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The Alio SmartPatch™:
Optimising dialysis patient
monitoring with a wearable,
non-invasive device

Owing to the various risk factors and potential complications faced by kidney disease patients
undergoing dialysis treatment, new technologies that enable these patients to be monitored remotely
and continuously—and ultimately managed more effectively—are a critical necessity. David Whittaker
(Suburban Hospital, Bethesda, USA), Qasim Butt (Metropolitan Methodist Hospital, San Antonio, USA),
Anand Patel (Providence Little Company of Mary Medical Centers, Torrance, USA) and Carole Sykes
(Clinical Strategy Group, San Francisco Bay Area, USA) highlight one such innovation, the SmartPatch
device, and the broad array of problems it is seeking to tackle.
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and worsening heart fail-

ure—many of which could potentially be preventable
with improved disease monitoring. In 2017, there were
almost 800 million people suffering from CKD world-
wide, including 39 million in the USA alone. As per a
recent systematic review published in The Lancet, it is
estimated to become the fifth leading cause of death glob-
ally by 2040. The natural progression of CKD is complex
and involves multiple organ systems. As a result, these
patients commonly present to emergency rooms (ER) 8.5
times more frequently than the general population and
the prevalence of these ER visits is highest in the seven
days prior to beginning dialysis.

Of all the end-stage kidney disease (ESKD) patients
seen in the ER, the mean number of visits per patient
year in the first, second and third years of their disease
was 2.89, 2.48, and 2.54 per year, respectively, according
to a population-based study. And, in another study using
Medicare data, more than 131,000 of at least 11 million
total ER visits were for hyperkalaemia and fluid overload
in the ESKD population.

ER visits for hyperkal-
aemia were common in a
separate population-based
analysis— particularly
among patients on dialy-
sis, where the condition
accounted for almost one
half (48.8%) of all potentially preventable visits. The anal-
ysis’ researchers showed a linear trend toward develop-
ing hyperkalaemia, with the highest rates among patients
with non-dialysis-dependent Stage 5 CKD (22.9; 95%
confidence interval [CI], 16.7 to 29.1 ER visits per 1,000
person years) and dialysis-dependent patients (22.4; 95%
CI, 17.2 to 27.5 ER visits per 1,000 person years).

Several other groups have reported that early referral
to nephrology results in better control of clinical param-
eters, for example blood pressure and serum levels of
albumin, bicarbonate, calcium, cholesterol, haemo-
globin, potassium, and phosphate. This suggests that
making it easier to manage a patient’s health status could
reduce the likelihood of emergent complications. In a
more recent study, researchers showed that patients with
early referrals and frequent physician visits were less
likely to be hospitalised within one year of initiating dial-
ysis, despite these patients being older and having higher
Charlson comorbidity index scores.

The primary goals for nephrologists managing patients
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with ESKD are to lower mortality, extend renal function,
and improve quality of life. In dialysed patients, pres-
ervation of residual renal function is associated with
improved survival, lower morbidity and better quality
of life.

A wearable, patient-centred management solution
In order to improve the nephrologist’s ability to optimise
the overall outcomes of their ESKD population, Alio is in
the process of developing an innovative device, called
SmartPatch, to provide a continuous and comprehensive
clinical management solution for both the nephrology
team and the ESKD patient.

The Alio SmartPatch is a continuous, non-invasive,
remote monitoring device that automatically sends clin-
ically actionable data to a hub. It is worn directly over a
patient’s arteriovenous fistula (AVF) or upper-extremity
artery, and safely relays raw data via the hub to a cloud-
based server where it is processed and analysed utilising
proprietary algorithms. The server encrypts and stores
the data without it being associated with a subject’s
personal health information. This data collection process
is invisible to the patient, who wears the SmartPatch and
simply plugs the hub into a standard wall outlet in their
home. There is no complex setup or configuration for the
patient—the patch is worn while showering and sleeping,
and typically changed at seven-day intervals.

The data collected are always accessible to the clinical
team via a Health Insurance Portability and Account-
ability Act (HIPAA)-compliant, web-based portal and
notifications can be automatically sent to a designated
provider if a clinically relevant abnormality is detected.
And, in addition to recently receiving its first US Food and
Drug Administration (FDA) 510(k) clearance for commer-
cial use, Alio is undergoing multiple clinical evaluations.
The parameters being evaluated for remote monitor-
ing in these evaluations include haemoglobin, haemat-
ocrit, potassium, oxygenation saturation, heart rate, and
10-15 seconds of audio auscultation data from flow in the
underlying AVF or arteriovenous graft (AVG).

The data monitored by the SmartPatch are designed
to enable improved management of the complex clinical
aspects facing patients with CKD in an outpatient setting.
This improvement in monitoring and outpatient manage-
ment has the goal of also boosting patient outcomes,
reducing adverse events, and reducing the burdens
currently faced by emergency healthcare services.

Continuous remote monitoring also provides a new
level of comfort for a patient who will, for the first time,
know that their critical data can be quickly, safely and
remotely accessed by their healthcare team. The advan-
tage of this degree of close monitoring is that it provides
the healthcare team with the management tools it needs
to proactively intervene to optimise patient outcomes.

Hyperkalaemia and hypokalaemia

The kidneys play a crucial role in the regulation of potas-
sium. Patients with CKD and ESKD are at risk of hyper/
hypokalaemia (high/low potassium levels). Hypokalae-
mia is typically a consequence of diuretics, while hyper-
kalaemia is the most common imbalance due to loss of
renal function—which becomes more prevalent as the
disease progresses. Hyperkalaemia has been classified
somewhat arbitrarily into mild (5.1-<6mmol/l), moderate
(6-<7mmol/]) and severe (z7mmol/l). Potassium levels
>7mmol/1 are of critical importance as the clinical symp-
toms can vary widely from nonspecific muscle weak-
ness to paraesthesias and paralysis. These high levels
may also be associated with cardiac arrhythmias and
sudden cardiac death. Even though electrocardiogram
(ECG) changes related to hyperkalaemia are diagnosti-
cally useful, they are notoriously poor at correlating with
serum potassium levels; with studies indicating accuracy
in only 40-50% of chronic hyperkalaemia patients.

A further complexity in the treatment of CKD is the
recommended use of renin-angiotensin-aldosterone
(RAAS) inhibitors to reduce disease progression and
increase survival in patients with advanced CKD (Stage
>3), diabetes, or chronic heart failure. These recommen-
dations are supported by several professional societies,
including the European Society of Cardiology, American
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College of Cardiology Foundation, American Heart Asso-
ciation and Heart Failure Society of America, as well asin
the Kidney Disease Outcomes Quality Initiative (KDOQI)
guidelines. The sparing of residual renal function in these
patients afforded by RAAS blockade is well-accepted, but
RAAS blockade is also a known risk factor for hyperkal-
aemia in the CKD population. Continuous, non-invasive
means of remotely monitoring potassium levels in the
CKD population provide the data to alter current treat-
ment paradigms.

The management of chronic hyperkalaemia is particu-
larly challenging. The main objective of the emergency
treatment of this indication is to prevent fatal arrhyth-
mias—which is accomplished by facilitating the move-
ment of extracellular potassium into the cell, stabilising
myocardial cell membrane potentials pharmacologically,
and quickly increasing potassium elimination from the
body. This is typically accomplished using insulin to drive
potassium into the cell, which serves as a temporary stop-
gap solution, while simultaneously increasing its elimi-
nation with diuretics. However, patients with moderate/
severe renal dysfunction may need emergent haemo-
dialysis. A subset of these patients will have chronic
hyperkalaemia as a baseline that can be worsened with
RAAS inhibitor administration. The objective of endur-
ing treatment for chronic hyperkalaemia is to maintain
stable serum potassium levels in the long term. If the
baseline hyperkalaemia is too severe, and refractory to
conservative measures (dietary modifications, diuretics,
or oral potassium-binding agents), RAAS blockade may
need to be stopped or reduced. Unfortunately, this leads
to a loss or reduction of the benefits provided by these
pharmaceuticals.

The rate of RAAS discontinuation in CKD patients
is substantial. Conservative measures frequently fail
because of patient intolerance to oral potassium-bind-
ing agents (resins). In one large study published by Olry
de Labry Lima et al in 2021, ion-exchange resins were
prescribed to 637 out of 1,499 patients receiving RAAS.
Adherence to resin treatment was poor—36.8% in the
first year and 17.5% by year three—and potassium levels
remained elevated in most patients with severe hyper-
kalaemia. Two-year results from this study can be seen
below.

Hyperkalaemia

Mild Moderate Severe

AS discontinuation

39.8% 49.8¢% 51.8%

) resin treatment at two years

15.9%

29.7%

43.6%

In ESKD patients, the potential for hyperkalaemia
increases as the time between dialysis sessions increases
beyond 48 hours, which suggests that interventions to
prevent hyperkalaemia may be more necessary when
time between dialysis sessions is greater than 48 hours.
This risk occurs every week, typically over weekends,
when patients are unmonitored. The rates for emer-
gent/emergency haemodialysis have been shown to be
as high as 17.6% for hyperkalaemia in a cohort of ESKD
patients followed for two years. It has also been shown
that the rate of emergent, first-time dialysis in worsening
CKD patients can be as high as 18-19%. Unplanned dial-
ysis sessions are associated with increased morbidity
and mortality, which makes preemptive detection for
unplanned dialysis important too.

The problem of anaemia

Anaemia is also a very frequent complication of CKD,
affecting the majority of patients with Stage 5 failure.
The anaemia creates a deficit in the delivery of oxygen
to all parts of the body. Initially, the body compensates
for the reduced oxygen supply by increasing the heart
rate but, over time, this can lead to cardiac hypertrophy.
Deterioration of cardiac function in turn results in renal
hypoperfusion that activates the sympathetic nervous
system, as well as the renin angiotensin and aldoster-
one systems. Together, these further impair renal func-
tion. This becomes a vicious cycle known as cardiorenal
anaemia syndrome (CRAS, Type IV). The syndrome can
be initiated either from primary heart failure (Types I and
II), primary renal failure (Types III and IV), or a combi-
nation of both (Type V). In the case of renal initiation by
CKD, the predominant cause is erythropoietin deficiency,
where the production of erythropoietin from the intersti-
tial fibroblasts within the kidneys is not sufficient to meet
the demand for new haemoglobin. The severity of anae-
mia is directly related to the degree of kidney dysfunc-
tion—the kidneys manufacture 90% of the erythropoietin
produced by the body.

The most recent Kidney Disease: Improving Global
Outcomes (KDIGO) guideline recommends regular assess-
ment of haemoglobin levels in CKD patients, with increas-
ing frequency as kidney function declines. The guidelines
also recommend beginning a trial of iron therapy initially.
The target range here is 10-12g/dlin CKD patients. And,
as a general recommendation, the KDIGO guidelines
support the starting of erythropoiesis-stimulating agent
(ESA) therapy with haemoglobin concentrations <10g/
dl (<100g/]) after assessment of all the risks associated
with the therapy.

Anaemia in the CKD setting significantly increases the
risk of morbidity and mortality in these patients. For
coronary artery disease-related events, the ARIC study
showed an increase in hazard ratio from 1.7 to 3.5 in the
absence, versus the presence, of anaemia. The control of
anaemia is clinically important and, if iron supplemen-
tation is not successful, then ESA therapy is warranted.
However, the dosage range and high cost of ESA drugs
must be optimised based on an accurate picture of
haemoglobin levels, and the target level. Unnecessarily
low or high ESA dosing levels are associated with poor
outcomes—as shown in the CHOIR trial. The composite
primary outcome (death, congestive heart failure, stroke
and myocardial infarction) was significantly higher in
patients assigned to the higher haemoglobin target value
of 13.5g/dl vs 11.3g/d1.32 in this study. Establishing the
correct baseline haemoglobin measurement in patients
is complicated by cyclic variability, which can be affected
by volume status, and the ability to remotely monitor
haemoglobin levels in CKD patients would allow opti-
misation of the ESA therapy and may lead to improved
patient outcomes.

Oxygen saturation, heart rate and auscultation
The kidney is particularly vulnerable to hypoxic events.
Adequate oxygenation in patients with CKD may be
impaired by a number of factors, including low haemo-
globin and heart failure. Obstructive sleep apnoea (OSA)
is also commonly found in patients with CKD (up to 80%)
and there are currently hypotheses that the two are
related. In a 2016 paper, Fahad Aziz and Kunal Chaud-
hary point out that OSA, CKD and hypertension are seen
together as a common triad of pathologies. Therefore,
OSA impacts the progression of CKD by inducing multi-
organ system pathologies, such as:
@ Cardiovascular disease effects—hypertension, arterial
wall stiffness and endothelial dysfunction
® Respiratory effects—direct hypoxia, which creates
oxidative stress and inflammation
@ Central nervous system effects—sympathetic dysregu-
lation and renin-angiotensin system (RAS) activation
Not surprisingly, cardiac arrhythmias are not uncom-
mon during hypoxic episodes. These arrhythmias may
range from benign bradycardias to atrial fibrillation,
and fatal ventricular tachycardias. Gami et al report in
the Journal of the American College of Cardiology that
the magnitude of nocturnal hypoxaemia was an inde-
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pendent predictor of the onset of atrial fibrillation. The
new onset of nocturnal desaturations or severe desat-
urations should prompt treatment to limit the adverse
consequences in a CKD patient and, as such, the ability
to remotely, non-invasively monitor these parameters is
critical in this patient population.

Finally, haemodialysis is dependent on reliable access
to the central circulation for repetitive dialysis sessions.
A mature AVF offers the best opportunity for a durable
and lasting solution. However, it is still susceptible to a
number of potential complications that include stenosis,
thrombosis, aneurysms, limb ischaemia, and infection.

Primary patency refers to the time until the first
procedure or the occurrence of occlusion—whichever
occurs first. Assisted primary patency refers to a vascu-
lar access that has been intervened upon prior to failing.
Unfortunately, the literature indicates that up to 50% of
AVFs never mature to the extent that they can support
haemodialysis, although the ability to intervene early
in vascular access dysfunction prior to its failure signif-
icantly increases the likelihood of long-term success.
Secondary patency refers to the salvage of a thrombosed
arteriovenous access. However, AVFs that have throm-
bosed have a tendency for early re-thrombosis and, of
the usable AVFs, 25% will fail after two years. In general,
patency of fistulas and grafts is similar, but grafts tend
to require more interventions to maintain adequacy for
haemodialysis.

The KDOQI guidelines recommend frequent assess-
ment and monitoring of these access sites every month
for signs of malfunction. A well-accepted aspect of the
physical examination—as described by Koirala et al in
2016—includes auscultation of the audible characteristics
of the access site. These characteristics should generally
be of a low frequency, holosystolic, undulating pitch.
Indications of a significant stenosis or impending access
failure include an increase in the audible pitch during
systole only, harsh amplitudes, or a very weak signal alto-
gether. The absence of a palpable thrill is an additional
sign of possible access flow concerns. However, unfortu-
nately, it is often difficult for nephrologists to evaluate the
fistula at the time of the patient’s dialysis.

Stenosis leading to thrombosis is the primary cause
of AVF failure. This is typically observed at the venous
outflow and inflow. Surveillance of fistula or graft patency
is an ongoing necessity, and the ability to remotely moni-
tor the audible characteristics of a vascular access would
be important in optimising access patency and successful
dialysis. In conclusion, patients with CKD and ESKD are
complex, and require careful and ongoing monitoring of
critical indicators including physiologic parameters, such
as heart rate, SpO2, and biomarkers, such as haemoglo-
bin and potassium levels. Those patients with a vascular
access in place also benefit from a diligent surveillance
system to enhance the long-term patency of their access.
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