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Objective: Wearable  ultrasound  is  emerging  as  a  promising  approach  for  continuous  cardiovascular  monitoring,  extending
conventional  ultrasound  from  intermittent  examinations  to  prolonged,  hands-free  assessment.  This  review  summarizes  recent
progress  in  these  major  cardiovascular  applications,  with  particular  attention  to  their  clinical  validation  and  translational
potential.
Methods: A  literature  search  was  performed  using  PubMed  (January  2021  to  August  2026)  utilizing  keywords  related  to
wearable ultrasound (e.g.,  "wearable", "skin-mounted", "ultrasound", "Doppler") combined with cardiovascular terms. Eligible
original  research  articles,  including  human  studies,  animal  investigations,  and  ultrasound  sensing-platform  studies  that
demonstrated relevant mechanisms or technical feasibility, were selected.
Results:  Recent  advances  in  flexible  transducers,  stable  acoustic  coupling,  and  automated  signal  analysis  have  enabled
continuous cardiac imaging, non-invasive blood pressure monitoring, and dynamic assessment of vascular hemodynamics and
arterial stiffness. Current studies have demonstrated continuous acquisition of cardiac images and functional parameters, cuffless
blood  pressure  tracking  under  dynamic  conditions,  and  wearable  measurement  of  vascular  flow and  local  arterial  mechanical
properties.  Among  these  applications,  continuous  cuffless  blood  pressure  monitoring  currently  has  the  most  mature  clinical
validation. However, most applications remain at the physiological validation or early clinical feasibility stage, and evidence for
long-term reliability, generalizability, and clinical benefit is still limited.
Conclusion: Future research should focus on robust continuous monitoring in real-world patients and on demonstrating whether
wearable ultrasound can provide clinically actionable information beyond conventional intermittent ultrasound.
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C ardiovascular disease remains a leading cause of
death  and  disability  worldwide.  Global  Burden
of  Disease  data  show  that  it  continues  to

account  for  a  substantial  proportion  of  global  mortality
and  disability-adjusted  life  years  [1].  Cardiovascular
physiology  is  inherently  dynamic:  cardiac  function,

blood pressure,  blood  flow,  and  vascular  wall  mechan-
ics vary  with  posture,  exercise,  emotional  stress,   treat-
ment,  and  disease  progression.  Continuous,  non-inva-
sive assessment of cardiovascular structure and hemody-
namics  therefore  addresses  an  important  limitation  of
intermittent examinations.
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Wearable sensing  technologies  based  on   electrocar-
diography  (ECG)  and  photoplethysmography  (PPG)
have  enabled  long-term  out-of-hospital  recording  of
heart rate, rhythm, and peripheral pulse signals. Howev-
er,  these  modalities  primarily  capture  electrical  activity
or superficial optical volume changes and do not direct-
ly  characterize  ventricular  motion,  deep-vessel  dimen-
sions,  blood-flow  velocity,  or  vascular  wall  mechanics
[2]. Cuff-based blood pressure measurement is intermit-
tent, whereas  invasive  arterial  pressure  monitoring  pro-
vides  beat-to-beat data  but  requires  arterial   catheteriza-
tion  and  is  therefore  largely  confined  to  perioperative
and intensive care unit  (ICU) settings because of   infec-
tion,  bleeding,  and  vascular  complications  [3,4].  Con-
ventional echocardiography and vascular ultrasound pro-
vide  rich  structural  and  flow  information,  but  their
dependence  on  bulky  equipment,  trained  operators,  and
episodic examinations limits prolonged monitoring [5].

Wearable  ultrasound offers  a  potential  bridge  across
this  gap.  Advances  in  flexible  piezoelectric  materials,
micromachining, system integration,  and artificial   intel-
ligence (AI) have enabled a transition from convention-
al  handheld  probes  to  conformal,  skin-mounted  plat-
forms  [6-8].  In  cardiovascular  applications,  wearable
ultrasound has enabled continuous cardiac imaging with
automated left ventricular analysis [9], continuous blood-
pressure  monitoring  and  carotid  flow  assessment  [10-
12],  transcranial  three-dimensional  Doppler  imaging
[13],  and  AI-assisted  identification  of  elevated  central
venous pressure in critically ill patients [14].

This  review  focuses  on  the  clinical  translation  of
wearable  ultrasound  for  cardiovascular  monitoring.  We
first summarize the enabling technologies, then examine
continuous  cardiac-function  assessment,  non-invasive
blood-pressure monitoring, vascular hemodynamics and
arterial  stiffness,  and  emerging  applications.  Particular
emphasis is placed on the maturity of clinical evidence,
reference-standard validation, and the barriers that must
be addressed before routine use.

For this review, wearable ultrasound is operationally
defined as an ultrasound sensing or stimulation platform
designed  to  remain  attached  to  the  body  and  permit
repeated or  continuous  acquisition  or  stimulation  with-
out  an  operator  continuously  holding  the  transducer.
Wearability does not require a flexible transducer, wire-
less  communication,  or  fully  integrated  processing;
wired patches connected to external acquisition systems
are therefore  included.  Conventional  handheld   ultra-
sound  examinations,  non-ultrasound  wearable  sensors,
and  fully  implanted  ultrasound  devices  are  outside  the
primary scope.

The  literature  search  was  performed  using  PubMed,
covering the period from January 2021 to August 2026.

The  keywords  used  for  the  research  were  “wearable”,
“skin-mounted”,  “ultrasound”,  “ultrasonic”,  “Doppler”,
combined  with  cardiovascular  terms  including  “cardio-
vascular”,  “cardiac”,  “heart”,  “blood  pressure”,  “blood
flow”,  “hemodynamic”,  “haemodynamic”,  “arterial”,
“artery”,  “arteries”,  “vascular”,  and  “venous”.  Eligible
original research included human studies,  animal inves-
tigations,  and  ultrasound  sensing-platform  studies.
Human  studies  included  healthy-volunteer  investiga-
tions,  patient  cohorts,  case  series,  and  individual  case
reports. Animal  studies  and  bench  or  phantom   evalua-
tions  of  ultrasound  sensing  platforms  were  considered
when they demonstrated relevant mechanisms, technical
feasibility,  or  enabling  technologies.  Studies  were
excluded  when  the  wearable  component  used  a  non-
ultrasound sensing modality, ultrasound served only as a
reference  examination,  the  device  was  fully  implanted,
or the application fell  outside the review scope.  Of 170
retrieved  records,  40  relevant  original  research  articles
were  selected  according  to  the  inclusion  criteria  and
exclusion criteria.

 Technological Foundations of Wearable Ultra-
sound

Wearable  ultrasound  is  not  simply  a  miniaturized
conventional  probe.  Clinically  useful  systems  must
acquire  stable  and  interpretable  signals  over  time  with
minimal operator  intervention.  Three  elements  are   cen-
tral:  conformal  transducers  and  system  integration,
durable  acoustic  coupling,  and  automated  tracking  and
parameter  extraction  [6,7,15].  Figure  1  illustrates  the
overall  workflow  from  ultrasound  signal  acquisition
through  on-board  processing  and  wireless  transmission
to automated analysis and cardiovascular parameter out-
put.

 Conformal transducers and system integration
Conventional rigid  probes  are  poorly  suited  to   pro-

longed  attachment  over  curved  surfaces  such  as  the
chest,  neck,  and  limbs.  Flexible  piezoelectric  arrays,
micromachined  ultrasonic  transducers,  and  stretchable
interconnects can better conform to body contours while
maintaining acoustic contact during motion [15-17]. Hu
et  al.  developed  a  chest-mounted cardiac  imager   capa-
ble of continuous cardiac imaging [9], whereas Lin et al.
integrated a flexible transducer,  control  electronics,  and
wireless  communication  into  a  single  platform  for
autonomous monitoring  of  deep  tissues  during   move-
ment [5].

For clinical  use,  flexibility  or  piezoelectric   perfor-
mance alone is insufficient. A wearable transducer must
preserve  penetration  depth,  signal  quality,  and  target
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coverage  across  different  body  contours  and  activity
states.  Accordingly,  the  field  is  shifting  from  device
flexibility  alone  toward  long-term  signal  stability  and
higher levels of system integration.

 Long-term acoustic coupling and motion stability
A stable skin-transducer interface is essential for con-

tinuous monitoring. Conventional liquid coupling agents
can dry out or migrate during prolonged use. Wang et al.
developed a bioadhesive ultrasound patch using a hydro-
gel-elastomer coupling  layer  that  maintained  skin   con-
tact and supported continuous imaging for up to 48 h in
human testing [18].

Signal  stability  nevertheless  remains  vulnerable  to
perspiration,  respiration,  postural  change,  muscle
motion,  and relative patch displacement.  In  cardiac and
vascular  applications,  small  positional  shifts  may  move
the target outside the effective acoustic window. Future
systems  therefore  need  not  only  more  robust  fixation
and  coupling,  but  also  automated  detection  of  target
loss, dynamic compensation, and signal-quality control.

 Automated  tracking  and  extraction  of  clinical
parameters

Conventional  ultrasound  relies  on  real-time  operator
adjustment  to  obtain  and  maintain  appropriate  views.
Truly  continuous  wearable  monitoring  requires  this
dependence  to  be  reduced.  Automated  target  tracking,
image  segmentation,  and  physiological  parameter
extraction  are  therefore  core  components  of  wearable
systems.

For cardiac monitoring, deep-learning algorithms can
segment the left ventricle (LV) from continuous images,
generate  volume-time curves,  and derive stroke volume
(SV),  cardiac  output  (CO),  and  left  ventricular  ejection
fraction  (LVEF)  [9]. For  vascular  monitoring,  automat-
ed wall and lumen tracking can provide vessel diameter,
blood  pressure,  and  local  mechanical  indices,  while
Doppler signals yield flow velocity and timing parame-

ters.  Lin  et  al.  further  used  machine  learning  to  track
moving deep-tissue targets  with  minimal  operator  input
[5].

The  key  transition  is  therefore  from a  skin-mounted
probe  to  an  integrated  monitoring  pipeline  comprising
stable  acquisition,  automated  tracking,  quality  control,
and  parameter  extraction  (Fig.  1).  The  clinical  value  of
prolonged  monitoring  depends  on  whether  continuous
images and signals can be converted reliably into inter-
pretable quantitative information.

 Continuous Monitoring of Cardiac Function

 Continuous  cardiac  imaging  and  quantification  of
systolic function

Continuous  non-invasive  cardiac  assessment  is  one
of the  most  distinctive  applications  of  wearable   ultra-
sound. Conventional echocardiography provides detailed
structural  and  functional  information  but  remains
episodic and operator dependent. Wearable patches offer
a potential route to hands-free monitoring at the bedside,
at home, and during physical activity [9].

In 2023,  Hu et  al.  reported a wearable cardiac ultra-
sound  imager  capable  of  continuous  real-time  B-mode
imaging in  humans [9].  Two orthogonal  arrays  allowed
acquisition of commonly used echocardiographic views,
including  apical  four-chamber,  apical  two-chamber,
parasternal  long-axis,  and  parasternal  short-axis  views
without  manual  probe  rotation.  The  3-MHz  transducer
used a 0.4-mm element pitch to balance penetration and
spatial resolution. Deep-learning segmentation of the LV
generated  continuous  volume-time  curves  from  which
end-diastolic  volume  (EDV),  end-systolic  volume
(ESV), SV,  CO,  and  LVEF  could  be  derived.  LV   vol-
umes and derived functional indices showed good agree-
ment with commercial echocardiography in the evaluat-
ed cardiac cycles [9].  The major advance was therefore
not  continuous  image  acquisition  alone,  but  conversion

 

Wearable-ultrasound cardiovascular monitoring pipeline

A Signal acquisition B On-board C Analysis and output

On-board
Processing & Wireless AI-assisted segmentation

and signal analysis

Cardiovascular parameter

outputFlexible ultrasound
transducer

Acoustic
coupling layer

Cardiac
applicationsbeamforming

signal-quality
check

Skin
ADC

Vascular
applications

Blood vessel Signal processing &
wireless transmission

Figure 1    Conceptual  pipeline  for  wearable  ultrasound cardiovascular  monitoring.  (A)  Signal  acquisition  using  a  flexible  ultrasound transducer  and  an
acoustic  coupling layer  at  the  skin interface;  (B)  On-board electronics  support  signal  acquisition,  processing,  and wireless  transmission;  (C)  AI-assisted
segmentation and signal analysis, together with signal-quality assessment, enable parameter extraction for cardiac and vascular applications. The schemat-
ic illustrates a general workflow; the implementation and location of processing steps vary across devices. ADC, analog-to-digital converter; AI, artificial
intelligence.
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of continuous imaging into quantitative cardiac-function
trajectories.

Lin et al. extended this concept with a fully integrat-
ed  ultrasonic-system-on-patch  (USoP)  for  autonomous
monitoring of deep tissues in moving subjects. The sys-
tem  tracked  physiological  signals  from  depths  of  up  to
164  mm  and  monitored  central  blood  pressure,  heart
rate,  and  CO  for  up  to  12  h  during  movement  [5].
Although  the  system  was  not  designed  primarily  for
direct  cardiac  imaging,  it  demonstrated  that  wearable
ultrasound can  support  prolonged  autonomous   cardio-
vascular monitoring with limited operator intervention.

A  subsequent  dual-patch system  enabled   syn-
chronous  cardiac  and  carotid  ultrasound  monitoring,
combining  automated  image  analysis  with  a  circulatory
model.  Evaluation in five healthy participants and three
patients  with  coronary  and/or  carotid  artery  disease
demonstrated early  feasibility  for  integrated   cardiovas-
cular assessment, but the very small patient sample does
not establish diagnostic performance [19].

Key  parameters  and  validation  characteristics  of
these and other cardiac monitoring studies are compared
in  table  1. These  findings  should  nevertheless  be   inter-
preted  cautiously.  The  study  by  Hu  et  al.  primarily
established  proof-of-concept and  physiological   valida-
tion in healthy participants and evaluated a limited num-
ber of cardiac cycles rather than diagnostic performance
in patients with heart failure, cardiomyopathy, or periop-
erative  instability[9]. Wearable  images  also  differ   sys-
tematically from conventional echocardiography in view
angle,  resolution,  and  acoustic-window  stability.  Most
current  segmentation  models  have  been  trained  under
controlled  conditions.  A  self-supervised  segmentation
pipeline  trained on 450 conventional  echocardiographic
examinations  and  tested  on  18,423  examinations
achieved  performance  comparable  to  supervised
approaches [20], and fine-tuned foundation models have
shown improved cross-device and cross-institution gen-
eralization [21]. However, these approaches still require
dedicated validation on wearable cardiac ultrasound. At
present, wearable ultrasound has demonstrated the abili-
ty to  acquire  images  suitable  for  quantitative  LV   sys-
tolic  assessment,  but  its  clinical  performance  across
diverse cardiovascular diseases remains unestablished.

 Cardiac  monitoring  during  exercise  and  dynamic
physiological states

The  main  advantage  of  wearable  ultrasound  over
repeated  resting  examinations  may  lie  in  continuous
monitoring  under  dynamic  conditions.  Conventional
stress  echocardiography  generally  acquires  images
before exercise, immediately after exercise, or at select-
ed stages;  maintaining a stable cardiac view throughout

active exercise is difficult.
Hu  et  al.  continuously  recorded  LV  motion  at  rest,

during  cycling,  and  throughout  recovery  [9].  B-mode
and  M-mode  signals  remained  obtainable  despite
marked increases  in  heart  rate.  During  recovery,   auto-
mated analysis captured continuous changes in LV vol-
ume,  SV,  CO,  LVEF,  and  heart  rate.  Such  trajectories
provide physiological information that cannot be recon-
structed reliably from a few isolated measurements.

Exercise  monitoring  remains  constrained  by  cardiac
acoustic-window  availability.  In  the  Hu  study,  LV
dimensions  were  not  consistently  measurable  in  the
standing  position,  and  deep  inspiration  after  strenuous
exercise  could  transiently  obscure  the  cardiac  acoustic
window  with  lung  tissue  [9].  Continuous  detection  of
cardiac activity is therefore not equivalent to continuous
quantitative echocardiography.

 Continuous monitoring  of  heart  rate  and  mechani-
cal cardiac activity

In  addition  to  B-mode  imaging,  M-mode  ultrasound
can  provide  high-temporal-resolution  tracking  of  cyclic
myocardial motion and can be used to derive heart rate.
Unlike  ECG, which records  electrical  activity,  M-mode
ultrasound directly reflects mechanical contraction. This
distinction  may  be  useful  in  settings  such  as  pulseless
electrical  activity  (PEA),  where  organized  electrical
activity may  persist  without  effective  mechanical   con-
traction[6].  However,  ECG  remains  substantially  better
established  for  long-term  arrhythmia  detection.  The
more  distinctive  role  of  wearable  ultrasound  may  be
complementary mechanical  assessment.  When   integrat-
ed with ECG and PPG, it can align electrical activation,
pulse  transmission,  and  cardiac  mechanical  contraction
within a single continuous recording.

 Myocardial strain and diastolic function
Myocardial  strain  is  a  sensitive  marker  of  systolic

and  diastolic  function  and  is  conventionally  assessed
using speckle tracking or tissue Doppler imaging (TDI).
Translation to  wearable  ultrasound  is  technically   chal-
lenging  because  deformation  of  flexible  arrays  changes
element  geometry  and  can  introduce  beamforming
errors. Huang et  al.  highlighted the  need for  phase cor-
rection  and  shape-estimation  algorithms  to  compensate
for  geometric  distortion  [15].  Adaptive  beamforming
with  geometry-aware  phase  correction  may  therefore
provide  a  signal-processing  basis  for  future  wearable
strain analysis.

Clinical  evidence  for  diastolic-function  assessment
remains limited. Continuous LV volume curves from the
Hu  platform  captured  filling  dynamics,  but  wearable
measurements of standard indices such as E/A or e' have
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not  been  systematically  validated  [9].  Accordingly,  the
use  of  wearable  ultrasound  for  diastolic  dysfunction  or
heart  failure  with  preserved  ejection  fraction  (HFpEF)
remains investigational.

 Clinical prospects
Potential  applications  include  heart-failure  manage-

ment,  perioperative  and  critical-care  monitoring,  and
cardiac  rehabilitation,  where  function  may  change  over
hours to days while conventional echocardiography pro-
vides  only  intermittent  snapshots.  Continuous  SV,  CO,
LVEF,  or  other  mechanical  indices  could  in  principle
reveal  early  deterioration  or  treatment  response.
Although  segmentation  models  have  been  evaluated  on
clinical conventional echocardiography datasets [20,21],
their performance cannot be assumed to transfer to wear-
able  images.  Wearable  cardiac-function assessment  still
requires  validation  in  patients  with  abnormal  anatomy,
poor  acoustic  windows,  or  arrhythmias  [9].  However,
most  representative  studies  remain  feasibility  studies  in
healthy  participants,  and  prospective  disease-specific
cohorts  are  scarce.  A  scoping  review  of  non-invasive
wearable  technologies  for  heart  failure  similarly  found
that most systems remain at the feasibility stage and that
randomized  evidence  for  improved  outcomes  is  limited
[24].  Wearable  cardiac  ultrasound  should  therefore  not
yet be considered established for diagnosis, risk stratifi-
cation,  or  treatment  guidance.  Representative  studies  of
wearable cardiac-function monitoring are summarized in
table 1.

 Continuous  Non-Invasive  Blood  Pressure
Monitoring

Blood pressure (BP) is central to cardiovascular risk
assessment and hemodynamic management, yet existing
methods  trade  continuity  against  invasiveness.  Cuff-
based devices  provide  validated  but  intermittent   mea-
surements, and ambulatory BP monitoring remains inter-
mittent.  Arterial  catheters  provide  beat-to-beat  pressure
waveforms but are invasive and largely restricted to set-
tings that justify continuous invasive monitoring. Wear-
able  ultrasound  offers  a  distinct  approach  by  directly
tracking deep arterial wall motion and diameter changes
rather than relying solely on peripheral optical pulse sig-
nals.

 Continuous  BP  estimation  from  arterial  wall
dynamics

Pulsatile  pressure  causes  cyclic  arterial  expansion
and  recoil.  Wearable  ultrasound  can  track  the  near  and
far arterial walls using pulse-echo measurements, derive
time-varying  diameter  or  cross-sectional area,  and   con-
vert wall  motion into a pressure waveform using a ves-

sel pressure-area relationship after reference calibration.
A  key  advantage  is  that  ultrasound  interrogates  the

artery itself. Radial, brachial, and carotid arteries can be
targeted  depending  on  the  application.  Wang  et  al.
developed an early conformal ultrasound patch that con-
tinuously recorded  vascular  pulse  and  pressure   wave-
forms  from  carotid  and  radial  sites  using  an  ultrathin
stretchable design [25]. Sempionatto et al. later integrat-
ed ultrasound with electrochemical biosensors in an epi-
dermal multimodal  patch,  allowing  hemodynamic  mea-
surements  to  be  synchronized  with  metabolic  markers
such  as  lactate  and  glucose  [26].  These  early  systems
also  exposed  a  practical  limitation:  a  narrow  acoustic
window makes measurements susceptible to small shifts
in patch  position.  Subsequent  development  has   there-
fore focused increasingly on robust  target  coverage and
tracking during real-world activity.

Local pulse wave velocity (PWV) provides an alter-
native route to pressure estimation. Zhou et al. used dual-
site  piezoelectric  micromachined  ultrasonic  transducers
(PMUTs)  to  measure  local  PWV  from  pulse  transit
between  two  nearby  arterial  sites  and  infer  continuous
BP  from  vascular  mechanics  [27].  In  human  testing,
mean absolute errors  for  systolic  and diastolic  BP were
both  below  4  mmHg.  The  method  avoids  explicit
reliance on a detailed pressure-area calibration curve but
still requires initial reference BP calibration.

 Clinical validation of wearable ultrasound BP moni-
toring

A major advance was the progression from proof-of-
concept and  physiological  validation  in  healthy   volun-
teers  toward  clinical  reference-standard  validation  in
patient  cohorts.  Zhou  et  al.  developed  an  improved
wearable  ultrasound  BP  sensor  with  closely  spaced
acoustic  windows  and  a  backing  layer  designed  to
improve vessel  coverage  and  suppress  unwanted   trans-
ducer  vibration  [10]. The  study  included  117   partici-
pants across several protocols. In seven participants, the
device tracked BP responses to cycling, limb movement,
mental  arithmetic,  meditation,  food  intake,  and  energy-
drink  consumption,  demonstrating  its  ability  to  capture
rapid hemodynamic changes  that  intermittent  cuff  mea-
surements may miss.

In 85 participants,  a  supine-standing-supine protocol
tested dynamic performance during postural change. The
device  tracked  systolic  and  diastolic  BP  trends  with
good  agreement  with  cuff  measurements  [10].  These
data  support  sensitivity  to  posture-related  BP  variation,
although  diagnostic  performance  for  orthostatic
hypotension has not yet been established in an appropri-
ate patient cohort.

More  clinically  relevant  evidence  came  from  21
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patients  undergoing  cardiac  catheterization,  in  whom
wearable  measurements  were  compared  with  invasive
arterial pressure recordings [10]. The device tracked sys-
tolic,  diastolic,  and  mean  arterial  pressure  with  close
agreement  with  the  arterial-line  waveform  (Table  2),
representing  the  clinical  reference-standard  validation
stage.

Yuan et  al.  also  demonstrated  continuous  BP  moni-
toring using a skin-adaptive focused ultrasound (SAFU)
transducer,  including  24-h  recording.  Stable  pressure
waveforms were  maintained  during  handgrip  and   step-
ping exercises, and measurement error remained below 3
mmHg within a defined range of positional offset, indi-
cating  improved  tolerance  to  moderate  misalignment
[28].

 Clinical value and current limitations
The main clinical value of continuous ultrasound BP

monitoring is not another isolated BP reading, but access
to  transient  and  time-dependent  pressure  behavior.  BP
can  change  substantially  over  seconds  to  minutes  with
posture,  exercise,  meals,  emotional  stress,  sleep,  and
medication. Continuous waveforms may characterize the
magnitude,  rate,  and  duration  of  these  changes  and
reduce  missed  short-lived  events.  Outside  the  hospital,
this  could  be  useful  for  studying  nocturnal  variation,
morning  surges,  activity-related responses,  and   treat-
ment dynamics.

In  perioperative  and  critical-care  practice,  trend
information  and  mean  arterial  pressure  often  matter
more  than  isolated  values.  If  wearable  ultrasound  can
reliably  track  BP  without  arterial  cannulation,  it  may
provide  an  intermediate  monitoring  tier  for  patients  at
risk of  hemodynamic  deterioration  who  do  not   other-
wise require an arterial line, including selected postoper-
ative ward and emergency-observation patients.

These potential  uses  remain  largely  untested  in   out-
come studies. Existing work demonstrates measurement
accuracy and trend tracking but has not shown that con-
tinuous  ultrasound  BP  monitoring  reduces  hypotension
duration,  cardiovascular  events,  length  of  stay,  or
improves  antihypertensive  management  [29].  The  next
step is therefore to test clinical utility: whether the addi-
tional  temporal  information  changes  management  and
improves outcomes.

A  key  BP-specific  limitation  is  calibration  stability.
Most  current  methods  require  reference  BP  calibration,
while  changes  in  vascular  tone  or  arterial  stiffness  may
alter  the  relationship  between  vessel  dimensions  and
pressure. Validation should therefore establish how long
calibration  remains  reliable  and  when  recalibration  is
required  [30].  Representative  studies  of  continuous
ultrasound BP monitoring are summarized in table 2.

 Vascular Hemodynamics  and  Arterial  Stiff-
ness

Beyond BP, wearable ultrasound can measure blood-
flow  velocity,  vessel  dimensions,  and  vascular  wall
mechanics. Its main advantage is the conversion of con-
ventional  single-time-point  vascular  measurements  into
continuous physiological trajectories.

 Continuous blood-flow monitoring
Doppler  ultrasound  estimates  blood-flow  velocity

from frequency shifts produced by moving erythrocytes.
Conventional  vascular  Doppler  generally  requires  an
operator to hold and adjust the probe, whereas wearable
systems can maintain a transducer over the target vessel
and acquire Doppler spectra with limited intervention.

The carotid artery has been a major target because of
its  superficial  location,  relative  anatomic  stability,  and
relationship to the central circulation. Wireless wearable
systems can continuously acquire carotid Doppler spec-
tra  and  derive  indices  such  as  corrected  carotid  flow
time (ccFT).  Kenny et  al.  studied 19 healthy volunteers
undergoing passive leg raising (PLR), analyzing 36 PLR
maneuvers and 8,856 Doppler cardiac cycles [11]. ccFT
increased within 40-60 s after PLR and showed moder-
ate  ability  to  identify  increases  in  SV.  These  findings
support  ccFT  as  a  continuous  trend  marker  of  preload-
related  hemodynamic  change  rather  than  a  replacement
for standard CO monitoring.

Patient  studies  have  further  compared  wearable
carotid  Doppler  with  clinical  reference  methods.  In  a
proof-of-principle study  of  patients  undergoing   coro-
nary artery bypass grafting (CABG), Kenny et al. report-
ed  an  area  under  the  receiver  operating  characteristic
curve (AUROC) of 0.95 for 10-beat averaged corrected
carotid  velocity-time  integral  in  detecting  a  ≥  10%
change  in  stroke  volume  measured  by  transesophageal
echocardiography (TEE) [31]. A subsequent study eval-
uated corrected carotid flow time and found that ΔccFT
correlated with  ΔSV (r  =  0.70),  with  the  AUC  increas-
ing from 0.68 for a single beat to 0.87 after averaging 20
beats  [32]. Munding  et  al.  manipulated   cardiopul-
monary bypass (CPB) pump flow and found that a 10%
change  in  total  flow  corresponded  to  an  approximately
13.6% change  in  common  carotid  artery  velocity,   sup-
porting  the  physiological  link  between  carotid  Doppler
dynamics and systemic flow [33].

Research  has  subsequently  expanded  from  single
velocity measures toward functional hemodynamic phe-
notyping. Kenny proposed combining ccFT and left ven-
tricular  ejection  time  (LVET)  with  preload  challenges
for  bedside  assessment  of  fluid  responsiveness  [34].
Hofer  et  al.  analyzed  more  than  137,000  wearable
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Doppler cardiac cycles to define physiological ranges of
LVET across heart rates, age groups, and clinical states
[35].  Simultaneous  venous-arterial  Doppler  has  also
been  used  to  record  the  internal  jugular  vein  (IJV)  and
common  carotid  artery  during  PLR,  generating  a
'Doppler  Starling  curve'  that  visualizes  the  coupling
between venous return and arterial output [36].

More  recent  systems  combine  vessel  cross-sectional
area  with  Doppler  velocity  to  estimate  volumetric
carotid  flow.  A  T-shaped  wearable  patch  reported  in
2026  acquired  short-axis  area  and  long-axis  Doppler
information  within  the  same  cardiac  cycle  to  estimate
carotid flow volume [12]. This approach addresses a key
limitation of velocity-only measurements,  which can be
confounded  by  changes  in  vessel  caliber.  However,
these systems remain at the proof-of-concept and physi-
ological  validation  stages,  and  their  incremental  value
over conventional  Doppler  or  established  CO  monitor-
ing has not been shown in large patient cohorts.

Quantitative findings and evidence stages for  vascu-
lar  hemodynamic  studies  are  summarized  in  table  3.
Current evidence therefore supports the ability of wear-
able  ultrasound  to  acquire  continuous  vascular  velocity
and timing signals and to detect selected dynamic hemo-
dynamic changes. Importantly, indices such as ccFT and
carotid  VTI  should  be  interpreted  primarily  as  trend-
tracking biomarkers  rather  than as  absolute  quantitative
surrogates  for  cardiac  output  or  fluid  responsiveness  in
individual patient decision-making; many published pre-
dictive  models  lack  external  validation  in  independent
cohorts.  Its  accuracy  for  fluid-responsiveness  assess-
ment, CO estimation, or disease diagnosis remains insuf-
ficiently established.

 Wearable assessment of arterial stiffness
Arterial  stiffness  reflects  structural  and  functional

properties  of  the  vessel  wall  and  is  associated  with
aging,  hypertension,  and  atherosclerosis.  Pulse  wave
velocity  (PWV)  and  local  compliance  are  commonly
used  measures.  Wearable  ultrasound  can  continuously
track pulsatile diameter changes and combine them with
BP to estimate local arterial stiffness.

Yuan  et  al.  demonstrated  this  approach  using  a
SAFU  transducer  [28].  Continuous  arterial  diameter
tracking  was  combined  with  BP  to  calculate  the  beta
stiffness  index  and  local  PWV.  Hypertensive  and  older
participants  showed  higher  values  than  their  respective
controls, whereas athletes showed lower values, indicat-
ing sensitivity  to  differences in  local  vascular  mechani-
cal state.

Wearable PWV measurements showed broadly simi-
lar  between-subject  trends  to  a  clinical  arterial-stiffness
device, although relative error remained below approxi-

mately 25% [28]. Importantly, the methods do not mea-
sure  the  same  construct:  wearable  ultrasound  primarily
assessed local radial-artery mechanics, whereas conven-
tional  arterial-stiffness  assessment  often  uses  a  longer
path  such  as  carotid-femoral  PWV  (cfPWV).  Local
ultrasound-derived  PWV  and  cfPWV  therefore  cannot
currently be used interchangeably.

Rather than  replacing  established  stiffness  measure-
ments,  wearable  ultrasound  may  be  more  useful  for
tracking short-term local vascular dynamics during exer-
cise, pharmacological  intervention,  or  circadian   varia-
tion.  Prolonged  monitoring  could  reveal  individualized
temporal  patterns  that  are  inaccessible  to  isolated PWV
measurements.

Current  studies  support  detection  of  differences  in
local  arterial  mechanics,  but  do not  establish diagnostic
thresholds  for  atherosclerosis  or  cardiovascular  risk
stratification. The relationship between local ultrasound-
derived stiffness measures, standard cfPWV, and cardio-
vascular outcomes remains to be established.

Overall, wearable  vascular  ultrasound  has   pro-
gressed  from  velocity  monitoring  to  flow-time  indices,
estimated volumetric flow, and local arterial mechanics.
Compared with continuous BP monitoring, the evidence
remains concentrated at the physiological validation and
early  clinical  feasibility  stages.  Representative  studies
are summarized in table 3.

 Emerging  Cardiovascular  and  Hemodynamic
Applications

Wearable ultrasound is also being explored for cere-
bral blood flow, venous hemodynamics, acute and criti-
cal  care,  therapeutic  stimulation,  and  fetal  monitoring.
These applications are generally less mature than contin-
uous BP monitoring and should currently be interpreted
primarily in terms of feasibility and level of validation.

 Continuous  transcranial  cerebral  blood-flow moni-
toring

Cerebral hemodynamic monitoring is relevant to neu-
rocritical  care,  stroke,  subarachnoid  hemorrhage,  and
perioperative management. Transcranial Doppler (TCD)
can measure intracranial arterial flow velocity non-inva-
sively,  but  conventional  examinations  depend  on  an
operator  to  locate  and  maintain  an  adequate  acoustic
window.

Zhou et al. developed a conformal transcranial ultra-
sound  patch  capable  of  continuous  monitoring  through
the  temporal  window  and  three-dimensional  Doppler
reconstruction  of  major  intracranial  vessels  [13].  In  36
healthy  volunteers,  peak  systolic,  mean,  and  end-dias-
tolic velocities  showed  good  agreement  with   conven-
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tional TCD, and monitoring was sustained for up to 4 h.
The overall measurement success rate was 70.6%, simi-
lar to 75.3% for conventional TCD, indicating that wear-
able implementation  does  not  eliminate  skull   attenua-
tion or interindividual limitations of the temporal acous-
tic window.

Evidence remains dominated by healthy participants,
with  little  systematic  validation  in  stroke,  subarachnoid
hemorrhage, or  vasospasm. Wearable transcranial  ultra-
sound  has  therefore  established  proof-of-concept  and
physiological validation but has not reached early clini-
cal feasibility in patient populations.

 Venous  congestion  and  non-invasive  assessment  of
central venous pressure

Central  venous  pressure  (CVP)  reflects  right  atrial
pressure and systemic venous filling. Standard measure-
ment requires central venous catheterization, motivating
non-invasive approaches  based  on  ultrasound   assess-
ment of superficial central veins [38].

The IJV changes with right atrial pressure and can be
assessed by ultrasound through cross-sectional area and
respiratory  variation.  In  2026,  Dong  et  al.  reported  a
prospective multicenter study of 349 ICU patients using
AI-assisted  wearable  ultrasound  to  image  the  IJV  and
common carotid artery,  with catheter-measured CVP as
the  reference  [14].  Automated  vessel  segmentation  and
cross-sectional-area features, combined with basic clini-
cal  variables,  were  used  to  identify  elevated  CVP  (≥  8
mmHg). The study demonstrated clinically relevant dis-
crimination of elevated CVP in real ICU populations.

Continuous imaging may eventually support longitu-
dinal assessment of venous filling, but current evidence
validates classification of elevated CVP rather than con-
tinuous, precise  replacement  of  invasive  CVP  monitor-
ing.  A  more  realistic  near-term  role  is  adjunctive  trend
assessment  or  early  warning  in  lower-acuity  settings,
while invasive monitoring remains necessary when high-
fidelity pressure measurement is required, such as select-
ed  cardiac-surgical or  extracorporeal  membrane   oxy-
genation (ECMO) settings.

 Continuous  hemodynamic  monitoring  in  acute  and
critical care

Hemodynamics  can  change  rapidly  in  emergency,
perioperative,  and  critical-care settings.  Bedside   ultra-
sound provides valuable structural  and functional  infor-
mation  but  is  intermittent  and  operator  dependent,
whereas invasive monitors are not appropriate for every
patient. Wearable ultrasound could occupy an intermedi-
ate  role  by  continuously  tracking  BP,  CO-related  sig-
nals, and cardiac mechanics with limited operator input.

Building  on  autonomous  cardiovascular  monitoring

during  movement  [5],  clinical  studies  have  extended
wearable  ultrasound  BP  monitoring  to  catheterization-
laboratory and ICU patients, including 10-12 h compar-
isons with invasive arterial pressure in a small postoper-
ative ICU cohort [10]. Evidence in complex critically ill
populations remains limited.

Wearable  carotid  Doppler  has  also  been  evaluated
during  fluid  administration.  Kenny  et  al.  analyzed  86
fluid  challenges  in  51  emergency-department  patients
and  found  that  some  infusions  produced  no  expected
carotid  hemodynamic  response,  suggesting  a  potential
role  for  identifying  physiologically  ineffective  fluid
loading  [39].  The  observational  design,  however,  does
not establish  reduced  fluid  exposure  or  improved   out-
comes. In  trauma  resuscitation,  Da  Luz  et  al.   prospec-
tively  studied  33  severely  injured  patients;  successful
placement  and  analyzable  data  were  obtained  in  31.
Transfused patients showed lower ccFT and spent longer
periods  at  low  ccFT  values,  but  the  study  was  not
designed to establish ccFT as a predictor of major hem-
orrhage or a transfusion-guidance tool [40].

Hands-free carotid Doppler has also been investigat-
ed  during  cardiopulmonary  resuscitation.  In  a  two-cen-
tre  pilot  study  involving  62  cardiac-arrest  patients,
Doppler  recordings  were  analyzed  in  36  patients  and
demonstrated detection of  compression-generated blood
flow  and  spontaneous  circulation,  including  return  of
spontaneous  circulation  (ROSC).  Patch  fixation  and
cable-related device deficiencies remained practical lim-
itations [41].

Continuous cardiac imaging has also entered periop-
erative  case-based  practice.  A  2025  report  described
wearable ultrasound during patent foramen ovale (PFO)
closure,  providing  continuous  visualization  of  right-
heart structures and procedural changes as an adjunct to
intermittent  transthoracic  imaging  [22].  Another  case
report used wearable ultrasound during general anesthe-
sia  and  postoperative  neonatal  intensive  care  unit
(NICU) monitoring to follow ventricular filling and con-
traction [23]. These reports demonstrate clinical feasibil-
ity in settings where repeated handheld examinations are
difficult, but they do not establish comparative efficacy.

The more important opportunity in acute care may be
integration  rather  than  accumulation  of  individual
parameters.  Arterial  pressure,  cardiac  pump  function,
arterial flow,  and  venous  congestion  describe   comple-
mentary aspects  of  circulation.  A  future  wearable   plat-
form capable of aligning these signals on the same time
axis  could  provide  a  more  informative  hemodynamic
phenotype  than  any  single  measure.  The  proposed  Safe
and  Fluid  Effective  Resuscitation  (SaFER)  framework
similarly combines venous excess  ultrasound (VExUS),
velocity-time  integral  (VTI),  and  venous/arterial
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Doppler  information  to  assess  preload  response  and
venous congestion, although it remains a conceptual and
protocol-based framework without randomized-trial val-
idation [42].

 Wearable ultrasound pacing
Wearable ultrasound is also being explored as a ther-

apeutic  modality.  In  2026,  Gong  et  al.  reported  a  non-
invasive sonogenetic pacing system [43]. Adeno-associ-
ated viral delivery was used to express the mechanosen-
sitive  ion  channel  MscL-G22S  in  cardiomyocytes,
increasing  their  sensitivity  to  focused  ultrasound pulses
delivered  from  a  chest-mounted  wearable  array  and
enabling controlled myocardial depolarization.

In animal models, the system enabled targeted stimu-
lation of different cardiac regions and effective pacing in
bradycardia,  conduction-block,  and  arrhythmia  models.
Long-term follow-up did not  identify  major  myocardial
injury or  inflammatory  abnormalities,  supporting   pre-
clinical feasibility.

Sonogenetic  pacing  remains  purely  preclinical,  with
the available evidence limited to animal models. It relies
on adeno-associated viral gene delivery to express ultra-
sound-responsive  ion  channels  in  cardiomyocytes.
Major  hurdles  before  human  therapeutic  use  include
uncertain  efficiency  and  specificity  of  gene  delivery  to
human  cardiomyocytes,  immune  risks,  and  unknown
long-term  safety  of  channel  expression  and  repeated
ultrasound stimulation. Integration of sensing and thera-
py  within  a  wearable  platform  remains  a  long-term
research  prospect.  Sonogenetic  pacing  should  therefore
be viewed as a preclinical proof-of-concept rather than a
near-term clinical alternative to established pacing.

 Fetal cardiovascular monitoring
Fetal  cardiovascular  physiology  is  highly  dynamic.

Conventional  fetal  monitoring  primarily  records  heart
rate,  whereas  diagnostic  ultrasound  is  intermittent  and
operator  dependent.  Wearable  ultrasound  is  therefore
being explored for continuous assessment of fetal hemo-
dynamics.

In  2026,  Park  et  al.  reported  UPatch,  a  wearable
ultrasound platform for autonomous monitoring in high-
risk  pregnancy [44].  The abdominal  patch  continuously
acquired fetal anatomy and flow signals, while real-time
segmentation  tracked  fetal  and  umbilical  structures  and
derived umbilical-artery flow indices and fetal heart rate.
In prospective  testing,  the  systolic/diastolic  ratio,   pul-
satility  index,  resistance  index,  and  fetal  heart  rate
showed good  agreement  with  handheld  clinical   ultra-
sound.  In  one  preeclampsia  case,  abnormal  umbilical-
flow  fluctuations  were  detected  while  fetal  heart  rate
remained within  the  normal  range,  suggesting that  con-

tinuous flow monitoring may reveal placental-circulato-
ry abnormalities not captured by heart rate alone.

Fetal  wearable  ultrasound  remains  at  a  very  early
clinical-validation  stage.  Key  technical  bottlenecks
include the lack of fully wireless platforms, signal insta-
bility  caused  by  fetal  movement  and  variable  maternal
acoustic  windows,  and  the  absence  of  robust  external
validation  for  automated  hemodynamic  interpretation—
where false  alerts  could  carry  serious  clinical   conse-
quences.  Ethically  and  regulatorily,  fetal  monitoring
must  meet  an  especially  high  safety  bar  for  repeated
acoustic  exposure,  and  AI-based interpretation   intro-
duces  unresolved  clinical-liability questions.  No   evi-
dence  to  date  shows  improved  pregnancy  outcomes  or
replacement  of  conventional  obstetric  ultrasound.  Its
present  value  lies  primarily  in  demonstrating  feasibility
and  the  potential  to  capture  transient  abnormalities
between scheduled examinations.

 Clinical Challenges to Translation
Progress  in  cardiac  function,  BP,  and  hemodynamic

monitoring does not by itself establish readiness for rou-
tine  care.  Clinical  translation  requires  stable  long-term
operation,  reliable  measurements  across  heterogeneous
patients,  and  evidence  that  the  resulting  information
adds  value  to  decision-making.  The  central  question  is
therefore shifting from whether wearable ultrasound can
measure  continuously  to  whether  those  measurements
are trustworthy, interpretable, and clinically actionable.

 Signal stability and reproducibility
Continuous monitoring  requires  stable  and   repro-

ducible  signal  acquisition  without  constant  manual
probe adjustment.  Acoustic  coupling,  mechanical   fixa-
tion, and positional  stability  relative  to  the  target   there-
fore directly determine data quality.

Bioadhesive hydrogel interfaces have supported con-
tinuous  human  attachment  and  imaging  for  up  to  48  h
[18],  but  dehydration,  perspiration,  friction,  and  skin
deformation  can  still  degrade  the  interface.  Evaluation
should  therefore  extend  beyond  wear  time  to  include
analyzable-signal  yield,  recovery  after  signal  loss,
between-day  reproducibility,  and  reproducibility  after
patient  self-reapplication.  Analyzable-signal  yield  is
inconsistently  reported  across  studies.  In  the  secondary
analysis  by  Hofer  et  al.,  136,339  of  137,521  recorded
cardiac cycles (99.14%) met the analysis criteria of heart
rate  ≤  250  beats/min  and  valid  ccFT;  this  proportion
does not establish analyzable-signal availability over the
total  monitoring duration [35]. Without  adequate repro-
ducibility,  changes  in  PWV,  flow  velocity,  or  BP  may
reflect probe position rather than physiology.
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Practical  usability  also  requires  evaluation  of  who
can  reliably  apply  the  device.  Hands-free  monitoring
after successful placement does not establish that hospi-
tal  staff  without  specialized  ultrasound  training  or
patients  themselves  can  independently  identify  the
acoustic  window  and  attach  the  patch  correctly.  In  the
trauma feasibility study by Da Luz et al., the device was
placed by trained research personnel rather than the pri-
mary clinical team [40]. Future studies should therefore
evaluate  initial  placement  and  reapplication  by  the
intended users,  reporting  training  requirements,   place-
ment  time,  successful  acquisition  of  analyzable  signals,
and the need for expert assistance. For home monitoring,
clear  placement  instructions  and  real-time  feedback  on
acoustic contact and target acquisition may support self-
application,  but  their  effectiveness  requires  prospective
usability validation.

 Validation against clinical reference standards
Reference methods  vary  substantially  across   wear-

able-ultrasound studies. Some studies assess image qual-
ity or correlation, others compare with cuff BP, conven-
tional  TCD,  or  commercial  ultrasound,  and  a  smaller
number  use  invasive  arterial  pressure  or  central  venous
catheter  measurements.  This  heterogeneity  limits  cross-
study comparison.

For quantitative  measures,  correlation  is  not  equiva-
lent  to  agreement.  Validation  of  continuous  BP,  CO,
flow  velocity,  or  CVP  should  emphasize  bias,  Bland-
Altman agreement, repeatability, and trend concordance
rather  than  correlation  coefficients  or  AUROC  alone.
The fetal study by Park et al., for example, used Bland-
Altman analysis to compare wearable and clinical ultra-
sound measurements [44].

Beyond agreement with the reference method, valida-
tion of continuous monitoring should assess trend accu-
racy, response time, long-term drift, and event-detection
performance[30]. An important limitation of the current
evidence  base  is  that  nearly  all  validation  studies  have
been  conducted  by  the  device-developing teams   them-
selves.  This  introduces  a  risk  of  developer-originated
bias, as investigators who design and build a device may
have implicit incentives to demonstrate favorable perfor-
mance. Few  studies  have  been  replicated  by   indepen-
dent clinical groups using external cohorts, and no large-
scale,  independently  conducted  multicenter  validation
has been  established  for  any  wearable  ultrasound   plat-
form. Such  independent  replication  is  essential  to   con-
firm  that  reported  performance  generalizes  beyond  the
settings, operators, and patient populations in which the
device was originally developed. Future research should
prioritize prospective, independently led validation stud-
ies  with  prespecified  protocols  and  blinded  outcome

assessment to reduce this bias.

 Generalizability across patient populations
Many representative  studies  have  been conducted  in

young, healthy participants with favorable acoustic win-
dows.  Real-world  patients  show  substantially  greater
variation in  body  mass  index  (BMI),  subcutaneous   tis-
sue thickness, vessel depth, vascular calcification, chest-
wall  anatomy,  emphysema,  cardiac  enlargement,  and
temporal-bone thickness.

These factors  affect  applications differently.  Obesity
may reduce signal-to-noise ratio for deep cardiac or vas-
cular  imaging;  arterial  stiffening  or  calcification  may
alter pressure-diameter relationships used for BP estima-
tion;  arrhythmias  may  disrupt  algorithms  that  assume
regular  cardiac  cycles;  and  transcranial  monitoring
remains constrained by temporal-window quality.

Algorithmic  generalizability  is  equally  important,
and current claims regarding AI-assisted wearable ultra-
sound  should  be  interpreted  with  caution.  Automated
segmentation,  target  tracking,  and  parameter  estimation
depend heavily on the populations, anatomical variabili-
ty, and devices represented in training data. While pub-
lished  AI  models  often  report  high  accuracy  on  their
own test sets, these results may not translate to clinical-
ly unselected populations, unusual anatomy, or subopti-
mal  signal  quality.  Many  studies  also  lack  prospective,
blinded  evaluation  against  clinical  reference  standards,
and  head-to-head comparisons  with  human  expert   per-
formance remain scarce. Future validation should there-
fore include  clinically  heterogeneous  cohorts,   indepen-
dent external  testing,  and  prespecified  subgroup   analy-
ses  in  older  adults,  patients  with  obesity,  hypertension,
heart failure,  atrial  fibrillation,  and hemodynamic insta-
bility. Broad adoption will require robust performance in
these more difficult populations.

 Clinical actionability of continuous data
Continuous  monitoring  produces  large  volumes  of

images,  waveforms,  and  quantitative  parameters,  but
more data do not necessarily translate into greater clini-
cal  value  [29].  The  key  questions  are  which  variables
warrant continuous  monitoring,  what  magnitude  or  pat-
tern  of  change  is  clinically  meaningful,  and  when  an
intervention should be triggered.

Normal  ranges  and  actionable  thresholds  remain
undefined  for  many  wearable-ultrasound metrics.  Tran-
sient  changes  in  LVEF,  local  PWV,  or  CVP-related
indices  may  reflect  physiology,  artifact,  or  disease.
Wearable systems therefore need to  progress  from con-
tinuous  measurement  toward  validated  event  detection
that  distinguishes  physiological  variability  and  motion
artifact from clinically important change.
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Low-specificity  alerts  may  also  cause  alarm  fatigue
and increase clinical  workload. Scholte et  al.  noted that
many  wearable-monitoring  technologies  lack  validated
decision thresholds [24], while remote-monitoring litera-
ture  similarly  emphasizes  that  data  acquisition is  useful
only when  abnormality  thresholds  and  response   path-
ways are clearly defined [45]. To limit this burden, mon-
itoring systems should filter artifacts and flag unreliable
measurements before generating alerts. Adaptive thresh-
olds that account for the patient's baseline and the persis-
tence  of  abnormal  changes  require  clinical  validation.
Electronic health-record integration should present clini-
cally  relevant  trends  and  events  with  signal-quality
information, rather than require routine review of all raw
recordings.  Clear  responsibilities  for  reviewing  alerts
and initiating a response are also essential.

Future studies  should  therefore  move  beyond   mea-
surement  accuracy  toward  management  and  outcome
endpoints. Relevant  questions  include  whether   continu-
ous  BP  monitoring  reduces  unrecognized  hypotension,
whether continuous  cardiac  assessment  detects   deterio-
ration  earlier,  and  whether  wearable  Doppler  improves
fluid  management.  These  questions  require  prospective
management studies and, ultimately, randomized trials.

 Safety, standardization,  and  regulatory   considera-
tions

Prolonged  acoustic  exposure  is  a  distinctive  safety
issue  for  wearable  ultrasound.  Conventional  diagnostic
ultrasound is generally used for minutes, whereas wear-
able devices may operate continuously or repeatedly for
hours or longer.

Safety  evaluation  should  therefore  report  not  only
instantaneous mechanical index (MI) and thermal index
(TI),  but  also  duty  cycle,  cumulative  exposure,  local
temperature  rise,  and  long-term  skin  reactions.  Short-
term human studies have not identified major safety sig-
nals: Yuan et al. reported skin-surface temperature varia-
tion within 1.5°C during 24 h testing [28], and Wang et
al. reported temperature increases within the tested safe-
ty  range  during  48  h  imaging  [18].  However,  available
human  safety  data  remain  limited  to  wear  periods  of
hours to a few days, and evidence establishing the safe-
ty  of  continuous  application  over  weeks  is  lacking.
These  short-term  findings  should  therefore  not  be
extrapolated  to  prolonged  use.  Several  populations  also
warrant  specific  attention.  Fetal  exposure  raises  unique
safety concerns: the developing fetus is considered more
sensitive to  thermal  and  mechanical  effects  of   ultra-
sound,  and  continuous  or  repeated  exposure  over
hours—far exceeding  the  duration  of  standard  diagnos-
tic scans—has not been adequately studied for potential

effects on fetal growth, tissue development, or long-term
outcomes. The  ALARA  (as  low  as  reasonably   achiev-
able)  principle  and  thermal  index  monitoring  remain
essential, but safety experience from conventional inter-
mittent  obstetric  examinations  does  not  establish  the
safety  of  prolonged  wearable  exposure  [46].  Pediatric
and  neonatal  applications  similarly  require  heightened
caution: thinner skin and smaller body dimensions alter
acoustic  propagation  and  temperature  distribution,  and
immature  tissue  may  be  more  vulnerable  to  prolonged
acoustic  exposure.  Until  dedicated  safety  data  exist,
wearable  ultrasound  in  fetal  and  pediatric  populations
should be applied under conservative output settings and
with  explicit  risk-benefit  justification.  Repeated  long-
term exposure  across  all  populations  requires   prospec-
tive  evaluation.  Song  et  al.  have  called  for  wearable-
ultrasound-specific safety frameworks addressing acous-
tic  output,  cumulative  thermal  dose,  and  chronic  skin-
contact biocompatibility [6].

Standardization  is  equally  important.  Minimum
reporting standards should include proportion of analyz-
able signal/valid data, probe position, operating frequen-
cy, monitoring duration, reference method, signal-quali-
ty criteria, and failure modes. Without consistent report-
ing, cross-study comparison, meta-analysis, and eventu-
al guideline development will remain difficult [47]. Ana-
lyzable-signal  yield  is  particularly  critical  for  wearable
devices,  as  it  directly  reflects  real-world  usability  and
distinguishes devices  that  function  reliably  under   clini-
cal  conditions  from those  that  perform well  only  under
idealized settings.

Real-world implementation also depends on econom-
ic and practical factors rarely discussed in the current lit-
erature.  Consumable  costs—including adhesive   hydro-
gel coupling layers, disposable transducer interfaces, and
single-patient-use  patches—remain  unclear  for  most
wearable ultrasound  platforms,  and  repeated   replace-
ment could substantially accumulate expenses over pro-
longed monitoring. Beyond thermal risk, prolonged skin
contact  with  hydrogel–elastomer  coupling  layers  and
adhesive interfaces  may  cause  irritation  or  contact   der-
matitis, potentially limiting comfort and adherence. Evi-
dence for long-term skin compatibility of wearable ultra-
sound remains limited to short-duration studies [18], and
systematic  evaluation  of  comfort,  wearability,  and  skin
reactions  across  diverse  age  groups  and  skin  types  is
lacking.

 Conclusion
Wearable  ultrasound  is  emerging  as  a  platform  for

continuous,  hands-free  cardiovascular  monitoring  by
providing information  that  conventional  wearables   can-
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not directly capture, including cardiac mechanics, arteri-
al  pressure,  blood-flow  dynamics,  and  local  vascular
properties.  Continuous  cuffless  BP  monitoring  has  the
most  mature  clinical  validation  overall.  Most  other
applications  remain  at  the  physiological  validation  or
early clinical  feasibility  stage,  although  selected   mea-
sures, including the identification of elevated CVP, have
undergone clinical reference-standard validation.

The  key  translational  challenge  is  no  longer  simply
whether continuous signals can be acquired, but whether
they  remain  reliable  across  time  and  patients  and
whether they improve clinical decisions. There is still  a
lack  of  clinical-outcome-oriented  evidence,  and  it  has
not  yet  been  proven  that  measurements  derived  from
wearable  ultrasound  can  improve  patient-relevant  clini-
cal endpoints. By organizing current evidence according
to  validation  maturity  and  clinical  reference  standards,
this review  highlights  the  shift  required  from engineer-
ing feasibility toward reproducible, actionable, outcome-
relevant monitoring.
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