Declaration, and the institutional ethics 
committee approved the protocol (decision/proto-
col number of your ethics committee approval was 
2018/262). Voluntary consent forms were explained 
in detail to all patients, written informed consent 
was obtained from all of the patients.
After all patients were included in the study, de-
tailed medical history was taken and physical ex-
amination was performed. Subsequently, basal de-
mographic characteristics of all groups were ques-
tioned for age, gender, presence of diabetes melli-
tus, hypertension, active smoking and hypercho-
lesterolemia. Heart rate, systolic blood pressure 
and diastolic blood pressure were recorded. Height 
and weight was measured. Patients were rested for 
20 minutes in the supine position and after that 
blood samples were taken from an antecubital vein. 
Blood samples were collected in tubes containing 
ethylenediaminetetraacetic acid. Complete blood 
count test was performed. At study entry glucose, 
blood urea nitrogen (BUN), creatinine, total protein, 
albumin, aspartate aminotransferase (AST), alanine 
aminotransferase (ALT) and NT-proBNP levels were 
also measured using an automated chemistry an-
alyzer (Abbott Aeroset, MN, USA) with appropriate 
commercial kits (Abbott).

Pretibial Edema Ultrasonography 
The PTO US examinations were performed by two 
experienced radiologists using a high-resolution 
ultrasound Doppler system (Philips EPIQ 7 Philips 
Health Care, Bothell, WA, USA) equipped with a 
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high-resolution linear probe (12-5). PTO B-mode 
US evaluation was performed while the patients 
were placed in supine position. The PTO SE evalua-
tions were performed in the same position. Minimal 
amount of pressure was applied to avoid compres-
sion. Short repetitive manual compressions were 
applied to the PTO with care to avoid anisotro-
py. The compression amount and uniformity were 
standardized using pressure graphics. After at least 
3 compression-relaxation cycles, the SE calculations 
were performed based on the best images. The col-
or scales and predefined PTO-SR elastographic find-
ings were used. The PTO stiffness was graded au-
tomatically by our USG device. These grades were 
as follows: Grade 1: red to yellow (hardest or hard 
tissue, Figure 1); Grade 2: green (intermediate tis-
sue); and Grade 3: blue (soft tissue; Figure 1). Local 
PTO-SR calculations were performed on the same 

images. PTO-SR measurements were performed 
from the middle part of lower limb and this calcula-
tion was compared with a reference tibialis anterior 
muscle located at the posterior of subcutaneous fat 
tissue. To avoid anisotropy, all scans were performed 
perpendicular to the long axis of limbs (at the trans-
verse section) and the US probe was placed perpen-
dicular to skin surface. The default size of the region 
of interest (ROI) was 2.0 x 2.5 cm. The first ROI (A) 
was placed in the reference muscle tissue, and the 
other ROIs were placed on the subcutaneous fat tis-
sue (B). The strain ratio (B/A) was automatically cal-
culated (Figure 2). The PTO-SR was compared with 
an adjacent reference tissue and semi quantitatively 
evaluated. Three consecutive measurements were 
made for each PTO, and mean values were calculat-
ed from the results from both limbs.

Figure 1. Different elastography color grades of the pretibial edema. (a), grade 1: red to yellow (hardest or hard tissue). (b) 
grade 3; blue (soft tissue).

(a) (b)

(a)
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(b)

Figure 2. Pretibial edema strain ratio measurement by strain elastography. The strain ratio was measured at the level of the medi-
al malleolus (region of interest) and the reference region (Kager’s fat pad, posterior wall of the AT) (a) a patient with heart failure 
and (b) a patient with nephrotic syndrome. Ultrasound device software was used to calculate the strain ratio.

Echocardiographic Evaluation 
Two-dimensional (2-D) and Doppler echocardiog-
raphy examinations were done with EPIQ 7 (Philips 
Healthcare Andover MA, USA). Images was tak-
en according to the guidelines of the American 
Echocardiography Society when the patients were 
monitorized and left-sided, a standard short and 
parasternal long axis was obtained, as well as api-
cal 5, 4 and 2 chambers and at least 3 consecutive 
cycles [20]. Two echocardiographer who were ex-
perienced in HFrEF performed all echocardiogra-
phy procedures. Echocardiographers were selected 
from physicians who had at least 1000 echocardiog-
raphy examinations per year and worked in echocar-
diography laboratory for at least 5 years. Parasternal 
long-axis M-mode examination revealed LV diastol-
ic and systolic dimensions, volumes and left atri-
al (LA) diastolic dimension. The LVEF was calculat-
ed by the modified Simpson method from apical 
four and two chambers [20]. Tricuspid regurgita-
tion pressure gradient (TRPG) was calculated by the 
Bernoulli equation over the peak flow rate of tricus-
pid regurgitation.

Statistical Analyses 
For all analyses SPSS 22.0 statistical software pack 
(Chicago, IL, USA) was used. The variables were di-
vided into groups: continuous and categorical. 
Kolmogorov-Smirnov test was used for normal dis-
tribution of the continuous variables. Continuous 

variables were expressed as mean ± standard devi-
ation if they were normally distributed. Categorical 
variables were expressed as numbers and percent-
ages. Continuous variables that showed normal dis-
tribution were compared using the Student’s t-test, 
whereas the Mann-Whitney U test was used for no 
normally distributed samples.  The chi-square (χ2) 
test was used to compare categorical variables. The 
kappa coefficient was used to examine the interob-
server, intraobserver variability of echocardiogra-
phy and US parameters. Parameters associated with 
PTO-SR were determined with univariate Pearson’s 
and Spearman’s correlation analyses. Statistically 
significant parameters were included in a linear re-
gression analysis, and the parameters having the 
closest association with the PTO-SR were identi-
fied. In univariate analyses, a logistic regression 
analysis was performed to determine the indepen-
dent markers among patients with HFrEF. In logis-
tic regression analysis, ROC curve analysis was per-
formed for parameters that independently deter-
mined HFrEF. A p level of < 0.05 was considered sta-
tistically significant. 

RESULTS
Successful PTO US measurements and PTO-SR were 
obtained from all the patients who were included in 
the study. Cohen kappa values that evaluate the in-
traobserver and interobserver variability were over 



Pretibial edema strain ratio in heart and renal failure  

© 2019 Acta Medica. All rights reserved.24  

90% for all echocardiographic and US measurements. Mean, median, minimum and maximum PTO-SR in 
patients with HF were 0.99 ± 0.61, 0.80, 0.38 and 3.52, respectively. Mean, median, minimum and maximum 
PTO-SR values in patients with NS were 0.57 ± 0.32, 0.50, 0.12 and 1.42, respectively. Study data were divid-
ed into 2 groups as HF and NS. 
When demographic data were compared, gender and age were found to be similar in two groups. Except 
heart rate, other demographic and clinical parameters were similar (Table 1). Resting heart rate was higher 
in patients with HF. BUN, total protein, albumin, NT-proBNP and hemoglobin levels were significantly high-
er in HF patient group (Table 1). Also, creatinine level was also significantly lower in HF patient group. Other 
laboratory data were similar in two groups.

Patients with HF
 n=40

Patients with NS
n=40 P

Age (years) 68.0 ± 12.8 69.9 ± 10.1 0.284

Gender (male) 24 20 0.500

Office systolic BP (mmHg) 130 ± 20 131 ± 17 0.831

Office diastolic BP (mmHg) 83 ± 13 81 ± 16 0.610

Heart rate (beat/min) 86 ± 10 80 ± 8.1 0.003

Weight (kg) 76 ± 9.1 77 ± 6.7 0.809

Height (cm) 167 ± 6.9 168 ± 9.4 0.733

Smoking n, (%) 11 (27.5%) 8 (20.0%) 0.243

Hypertension n, (%) 23 (57.5%) 24 (60.0%) 0.950

Diabetes mellitus n, (%) 14 (35.0%) 17 (42.5%) 0.370

Hypercholesterolemia n, (%) 56 (40.6%) 8 (17.4%) 0.647

Glucose (mg/dL) 158 ± 90 150 ± 42 0.633

Blood urea nitrogen (mg/dL) 61.9 ± 5.56 52.4 ± 6.14 <0.001

Creatinine (mg/dL) 1.22 ± 0.52 1.93 ± 0.65 <0.001

Alanine aminotransferase 
(u/L) 31.6 ± 39.3 28.6 ± 10.1 0.644

Aspartate aminotransferase 
(u/L) 46.3 ± 36.1 38.3 ± 15.9 0.466

Total protein (mg/dL) 6.19 ± 0.59 5.24 ± 0.61 <0.001

Albumin (mg/dL) 3.41 ± 0.44 2.59 ± 0.69 <0.001

NT-proBNP (pg/mL) 13478 ± 10227 3534 ± 2244 <0.001

White blood cell count (1000/
mm3) 9.9 ± 3.1 9.6 ± 4.3 0.965

Hemoglobin (g/dL) 12.4 ± 2.13 10.8 ± 1.70 <0.001

Table 1. Clinical and laboratory characteristics of the study groups

Comparing PTO US findings according to study groups, PTO elastographic color grade and PTO-SR were 
found to be significantly different between two groups (Table 2). Having PTO elastographic color grade 1 
incidence was found to be higher in HF patient group (Table 2). Similarly, PTO-SR was significantly higher in 
HF patient group (Table 2).
When the echocardiographic parameters of patients were compared, all echocardiographic data were sig-
nificantly different between two groups. LV diastolic and LV systolic diameters and volumes, LA diastolic di-
mension and TRPG were found to be higher in HF patients group (Table 2). LVEF value was found to be the 
lower in HF patient group (Table 2). 
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Table 2. Echocardiographic and strain elastography imaging findings according to study groups

Patients with HF
 n=40

Patients with NS
n=40 P

PTO elastographic color grade I-II-III (n) 16–14–10  6–12–22 <0.001

PTO strain ratio 0.99 ± 0.61 0.57 ± 0.32 <0.001

Left ventricular diastolic dimension (mm) 62.1 ± 5.6 52.2 ± 5.2 <0.001

Left ventricular systolic dimension (mm) 48.7 ± 7.4 34.4 ± 5.9 <0.001

Left ventricular diastolic volume (mL) 116 ± 17 78 ± 10 <0.001

Left ventricular systolic volume (mL) 80.0 ± 9.2 41.1 ± 7.8 <0.001

Left ventricular ejection fraction (%) 31.2 ± 6.7 54.6 ± 5.8 <0.001

Left atrial diastolic dimension (mm) 45.2 ± 4.1 38.4 ± 5.9 <0.001

Tricuspid regurgitation pressure gradient (mmHg) 43.6 ± 8.1 30.8 ± 7.5 <0.001

When logistic regression analysis was performed to determine the value of PTO strain elastography data for the diag-
nosis of HF, it was found that PTO-SR independently determined the presence of having HF (Table 3). According to this 
analysis each 0.1 increase in PTO-SR increased the probability of having HF by 29.1%. A similar analysis was performed 
with the ROC curve and found that the area under the ROC curve was 0.827 (95% CI 0.740 – 914, p<0.001 and Figure 3) 
for PTO-SR. According to this analysis, when the cut-off value for PTO-SR was taken as 0.70, it was determined the pa-
tients with HF disease with 80.0% sensitivity and 76.5% specificity.

Table 3. Independent risk factors for the presence of heart failure according to multivariate regression analysis.

Odds Ratio 95% 
Confidence Interval P

Left ventricular ejection fraction (each %1 decrease) 0.329   0.110– 0.989 0.001

Pretibial edema strain ratio (each 0.1 increase) 1.291 1.111– 1.500 0.012

Figure 3. ROC curve analyses of the usefulness of the pretibial edema strain ratio for predicting heart failure
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The demographic, clinical, laboratory and echocardiographic parameters associated with PTO-SR in the univariate 
analysis are summarized in Table 4. Linear regression analysis was performed with these parameters significantly re-
lated to PTO-SR (Table 4). PTO-SR values were found to be closely related to TRPG, LVEF and LV diastolic volume (Table 
4). The close relationship between PTO-SR and TRPG was shown in Figure 4.  

Table 4. The parameters associated with pretibial edema strain ratio in all patients

Univariate analysis Multivariate analysis

p r p β

Heart rate (beat/min) 0.004 0.320 0.258 0.131

Albumin (mg/dL) 0.039 0.231 0.567 0.067

NT-proBNP (pg/mL) 0.021 0.260 0.545 0.080

Left ventricular diastolic dimension (mm) 0.003 0.331 0.478 0.120

Left ventricular systolic dimension (mm) 0.001 0.371 0.706 0.042

Left ventricular diastolic volume (mL) <0.001 0.495 0.016 0.378

Left ventricular systolic volume (mL) <0.001 0.451 0.845 0.042

Left ventricular ejection fraction (%) <0.001 -0.412 0.026 0.379

Left atrial diastolic dimension (mm) 0.001 0.378 0.946 0.032

Tricuspid regurgitation pressure gradient (mmHg) <0.001 0.639 <0.001 0.665

 R_Adjusted^2=0.704 in multivariate analyses.

Figure 4. Scatter plot diagram of the relationship between tricuspid regurgitation pressure gradient and pretibial ede-
ma strain ratio
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DISCUSSIONS

This study has 3 main findings. The first of these; 
PTO-SR value is significantly higher in patients 
with HFrEF than in patients with NS. Secondly; in-
creased PTO-SR assessed by SE independently pre-
dicts the presence of HFrEF. When cut-off value of > 
0.7 was taken for PTO-SR, this could be able to pre-
dict the presence of HFrEF with an acceptable sen-
sitivity and specificity. Another important finding is; 
PTO-SR is closely related with TRPG. To the best our 
knowledge, this is the first study to evaluate the tis-
sue stiffness in patients with HFrEF and NS.
Elastography is an examination that evaluates the 
elastic properties of tissue and where tissue stiff-
ness is obtained objectively, its usage is increas-
ing every day in our clinic and many centers [5-14]. 
Elastography can be performed using two major 
modalities: SE and SWE. The SE examination is gen-
erally used for the assessment of superficial tissue 
stiffness. During this examination, a relative strain 
ratio is obtained by referring to the target tissue 
and the muscle or adipose tissue that is close to the 
target tissue and whose stiffness is standard. At the 
same time, during the examination, color scale of 
the target tissue is obtained and information about 
tissue hardness is obtained [12, 21]. However, this is 
an operator-dependent examination and may not 
give a clearer result than the SWE examination. The 
most important problem is the difference in stiff-
ness value that can occur with the compression of 
the US probe to the target tissue. For this reason, 
two experienced ultrasonographers who have ex-
perience in SE and have done many studies carried 
out our study.
There is no study in the diagnosis and follow-up of 
PTO-related diseases by measuring tissue stiffness 
from PTO or ankle edema regions in diseases caus-
ing bilateral PTO in the literature. However, in sev-
eral studies, the mechanical properties of edema-
tous tissues were evaluated by US elastography. 
[5,6,15-19]. In the majority of these studies, the 
cause of PTO is usually lymphedema [5, 15-17, 19]. 
Lymphedema occurs frequently in patients under-
going surgery for breast cancer. Studies using the 
SE method, which included patients with breast 
cancer, have been shown to be able to objective-
ly diagnose and monitor parenchymal breast ede-
ma or lymphedema in these patients [15]. A recent 
study using the ARFI technique in patients with limb 
lymphedema demonstrated that cutaneous and 
subcutaneous tissue stiffness increased in patients 

with lymphedematous limb relative to the intact leg 
[5]. For this reason, it has been reported that elas-
tography examinations are non-invasive and easy 
to evaluate for the determination of the stiffness of 
the patients with lymphedema and follow-up of the 
treatment of these patients [5]. Another study eval-
uating edematous tissue by elastography was per-
formed in localized scleroderma patients [6]. In pa-
tients with localized scleroderma, skin stiffness is in-
creased in the affected areas and it is reported that 
non-invasively normal abnormal skin separation 
can be made by elastography in patients with local-
ized scleroderma [6].
Fluid-electrolyte balance is very important in pa-
tients with NS and end-stage renal diseases. When 
fluid overload or fluid depletion occurs in these 
patients, the necessary treatment should be per-
formed immediately. Because the initial peripheral 
edema can cause life-threatening congestive HF in 
later stages. Similarly, peripheral edema that occurs 
in patients with right-sided HF should be treated at 
the appropriate time and in an appropriate man-
ner, usually with hospitalization. Peripheral edema 
in patients with HFrEF and NS can be evaluated by 
non-invasive and invasive methods. Non-invasive 
evaluations included jugular venous distention, liv-
er enlargement, hepatojugular reflux, pleural effu-
sion and PTO as determined by physical examina-
tion, liver enlargement, ascites and increased liv-
er stiffness in abdominal US evaluation.  In the in-
vasive evaluation, right atrial pressure or central ve-
nous pressure is measured by central catheteriza-
tion. Both disease groups are treated appropriately 
as a result of these invasive and non-invasive assess-
ments. Unfortunately, all the evaluations obtained 
in the physical examination are related to the expe-
rience of the physician, especially whether the PTO 
is pitting or not, and the PTO grade varies between 
intraobserver and interobserver. In recent years, 
there have been studies on the determination of liv-
er stiffness by liver elastography in the evaluation of 
peripheral congestion in patients with HF. In these 
studies, it was reported that liver stiffness value in-
creased in patients with HF and this was positively 
related with right atrium mean pressure and NYHA 
class [7, 9].
Similar to increased liver stiffness due to peripheral 
congestion in patients with HFrEF, we thought that 
increased fluid output in the PTO area and chang-
es in the subcutaneous tissue could increase stiff-
ness in these tissues. Considering the pathophysiol-
ogy of PTO in patients with NS and HFrEF, different 
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mechanisms are known to cause PTO. The main 
problem in patients with HF is increased peripheral 
hydrostatic pressure. Oncotic pressure may be nor-
mal or decreased in this disease. As a result, an in-
terstitial fluid accumulates in the perivascular ar-
eas, usually similar to the patient's serum character-
istics, and forms PTO. This results a pitting edema in 
physical examination. The main cause of PTO in pa-
tients with NS is the decreased oncotic pressure due 
to hypoalbuminemia. Hydrostatic pressure may be 
reduced, normal or rarely increased. This is related 
to the hydration status of the patient. Therefore, a 
protein-poor interstitial edema occurs. As a result, 
tissue stiffness may be increased in patients with 
HFrEF in the PTO area compared to patients with 
NS. Tissue stiffness was measured by SE technique 
in a patient who was newly diagnosed with HFrEF 
or NS for the first time in the literature. Tissue stiff-
ness in the PTO region is objectively demonstrated 
by calculating the PTO-SR. As a result of our study, it 
was found that PTO-SR value in patients with HFrEF 
was significantly higher than patients with NS. In 
addition, PTO-SR may be used in the diagnosis of 
patients with HF. In addition, PTO-SR was found to 
be very close and positively correlated with TRPG, 
an elevated right-sided pressure indicator known to 
be associated with peripheral congestion. Both SWE 
and SE examinations are a non-invasive method 
that can be performed in a short period of time and 
for many diseases. Therefore, it may help conven-
tional diagnostic methods to differentiate NS and 
HFrEF in patients with PTO. In addition, the PTO-SR 
value, which can be measured non-invasively in pa-
tients with HFrEF, can be considered as an indicator 
of right-sided pressures.
This study has some important limitations. One of 
them was the number of patients included in our 
study and only patients with HFrEF and NS were in-
cluded as having PTO. It could be more meaningful 
if more patients and all of the diseases causing bilat-
eral PTO were included in the study. Another limita-
tion was only the newly diagnosed patients for both 
NS and HFrEF were included. Therefore, the effect of 

drugs on PTO-SR could not be evaluated. In a recent 
study, subcutaneous tissue US, subcutaneous tissue 
echogenicity and subcutaneous eco-free area were 
successfully evaluated for differentiation of lymph-
edema and venous insufficiency edema [18]. We did 
not evaluate these findings in our study. Our study 
is not a follow-up and prognosis study. The associa-
tion of PTO regression with treatment and progno-
sis of the disease has not been evaluated. By includ-
ing more patients, follow-up and prognosis stud-
ies can be performed only in patients with isolated 
HFrEF. 

CONCLUSION

PTO-SR was significantly increased in patients with 
HFrEF. An independent association was found be-
tween the PTO-SR and the presence of HFrEF, and 
the PTO-SR can be easily detected by SE. Increased 
PTO-SR value is closely related to increased TRPG. 
The PTO-SR is thus considered to be a simple, inex-
pensive, noninvasive, reproducible, and objective 
parameter for the prediction of HFrEF. In patients 
with PTO, we think that PTO-SR evaluations should 
become a part of conventional US assessments in 
patients who are at a high risk of HFrEF. Moreover, 
patients with PTO-SR > 0.7 should be closely fol-
lowed for possible HFrEF. Our study is the first study 
in which patients with PTO have undergone SE ex-
amination and a limited number of patients have 
been included. Therefore, we thought that mul-
ticenter studies involving more patients should 
be performed in order to use the PTO tissue stiff-
ness routinely.
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