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Prolonged Low-Intensity
Ultrasound Delivery as
Potential Kidneys
Treatment for Acutely
Decompensated Heart
Failure Patients
Patients hospitalized with acutely decompensated
heart failure (HF) may exhibit inadequate response to
diuretics and experience worsened renal function,
prolonged hospitalization, and poor outcome. A pri-
mary treatment goal for such patients is to clear
excessive fluid and sodium while preserving or
improving renal function. Some of the patients
require dialysis, which is invasive and might be
associated with known complications.

The innovative concept being evaluated includes
delivery of prolonged low-intensity ultrasound en-
ergy to the kidneys to potentially affect its mem-
branes by microvibrations, thus hypothetically
affecting the kidney’s function. This novel first-in-
human feasibility study evaluated the delivery of
such prolonged low-intensity ultrasound to the
kidneys as a potential noninvasive treatment option
for such patients. The study was approved by the
Brandenburg (Germany) Ethical Committee. The
primary endpoint of the study is safety of the use of
prolonged low-intensity ultrasound energy applied
to the kidneys, defined as the incidence and
severity of unanticipated ultrasound application–
related adverse events, and serious adverse events
related to the ultrasound application. The pre-
specified exploratory endpoint was defined as
improvement in one of a set of measurements,
including mean and relative change between “off”
and “on” phases in urine output rate, excess urine
output rate, sodium (Na) excretion rate, calculated
glomerular filtration rate (GFR) and other blood and
urine analytes.

Exposure of tissue to ultrasonic vibration may
potentially improve fluid and compound flow through
membranes.1,2 Ultrasound may be delivered non-
invasively through coupling of transducers to the
skin; thus, ultrasonic microvibrations would propa-
gate through the body.

The ultrasonic microvibrations may interact with
the membranes at the target area, affecting the
filtering or transport of solute and fluids. Unlike
therapeutic ultrasound devices that use high in-
tensity to heat tissue or high pressure to generate
cavitation and therefore are limited in duration of
treatment, the design of the ultrasound delivery used
herein is intended to offer a potentially prolonged
treatment option. Accordingly, to minimize tissue
damage, low intensity is used by design and no
ultrasonic contrast media (eg, microbubbles) is used.

In some clinical conditions, a desired prolonged
kidney treatment may last hours, a whole day, and up
to multiple days. In the present study, the ultrasonic
vibrations are generated noninvasively near the skin,
and may be aimed to a desired direction. Low-
intensity ultrasound allows prolonged exposure pe-
riods which are in line with safety recommendations.3

Low peak pressure is used to reduce undesired me-
chanical effects such as cavitations. Thus, the pro-
longed ultrasound energy is delivered with a low
thermal index and low mechanical index.4

This single-center, single-arm, open-label, feasi-
bility study was performed in Immanuel Hospital
Bernau, Heart Centre Brandenburg Bernau, Bran-
denburg Medical School (MHB), Germany, on a cohort
of 8 decompensated HF patients after at least 24
hours following admission with signs of inadequate
response to stable continuous intravenous diuretics.
Oral diuretics were not administered during the test.
Patients had a mean age of 78.8 � 6.9 (SD) [range: 68
to 87] years, 5 were male, estimated GFR averaged
40.9 � 11.5 (range: 24 to 52) mL/min/1.73m2, and left
ventricular ejection fraction averaged 30.0% � 7.6%
(range: 20% to 40%). The evaluation was performed
during a 10-hour period, with every case serving as its
own control with “off-on-off” phases of device acti-
vation, repeated in 2 test cycles. The duration of each
“off” or “on” phase was 1.5 hours. Washout periods
were applied at the start of each phase and were
excluded from analysis. During “on” phases, nonin-
vasive low-intensity ultrasound energy was delivered
to both kidneys. Evaluations included blood and
urine samples and measurement of urine output
every 30 minutes.

Patient characteristics at baseline, defined as
mean values averaged per test cycle per subject
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FIGURE 1 Mean Percent Change (“On” vs “Off” Phases)

Mean percent change per case per activation cycle, compared between “on” phase to the preceding and subsequent “off” phases in the measured values. ACR ¼ albumin

to creatinine ratio; FENA ¼ fractional excretion of sodium; GFR ¼ glomerular filtration rate; Na ¼ sodium.
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during both “off” phases, include urine output of
1.92 � 1.18 (SD) mL/min, excess fluid clearance of
0.97 � 0.85 mL/min, GFR of 44.5 � 15.9 mL/min,
and Na excretion 145.6 � 131.3 mmol/min. Mean
relative percent change per test cycle per subject
comparing each parameter between the subject’s
“on” to the “off” phases shows statistically and
clinically significant improvements (28.6% � 13.1%
SE) in urine output (P ¼ 0.046), 89.9 � 41.1% in
excess fluid clearance (P ¼ 0.045), 17.6 � 7.2% in
GFR (P ¼ 0.027), 34.2% � 13.2% in rate of Na
excretion (P ¼ 0.021) (Figure 1). Fluid intake did not
differ during “on” vs “off” phases (�13.9% � 9.4%;
P ¼ NS); thus, the observed improvements do not
result from increased fluid input. Mean urine
output, extrapolated to 24 hours, showed a trend of
2.8 � 0.4 L/day vs 3.7 � 0.7 L/day when comparing
“off” vs “on” phases, respectively. There was no
adverse event reported, no urine protein elevation,
no side effects reported, and no elevation in mean
albumin to creatinine ratio (trend of reduction:
�10.9% � 8.2%, P ¼ NS).

In this first-in-human feasibility study in a small
cohort of HF patients, the use of prolonged low-
intensity ultrasound energy delivered to the kidneys
was safe and showed statistically and clinically sig-
nificant improvements in all measured renal function
parameters, including increased removal of fluids and
solutes. This technology may have the potential as a
novel noninvasive device-based treatment option for
improving renal function in HF patients. Further
research is warranted.
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