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Abstract: Background: Lower limb chronic venous diseases (CVD) lead to possible edema. The aim of
the present investigation was to study the e↵ect of thermal aquatic standardize exercise on lower limb
edema control in CVD patients assessed by bioimpedance analysis (BIA). Methods: Seventeen patients
(34 legs) a↵ected by CVD clinical class CEAP C3,4c,Ep,As,Pr were included. All the cohort performed
a standardized exercise protocol in thermal water environment for a total of five sessions. BIA, leg
volume, and heart rate at rest were measured. Results: After the five exercise sessions, BIA showed
a significant percentage of extracellular water (ECW) reduction from 42.1 ± 5.8 to 41.24 ± 5.5%;
p < 0.001. Moreover, an improvement of resistance (p < 0.0009) and reactance (p < 0.009) was assessed.
At the same time, the leg volume reduction rate was 15.7%, p <0.0001. A moderate-strong correlation
was found between % ECW and leg volume variation (R = 0.59, p < 0.01). Finally, a significant HR at
rest reduction was recorded, p < 0.0001. Conclusion: The investigated exercise protocol significantly
a↵ects the lower limb volume, and BIA parameters related to the tissue drainage improvement.
The correlation founded between the ECW rate and volume variations suggest the possible use of
BIA as a biomarker for monitoring the treatments aimed to reduce edema in CVD.
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1. Introduction

Lower limb chronic venous disease (CVD) is a pathological condition which a↵ects a large part of
the population and leads to venous blood pooling and related edema formation [1].

In the initial CVD stages, the lymphatic and venous systems balance each other, while, in advanced
stages, the lymphatic drainage is unable to compensate for the excessive venous filtration, thus leading
to edema development [2,3].

Bioimpedance analysis (BIA) is a technique capable of measuring the impedance of the human
body, and it is funded on the ability of biological tissue to impede electric current the so-called
resistance [4,5].

There are di↵erent BIA measurement approaches: Single frequency, multiple frequencies,
and broadband frequency spectrum signals also known as bioimpedance spectroscopy (BIS). Moreover,
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BIA can be di↵erentiated in its use across the whole body, through body segments, or other alternative
analysis methods such as vector bioimpedance analysis and real time bioimpedance methods [4].

BIA presents the advantages of non-invasiveness, safety, non-operator dependency, portability,
and cost-e↵ectiveness. For all these advantages, several studies have been conducted on BIA and its
applications in body composition measurements and evaluation of clinical conditions [4]. Nevertheless,
the limited BIA accuracy in assessing body composition has been reported, in particular in pathological
fluids accumulation and in altered body geometry [6,7].

Body fluids are represented by the volume of fluids inside a human body. Total body water (TBW)
is made by intracellular water (ICW) (fluid inside the cellular mass) and extracellular water (ECW)
(fluid outside the cells) [4,8].

The body fluid composition assessment made by BIA is based on the inverse correlation between
body resistance and the TBW, by means of the calculation on di↵erent prediction equations [9,10].
Moreover, other important physical parameters of BIA are resistance (R), indicating the fluid contents,
and reactance (Xc), representing tissue composition [11–13]. Phase angle (PA) is another relevant
BIA parameter, obtained by the relationship between R and Xc, and thus associated with cellularity,
cell size, and integrity of the cell membrane. Low phase-angle values have been reported in case of
cellular death or altered permeability of the membranes following their integrity loss. PA represents an
important index for monitoring the presence and evolution of chronic inflammatory processes [14,15].

BIA use for lymphedema investigation was first reported in the early 1990s, considering ECW
evaluation as a fundamental parameter in the assessment of venous-lymphatic drainage alteration [16].
There have been several studies comparing BIA, ultrasonography, and limb circumference measurement
for early diagnosis of lymphedema, but they were mainly limited to the upper limb [17–20]. On the
contrary, only a few investigations correlated these outcomes in chronic lower limb lymphedema [13,21].

Exercise prescription, especially in an aquatic environment, has been demonstrated to be an
e↵ective adjuvant therapy for patients a↵ected by lower limb lymphedema [22–27]. The aim of the
present investigation was to study the e↵ect of thermal aquatic standardized exercise on lower limb
edema control in phlebolymphedema patients assessed by BIA.

2. Methods

2.1. Study Design and Population

This is a prospective study including 34 legs of 17 patients (12F/5M, mean age 61 ± 11; body mass
index (BMI) 27 ± 5; venous clinical severity score VCSS 9 ± 3) a↵ected by CVD (CEAP C3, 4c, Ep, As,
Pr) [1].

Inclusion criteria were:

- Age from 18 to 80 years old;
- BMI < 35;
- CVD with visible varicose veins and edema.

Exclusion criteria were:

- Cardiac comorbidity (e.g., congestive heart failure, cardiomyopathy, coronary artery disease);
- lower limb arterial disease;
- severe biochemical alterations (e.g., diabetes mellitus, hypothyroidism);
- chronic kidney disease;
- fear of water;
- venous active drugs and/or graduated compression use;
- use of drugs potentially leading to edema.

At the study enrollment, all the patients underwent a detailed ultrasound Doppler (Esaote
MyLab25, Genoa Italy) scanning of the deep, superficial, and perforating vein system, together with a
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vascular specialist visit. The use of graduated compression stockings during the investigation time
was excluded, since it constitutes a potential bias.

2.2. Exercise Program

All the cohort underwent a standardized exercise protocol [27] in a thermal water environment
designed to mobilize all the joints and empowering the muscular kinetic chains of the lower limb.
Each exercise session was 30 min long, for a total of 5 sessions in 14 days.

The standardized physical activity protocol was composed by the following exercises:

- Warming up by a cycling-like activity, in a supine position while holding the handrail;
- tip–toe exercise (four series of ten repetitions each);
- hip flexion–extension on the non-weight bearing limb (four series of ten repetitions each);
- tip–toe exercise on a step (four series of ten repetitions each);
- knee flexion–extension (four series of ten repetitions each);
- forward and backward walking for 5 min;
- lateral walking on both sides for 5 min;
- cycling-like single push while standing up on the contralateral limb (four series of ten

repetitions each);
- ankle flexion–extension while keeping the knee bent at 90� (four series of 10 repetitions each);
- cool-down by a cycling-like activity, in a supine position while holding the handrail.

All the exercises were performed in a thermal salso-bromo-iodine water pool of an authorized
thermal center of Abano Terme (PD)—Italy. The water of the Abano and Montegrotto (Veneto Region,
Italy) Euganean hills thermal basin reaches 80/90 �C before arriving at the surface, and the characteristics
of the thermal water is summarized in Table 1 [28].

Table 1. Euganean Hill thermal basin chemical–physical water properties.

Properties Value

Temperature before arriving at the surface 80/90 �C

pH 7.1

Conductivity 7042 µS/cm

Fixed residue at 180� 5050 mg/L

Sodium (Na+) 1239 mg/L

Potassium (K+) 88 mg/L

Calcium (Ca2+) 3667 mg/L

Magnesium (Mg2+) 80 mg/L

Silica (SiO2) 51 mg/L

Ammonium (NH4+) 2.7 mg/L

Total iron <0.05 mg/L

Sulfate (SO42�) 980 mg/L

Chlorides (Cl�) 2176 mg/L

Bicarbonate (HCO3�) 169 mg/L

Bromide (Br�) 13.6 mg/L

Iodide (I�) 0.82 mg/L

Hydrogen Sulfide (H2S) 1.67 mg/L
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The water temperature was maintained at 33 �C and the pool depth was 120 cm with an area of
25 m2.

2.3. Bioimpedance Analysis (BIA)

Before starting the data collection, all the patients were trained to carry out the BIA measurements
by themselves by means of a portable multifrequency instrument (Biody Xpert IITM; eBIODY SAS La
Ciotat, France). The multiple frequencies delivered by the instrument ranged from 5 kHz to 200 kHz,
while R, Xc, and PA were settled at 50 kHZ [11–15]. Soon after the recording, all the data were
transferred via Bluetooth technology on a computer and stored under a personal patient folder.

BIA was performed before the exercise session at baseline (T0), at 7 days (T7), and at 14 days
(T14), respectively.

The following BIA parameters have been assessed:

- ECW % calculated according to the following formula: (extracellular water/extracellular +
intracellular water) ⇥ 100 [29].

- R as the expression of extracellular fluids amount. This latter is inversely proportional to the
extracellular fluids components [13].

- Xc depends on the interaction between cell membranes and BIA current, and it is directly
proportional to cell density [13].

- PA is obtained through the relationship between direct measures of resistance (R) and reactance
(Xc). In young healthy subjects, the value ranged from 6� and 7�. In general, values < 5� indicate
a rupture of cell membranes or an accumulation of extracellular fluids, and values around 10�

indicate severe dehydration [14,15].

2.4. Lower Limb Volumetry

Before and after every single exercise session, the lower limb volume was assessed by water
displacement leg volumetry (WP), which is the gold standard for volume assessment, and it is a highly
reproducible method based on a simple physical principle [30].

The patient is sitting down in front of the WP, which is completely filled of water (13 L), and is
asked to put each leg inside the water displacement. The volume that overflows in the adjacent
container following the introduction of the leg represents an indicative parameter of limb volume.

The overflowing water container is calibrated on a graduated scale reporting every 50-mL variation.
The measurement of both legs was performed following the correct standard reported in the

literature [30,31]:

- The water level was above the pretibial region;
- the water temperature ranged from 28 �C to 32 �C;
- the subjects were measured in sitting and resting position
- the volume assessment was performed right before and right after the 5 exercise sessions
- the time of the measurements was between 9 and 12 a.m.

2.5. Heart Rate at Rest

The heart rate was measured at rest (resting-HR) by a portable pulse oximeter (JUMPER Finger
500A Meter Pulse Portable, Germany), at baseline, and after 2 days from the end of the exercise program.

All subjects gave their informed consent for inclusion before they participated in the study.
The study was conducted in accordance with the Declaration of Helsinki, and the protocol

was approved by the Ethics Committee of Ferrara University–Hospital [approval number:
EM83-2019_UniFe/170293_EM1–23/01/2019].
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2.6. Statistical Analysis

Prism 8—vers.8.2.1, 2019 (GraphPad Softwere Inc. San Diego, CA 92108, USA) was used
for statistical analysis. The data were expressed as mean and standard deviation or percentage.
The Kolmogorov-Smirnov test was used to assess the data distribution. Clinical data relating to the
two legs of each patient were averaged to obtain a single numerical value to simplify the analysis and
the amount of data to present.

The di↵erences in ECW, R, Xc, PA, lower limb volume, and resting-HR were performed using the
two-tailed Student t-test for paired data or Wilcoxon test as appropriate.

Pearson’s correlation coe�cient was used to calculate the linear correlation between ECW variation
(T0–T14) and leg volume variation (T0–T14). The R cut-o↵ points were the following: 0.00–0.39 “weak
correlation”; 0.40–0.89 “moderate-strong correlation”; 0.90–1 “very strong correlation” [32]. Statistical
significance was defined as p < 0.05.

3. Results

All the included participants accomplished the protocol and neither major nor minor adverse
events were reported.

3.1. BIA

BIA showed a progressive significant % ECW reduction both during the first week (T0–T7) and
the second week (T7–T14) of exercise program, Figure 1.
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Figure 1. Decreasing in extracellular water rate (% ECW) from baseline (T0); to 7 days (T7) and
14 days (T14).

A statistically significant improvement of R was recorded after 5 exercise sessions (Figure 2).
Regarding the Xc, no significant di↵erences were assessed in the first week (T0–T7), whereas

a significant improvement was recorded during the second week of the exercise program (T7–T14),
leading to a significant increasing of such a parameter from baseline (T0) to the end of the protocol (T14).

Finally, no statistically significant di↵erences were measured among the measured PA.
Table 2 shows the detailed variations of BIA parameters.
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Table 2. BIA (bioimpedance analysis) parameter changes along the exercise program.

Baseline (T0) 7 Days (T7) 14 Day (T14)
p Value

(T0-T7)

p Value

(T7-T14)

p Value

(T0-T14)

% ECW 42.1 ± 5.8 41.8 ± 5.5 41.2 ± 5.5 0.001 0.03 0.001

R (Ohm) 455.4 ± 78.2 471. 0 ± 81.1 488.1 ± 83.6 0.001 0.05 0.0009

Xc (Ohm) 53.1 ± 11.9 54.2 ± 11.7 57.6 ± 14.7 0.2602 0.04 0.009

PA
� 6.6 ±0.7 6.5 ± 0.8 6.6 ± 0.9 0.3761 0.2305 0.5610

% ECW= extracellular water rate; R = resistance; Xc = reactance; PA = phase angle.
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3.2. Lower Limb Volume

A statistically significant volume reduction was measured along the five sessions (Figure 3),
and the detailed values are shown in Table 3. The volume variation rate from T0 to T14 was 15.7%,
p <0.0001.

Table 3. Leg volume variation pre- and post-exercise of every single session.

Session Leg Volume Pre-Exercise (mL) Leg Volume Post-Exercise (mL) Variation (%) p

S1 2288 ± 348 2079 ± 385 �9.1% 0.0001

S2 2244 ± 310 2032 ± 338 �9.4% 0.0001

S3 2237 ± 327 2024 ± 356 �9.5% 0.0001

S4 2216 ± 335 2012 ± 367 �9.2% 0.0001

S5 2172 ± 310 1928 ± 321 �11.2% 0.0001

Furthermore, a “moderate–strong” correlation was found among the assessed % ECW and leg volume variation
(Pearson coe�cient R = 0.59, p < 0.01), see Figure 4.
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3.3. Resting-HR Measurement

A statistically significant resting-HR decreasing was recorded following the five exercise sessions
(from 78.8 ± 3.8 bpm to 77.4 ± 3.9 bpm; p < 0.0001), see Figure 5.
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4. Discussion

Despite the apparently obvious beneficial pressure e↵ect of water in case of CVD, the use of
such aquatic environments for lower limb drainage improvement is currently a↵ected by a paucity
of investigations on the topic [27,33]. Moreover, the salso-bromo-iodine water has demonstrated
beneficial e↵ects on chronic inflammation of di↵erent origin with a consistent literature body, especially
on its use for musculo-skeletal diseases [28,34–40].

The most relevant finding of our study is the significant edema reduction measured by the gold
standard method (WP), and its moderate–strong correlation with the % ECW variation. For this reason,
BIA become of particular interest, integrating the limb volume measurements that are not able to
discriminate between intra and extracellular water. Among the BIA parameters, R and Xc have been
found to be useful in the assessment of CVD-related edema.

Both of them showed a significant improvement along the exercise sessions according to the
trend of ECW rate and lower limb volume. Similar to previous studies on decongestive treatments
for lymphedema [13] and CVD treatments monitored by bioimpedance spectroscopy [41], the R
demonstrated a higher sensitivity than Xc for edema follow-up.

On the contrary, according to this study, PA did not show significant sensitivity in the CVD-related
edema monitoring. The finding could be justified by PA correlation with the cellular metabolism rather
than fluid dynamics [14,15,42]. In the literature, PA was demonstrated to be reliable in the assessment
of the health condition and metabolic status, thus future investigations should be addressed to measure
its utility in CVD patients a↵ected by the most severe stages and with significant comorbidities, such as
obesity, diabetes, and renal or cardiovascular failures.

Our study pointed out that PA still remains within the normal range, indicating the health cellular
status of our population, without variations following five thermal water exercise sessions.

The herein reported data pave the way for further detailed investigations aimed to assess the e↵ect
of di↵erent treatments associated with muscle pump activation on specific edema components, such as
the extracellular water. In-depth investigations of the correlation between limb volume and fluid
component variations following standardized exercise protocols and external compressions and/or
venous active drugs use are needed.
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Interestingly, the experimental exercise protocol was not able to decrease the lower limb volume
in between the single sessions, thus suggesting the need of proper exercise/graduated compression
stocking use in between.

Aquatic immersion presents significant potential benefits for lower limb CVD edema control,
modulating the transmural pressure (TMP). The rationale of the therapeutic e↵ects of the aquatic
exercise is based on the physics law regarding the TMP and Stevin’s Law. [27,33]

Aquatic environment also enhances muscle activation and joint mobilization by removing part of
the gravitational load, increasing proprioceptive system stimulation, amplifying the external sensorial
stimulus [28,34]. All these physical e↵ects are due to the buoyancy of the aquatic mean.

Moreover, the hydrostatic pressure exerted by water generates a naturally graduated compression
from the ankle to the thigh, mimicking an enhanced graduated compression stocking, whose tolerability
is maximized since it is not perceived by the patient.

Chronic venous and lymphatic disorders are characterized by increased TMP leading to the
ultrafiltration of water and peptides in the interstitial compartment, which is the main mechanism of
edema pathogenesis according to Starling law [43,44].

Standard treatment of advanced CVD stages complicated by edema includes surgery and
compression. Surgery improves TMP by reducing the internal venous pressure whereas compression
by reducing the TMP increasing the external pressure [45,46]. Conservative based treatments of
CVD embrace either the ones acting though decreasing the gravitational hydrostatic pressure such
as postural exercises leg elevation, or the ones working to increase the external venous pressure like
bandaging/stockings, [45,46] pneumatic compression [45], and, of course, immersion into liquids [27,33].

Our aquatic exercise protocol, similar to compression, mechanically improves TMP by increasing
the external pressure together with muscle pump training and correct joint mobility activation.

It has been described that methods based on TMP reduction act on the modulation of some plasma
inflammatory markers, including key inflammatory molecules mediating edema as a manifestation of
chronic inflammation [46]. Moreover, in CVD patients, in particular the most severe stages (C3, C4,
C5) and during disease relapses, high circulating levels of the cytokine-chemokine cascade have been
assessed [47].

Fluid reabsorption, together with lower limb muscle strengthening and proper ankle joint
activation, are transmitted into the microcirculation system influencing chronic inflammation,
potentially involving cytokines cascades, as already demonstrated in patients a↵ected by chronic
venous disease [47–49].

Such an e↵ect together with the adjuvant e↵ect of salso-bromo-iodine water might explain the
reason of our results.

In addition, the robust correlation founded between WP and BIA suggest the possible use of this
method as a biomarker for monitoring the treatments aimed to reduce edema in CVD.

There are several advantages including the possible use of portable instruments,
the cost-e↵ectiveness, the quick and easy operator training, and the reduced time in test performance.
Thus, in perspective, this portable tool becomes helpful to avoid the time-consuming measurement
protocol, especially in the out-patient setting, which is particularly interesting for any study aimed to
assess the e↵ects of exercise on the vascular system.

Water training also has some mild e↵ects on the cardiovascular system such as peripheral
vasodilation, blood pressure reduction, initial tachycardia followed by reduction of HR at rest, and an
increase in cardiac workload [34,50,51]. Our preliminary results also confirm the cardiovascular
adaptation with a significant reduction of resting-HR at the end of the five exercise sessions.

The major limitation of our study is the lack of a control group. However, this study was aimed to
assess the possibility of using BIA as biomarker of lower limb chronic edema, as well as its ability to
monitor the changes over time as compared to the gold standard.

Another shortcoming is the use of an instrument that does not allow a sectorial evaluation. R, Xc,
and % ECW are calculated on the whole body and not limited to the lower limb, and for such reason
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the use of devices allowing a sectorial evaluation could lead to even more accurate data, but it would
not have the advantages of a portable tool. Nevertheless, these parameters present a statistically
significant variation, making it a potentially useful portable tool for CVD-related edema monitoring.

Moreover, a complete circulatory cytokines assessment which potentially might correlate with the
measured anti-edema e↵ect can corroborate the findings of this study.

Further investigations should include a complete cardiovascular assessment in order to understand
the possible e↵ect of cardiac workload improvement on the peripheral fluid reabsorption. Finally, long
term follow-up is also needed to establish how much of all the registered variations can be maintained
along the time.
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