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Abstract

Establishing and maintaining a functional vascular access is essential for patients with end-stage kidney disease
on home hemodialysis. Due to patient safety concerns about vascular access complications, particularly needle
dislodgement causing bleeding, various technologies have emerged. The purpose of this study was to investigate
whether a novel device (developed by Redsense Medical AB) consisting of a sensor placed at the venous puncture
site and linked to a base unit with wireless connection to a clamp on the venous line is acceptable from a patient
perspective and feasible for implementation in a home hemodialysis program. This was a prospective cohort
study of patients undergoing home hemodialysis at the University Health Network in Toronto, Ontario, Canada. We
conducted a mixed methods study with a convergent parallel design, collecting both quantitative and qualitative
data through two patient questionnaires whereby patients rated their experience with the Redsense system

after their first 1-3 treatments and after their last treatment with the system. Thematic analysis was performed
with use of open coding and axial coding. Quantitative data was presented as a heat map depicting participants’
scoring of the Redsense system. Differences between the two questionnaires were assessed by Wilcoxon matched-
pairs signed rank tests, and the response to select questions were depicted graphically. 21 patients consented

to participate in this study, completing a total of 218 dialysis treatments with the Redsense system. Over these
treatments, the system was shown to be safe and feasible for patients to use independently at home. The alarm
had a relatively elevated false positive rate for both alarm triggering and clamp closure, with this sentiment well
described in the qualitative data, as the nuisance of false alarms was a frequent concern described in the post-
treatment questionnaire. Patients had other negative comments related to the practicality of the alarm system,
the additional burden created, and concern about technical issues relating to wireless technology. Taken together,
the data from this study suggest that most patients performing home hemodialysis independently feel that the
potential benefits of the Redsense alarm system are outweighed by the additional burden and other negatives
associated with the system.
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Introduction

Establishing a functional vascular access is the fundamen-
tal prerequisite in initiating and maintaining a patient
with end-stage kidney disease (ESKD) on hemodialy-
sis (HD). Qualified patients may choose home hemodi-
alysis (HHD), particularly given its associated clinical
benefits as well as potential for quality of life improve-
ment [1, 2]. HHD training mandates learning strategies
to mitigate vascular access complications — including
needle taping/fixing, and placement of wetness/enuresis
detectors proximal to cannulation sites or on the floor to
detect blood leaks [3] — though residual concern persists
despite serious bleeding from needle dislodgment being
extremely rare events [4].

Various technologies have emerged to address patient
safety concerns: one such technology (developed by Red-
sense Medical AB, Halmstad, Sweden) is a sensor placed
at the venous puncture site, and connected to a base unit
via optic fiber [5]. The device is activated when >1 mL of
blood comes in contact with the optic fiber, affecting the
absorption of light over a specified range of wavelengths
for oxygenated to deoxygenated blood, and triggering an
alarm in the base unit [5, 6]. The sensor has been shown
to be reasonably effective, correctly alarming for 92.5% of
blood leakage cases, increasing to 97.2% with the sensor
placed near to the puncture site [5].

To mitigate any remaining patient concerns about
bleeding or needle dislodgment and allow application
regardless of machine and age, a Redsense setup that
can automatically (without patient intervention) clamp
bloodlines in the event of a blood leak to stop the flow
of blood has been designed. A “proof of concept” study
confirmed that a clamp on the venous line, operating in
conjunction with a venous access blood detector, is fea-
sible regardless of HD location or vascular access type
[7]. While the device did improve patients’ safety percep-
tion of HD, there was concern about the added burden
to patients [7]. In order the improve the user friendliness
of the Redsense system, the clamp was updated to have a
simple one-button operation, with a wireless connection
linking the clamp to the dongle on the alarm unit and
allowing for elimination of a cable (Fig. 1). The present
study investigates whether this updated Redsense system
is acceptable from a patient perspective and feasible for
implementation in a home hemodialysis program.

Materials and methods

Device design

Redsense is an alarm system that consists of an alarm
unit, a fiber optic extension, and a sensor patch. The
alarm unit is attached to the patient’s IV pole and con-
nected to a wall outlet via AC adapter. The optical exten-
sion fiber is attached to the alarm unit and connected
to the fibre from the sensor patch. For patients with an
arteriovenous access (fistula or graft), the sensor patch
is placed on the patient with the edge of the absorbent
foam placed over the insetion point; this is done after the
needles have been inserted and before dialysis begins [8].
For patients with a central venous catheter, a larger sen-
sor patch is placed near the blood ports. The alarm unit
and clamp are not linked with a cable; they are instead
connected to each other via a wireless connection. A
graphical depiction of the device setup is shown in Fig. 1,
with the different types of alarms described in Appendix
A. The product is CE marked and are operated as per the
Instructions For Use (IFU) and per its intended use [8].

Study design

Research Ethics Board and institutional approvals were
obtained before initiation of the study (REB #17-5571).
This was a prospective cohort study of patients undergo-
ing home hemodialysis at the University Health Network
in Toronto, Ontario, Canada. Potential participants were
provided with written and oral information about the
trial. If they agreed to participate, written informed con-
sent was obtained and a study number was assigned. Par-
ticipants could freely withdraw from study participation
at any time for any reason. Participation in the study did
not affect their dialysis prescription or medications.

Staff from Redsense Medical AB., trained five home
HD registered nurses and two clinical research coordi-
nators on the use of the Redsense blood loss alarm with
clamp. The team, in turn, individually trained each study
participant.

We conducted a mixed methods study with a conver-
gent parallel design, collecting both quantitative and
qualitative data through two patient questionnaires
whereby patients rated their experience with the Red-
sense system after their first 1-3 treatments (Pre-Survey)
and after their last treatment (Post-Survey) with the sys-
tem [9].
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Fig. 1 The Redsense blood loss alarm and clamp system. (@) Graphical depiction of Redsense alarm system (b) Redsense alarm attached to patient IV pole

Data collection

Data were collected and stored using study identification
numbers to maintain patient confidentiality. Participants
recorded a log of home hemodialysis sessions performed,
including all bleeding events, alarms, clamp deployment
events, and treatment details.

Participants completed questionnaires regarding their
experience with the device after the first 1-3 treat-
ments in the study as well as after the last treatment of
the study. Questions were graded from 1 to 5, and related
to whether patients believed the Redsense system would
lead to safer dialysis, if it was easy to use, if it had affected
the treatment positively or negatively, if the alarm would
wake them up from sleep, and if it would increase con-
fidence and facilitate the ability to dialyze at home.
There was additional space for free text comments and
feedback.

Data analysis

Baseline demographics were described, with medians and
interquartile ranges for continuous variables, and num-
bers and proportions for categorical variables. Qualita-
tive data regarding patient experience with the Redsense
system was collected, with thematic analysis performed
with use of open coding and axial coding. Quantitative
data was presented as a heat map depicting participants’
scoring of the Redsense system in pre- and post-ques-
tionnaires. Differences between the two questionnaires
were assessed by Wilcoxon matched-pairs signed rank
tests, and the response to select questions were depicted
graphically.

Results
Patient flow is described in Fig. 2.

93 patients were assessed for eligibility. A total of 34
were excluded, and the remaining 59 were approached
for study inclusion. 21 patients consented to participate
in the study and as there were no patients lost to follow-
up, all 21 patients were analyzed.

Baseline demographics for the study participants are
described in Table 1.

Patients were predominantly male, with a median age
of 52 years. Two patients (10%) had had a prior bleed-
ing event and four (19%) had experienced a prior needle
dislodgment. Twelve patients (57%) had an arteriove-
nous fistula, while eight (38%) had a central venous cath-
eter and one (5%) had an arteriovenous graft. There was
a wide range of experience with HHD - three patients
(14%) had been on HHD for less than one year while
five (24%) had been on HHD for over fifteen years; the
median number of years on HHD was 5.9 years.

The 21 participants completed a total of 218 dialysis
treatments with the Redsense system. Two patients did
not report any completed dialysis treatments with the
system, five patients had one recorded treatment, while
the remaining fourteen greater than one recorded treat-
ment. The median number of treatments completed was
9, and the highest number of completed treatments was
23.

There were no reported bleeding or needle dislodgment
episodes over the course of these dialysis treatments
(Table 2). There were 40 documented alarms (25 treat-
ments with red alarms, 16 treatments with yellow alarms,
1 treatment with red + yellow alarms) — see Appendix A
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Fig. 2 Patient flow

for description of alarms. There were 15 clamp closure
events — all associated with red, yellow, or red + yellow
alarms — and 17 instances (6 red, 11 yellow) where there
were alarms but clamp did not close.

Patients completed two surveys, one at baseline (the
pre-survey/baseline survey, done after 1-3 treatments
with the device), and another after the last treatment of
the study (the post-survey). The answers to these survey

questions were scored on a scale of 1-5 are summarized
in a heat map in Fig. 3.

Baseline survey

At baseline, the majority of patients felt that supervision
with the Redsense alarm system would result a safer dial-
ysis treatment (median score of 4, mean score of 3.6) and
most participants felt that the clamp seemed easy to use
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Table 1 Continuous variables are presented as medians with
interquartile ranges. Categorical variables are presented as
numbers with proportions

Variables
Male gender, n (%) 18 (86)
Age at recruitment, years 52 (44-60)
Primary Renal Disease, n (%)
Glomerulonephritis 10 (48)
Polycystic Kidney Disease 4(19)
Diabetes 1(5)
Congenital/Hereditary 29
Renal Vascular 1(5)
Other 3(14)
ESRD vintage, years
Home HD vintage, years 59(2-15)
Previous bleeding event, n (%) 2 (10)
Previous needle dislodgment event, n (%) 4(19)
Access, n (%)
Arteriovenous fistula 12 (57)
Arteriovenous graft 8 (38)
Central venous catheter 1(5)
Dialysis schedule, n (%)
Nocturnal 18 (86)
Daytime 3(14)
Medications, n (%)
Single anti-platelet agent 3(14)
Dual anti-platelet therapy 0(0)
Anticoagulant (warfarin or DOAC) 3(14)
Neither 0(0)
Spouse or caregiver at home, n (%) 15(71)

Table 2 Safety data
Event

Count of Reported Events
Bleeding 0

Needle dislodgment 0
Catheter leak 0
Catheter Dislodgment 0

(median score 4, mean score 3.2). However, participants
generally indicated that the alarm system and clamp
affected the treatment negatively (median score 4, mean
score 3.7) rather than positively (median score 2, mean
score 2.7). Patients were split as to whether the Red-
sense system would make them feel safer or have peace
of mind (median score 3, mean score 3.2), and most did
not feel that it would increase confidence or facilitate the
decision to dialyze at home (median score 2, mean score
2.5). Notably, the four patients who felt they would have
increased confidence or the decision to dialyze at home
facilitated (score of 4 or 5) were all of more recent HHD
vintage (median 11 months since HHD training, versus
median 71 months since HHD training in the overall
cohort).
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Post-Survey

In the post treatment survey, patients continued to feel
that the Redsense alarm system would result in a safer
dialysis treatment (median 3.5, mean 3.4), although the
degree of positivity was attenuated compared to the pre-
survey (median 4, mean 3.6) (Fig. 4). Respondents felt
similarly in the post-survey about whether the Redsense
system affected the treatment positively or negatively,
compared to the pre-survey. There was a decrease in
patients’ scores on the post survey for the question ask-
ing whether the system increased confidence to dialyze
at home, with half of patients (six of twelve) scoring that
as a 1 out of 5 (Fig. 5). Of note, the three patients who
felt they would have increased confidence or the decision
to dialyze at home facilitated (score of 4 or 5) were all of
more recent HHD vintage with a median 15 months and
mean 14 months since HHD training versus median 71
months and mean of 107 months in the overall cohort.
Over half (six of eleven) scored the question asking if
they would request a Redsense system if they were to dia-
lyze at home with a 1 out of 5.

Two patients in the cohort had had a previous bleed-
ing event — when asked in the pre-survey about whether
they thought the Redsense alarm system would result
in a safer dialysis treatment, they gave scores of 4 and 5
(compared to the median score of 4 and mean score of
3.61 in the cohort). In the post-survey, when asked about
whether the alarm system and clamp would increase
their confidence and facilitate the decision to dialyze at
home, these same two patients gave scores of 3 and 5
(compared to the median score of 1.5 and mean score of
2.16 in the cohort).

Qualitative data collected from the pre- and post-ques-
tionnaires were classified according to various themes.
These are presented alongside illustrative quotations
for each identified theme in Table 3. Several patients
described an increased sense of safety and confidence in
being able to perform their dialysis treatments without
complication due to the Redsense alarm system. There
were multiple criticisms about the practicality of the
system in that it was difficult to set up or use, and that it
created an additional burden that added stress and com-
plexity. Many patients expressed being bothered by the
frequency of false alarms that disturbed sleep despite no
apparent trigger. Finally, there were concerns about tech-
nical aspects of the wireless technology adding an extra
step to the setup and being a potential source of worry
for patients in case the wireless technology were to fail.

Discussion

There are several clinical benefits to home hemodi-
alysis, but these benefits must be balanced against the
risks of the vascular access used to dialyze indepen-
dently [10]. The ideal vascular access provides reliable,
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Number of Patients with Each Score
Query Median Score | Mean Score
1 | 2 | 3 ‘ 4 ‘ 5
Questionnaire After First 1-3 Treatments (Pre-Survey)

Do you think supervision with the Redsense alarm 1 1_4 3 1 3 4 36
system will result in a safer dialysis treatment? ) ! i £
The alarm system and clamp seem easy to use? 3 2 “ 2 4 32

Have the alarm system and clamp affected the ’ ' 5
treatment negatively in any way? 1 = “ c 5 o Rl
Have the alarm system and clamp affected the
treatment positively in any way? 3 2 1 2 2 2 a7
Would the alarm signal wake you up if you were 1 . - 5 A5
sleeping? ’
If you are dialyzing at home, would a Redsense
alarm system and clamp make you feel more safe 3 1 3 2 4 3 32
and give you peace of mind if you were to dialyze at =
home? o
Would the alarm system and clamp increase your :
confidence and facilitate your decision to dialyze at 4 3 2 2 2 25
home?
Questionnaire After Last Treatment (Post-Survey)
Do you think supervision with the Redsense alarm
system will result in a safer dialysis treatment? 1 3 g g 3 %3 o4
The alarm system and clamp seem easy to use? 3 3 2 4 31
Have the alarm system and clamp affected the :
treatment negatively in any way? 2 2 1 S 4 4 34
Have the alarm system and clamp affected the ;
treatment positively in any way? 2 2 2 g = = &5
Would the alarm signal wake you up if you were _ 3 “ 5 43
sleeping? I ¥
Would you request a Redsense alarm system and 1 - - 1 ’ i
clamp if you were to dialyze at home? . ; : ’
Would the alarm system and clamp increase your - ] .
confidence and facilitate your decision to dialyze at 2 1 2 1 15 22
home? :

Fig. 3 Heat map of scores for pre- and post- questionnaires
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Fig. 4 Box and Whisker plots demonstrating median, interquartile range, and range of questionnaire results
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Would the alarm system and clamp increase your
confidence and facilitate your decision to dialyze at home?

Number of Patients
N W B Wb (o7 ~J

-

0 II II
1 2

= I Ha
3 5 5

Score (out of 5)
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Fig. 5 Number of patients indicating increased confidence in dialyzing at home

Table 3 Categories and quotes of perceived factors influencing patient experience

Theme

Illustrative Quotations for Each Identified Theme

Positive
Sense of Safety/Confidence

+"The concept of having a clamp that would stop the blood flow in the event of a disconnection is very reassuring.”

+“Having the added safety system would make us more confident to dialyze at home, but wouldn't have any

impact on our decision to do it

+“| can relax better and sleep better, because I trust the device”

Negative

Practicality

Additional Burden

+“One of the most frustrating things about this unit is the lack of information it gives. Trying to decipher what the
flashing patterns of 2 LEDs means feels a bity like trying to break a code, in the middle of the night, while you're
groggy from having just been woken up. ..[sJlome form of LCD or even LED display that could give user feedback
would make an immense difference. Then as the user we'd know why the unit was alarming and what we needed
to do about it”

«"The system and clamp were a pain to use, and too difficult to setup without the aid of a second person helping”

+"... patients are already stressed with the dialysis machine alone. This adds to the complexity of having to know

additional system on top of RO Machine and Dialysis."
-"Don't like having this extra piece of equipment at night/feels like | have to monitor it to see what's happening”
+“It adds layer of security, but impacts my sleep!

Nuisance of False Alarms

- "Kept getting alarms and waking me up, even though no blood leak or major movement”

+“Nuisance and false alarms stopped treatment unnecessarily, and regularly woke us up, giving us poorer sleeps”

Technical Issues

«"Wireless tech is just not flawless. Wireless tech also often relies heavily on batteries, adding an extra step to ev-

eryday life to use standard things ..[w]henever we do need to use something wireless, there's always a hardwired
backup option on standby for when there’s an issue”

complication-free ability to deliver prescribed dialysis
[11, 12]. However, one of the most significant concerns
with performing HHD is trepidation relating to needle
dislodgment and subsequent bleeding. This is particu-
larly notable for venous dislodgment (VND) - with
typical blood flow (Qb) rates of 300-500 mL/min, VND
could lead to a patient losing upwards 2 L of blood (from
an average human blood volume of 5 L) within only min-
utes, and precipitate development of hemorrhagic shock
[13], especially if the bleeding goes unnoticed due to the
patient sleeping or the access being obscured. Impor-
tantly, over 70% of patients have venous access pres-
sures too small to trigger a machine alarm in the case of
a VND [14], and if there is an upward drift in the venous
pressure (due to ultrafiltration increasing a patient’s

hematocrit and blood viscosity), the pressure drop
required to trigger an alarm is increased and heightens
the risk of undetected VND [15]. Therefore, a large focus
of HHD patient training relates to strategies to minimize
the risk of bleeding or mitigate morbidity should bleed-
ing occur [12].

The adverse event rate for patients on home hemodi-
alysis is extremely low, as demonstrated by a retrospec-
tive cohort study of 202 HHD patients which reported a
serious adverse event rate of only 0.009 per patient-year
of HHD and 0.038 per 1,000 dialysis treatments [4]. This
study examined 183,603 dialysis treatment and found a
total of 18 needle dislodgments, of which 14 (78%) were
attributed to patient error [4]. A similar study in two
Canadian HHD programs reviewed 500 patient-years



Chan et al. BMC Nephrology (2025) 26:398

Page 8 of 10

Alarm Unit Indicator Significance
Pre-HD Flashing Battery indicator Light Alarm unit charging
Solid indicator light Charging complete
Yellow indicator light Any of:
Moisture in contact with sensor
Sensor loose, not connected, or broken
Optical extension fiber not connected correctly
Flashing green indicator light Alarm performing self-test
During HD ~ Continuous green indicator light Unit running
Yellow warning indicator light (fol- ~ Any of:
lowed by intermittent alarm signal) Moisture in contact with sensor
Sensor loose, not connected, or broken
Optical extension fiber not connected correctly
Red (followed by continuous alarm  Blood detected by sensor, either due to venous needle dislodgment or leak
signal)
All indicator lights flashing Internal error detected — contact Redsense Medical for support
Bloodline Indicator Significance
Clamp
Communi-  Fast blue blink Bloodline Clamp is not paired or connected to Dongle, or wireless connection to Dongle lost

((T)) Slow blue blink
B + Yellow blink
Alternating blue and yellow

Warningor  Red — Warning

A

is clamped

Red blink — high priority alarm
condition

Normal - Bloodline Clamp is paired and connected to a Dongle and treatment ongoing

Radio contact with Dongle is lost for more than one (1) minute

The user has pressed the buttn on the Bloodline Clamp to start connection check with the Dongle
Bloodline Clamp has received blood leakage detection alarm from Alarm Unit and the bloodline

Bloodline Clamp has detected internal error

of dialysis, identifying six potentially fatal events and
reporting a major adverse event rate of 0.06 per 1000
dialysis treatments [16]. Despite the overall low risk of
serious adverse events, patient concerns about the safety
of utilizing a dialysis vascular access independently at
home remain a major barrier to choosing home hemodi-
alysis [17-19].

Addressing patient error or adverse events through
human factors engineering [20] may help to reduce com-
plications and increase the safety perception of home
hemodialysis. A prior study of the Redsense system had
found the system to be functional, but raised concerns
about the additional burden created and impact on user
acceptability [7]. In this study, we examined the updated
Redsense system, which consists of an one-button alarm
unit wirelessly connected to a clamp that could stop the
flow of blood if a blood leak was detected.

A previously published study on an older version of
the Redsense system found that it had correctly identi-
fied all three bleeding events over the 214 HHD treat-
ments in the study period [7]. In our study, the device
sensitivity in identifying bleeding events and triggering
the venous line clamp could not be properly assessed, as
there were no reported events (bleeding, needle or cath-
eter dislodgment, or catheter leak) for the 218 treatments
within the study period and therefore no true positives or
false negatives. Despite this, the alarm was triggered 40
times and there were 15 clamp closure events, represent-
ing a relatively elevated false positive rate for both alarm

triggering and clamp closure (especially considering that
there were only five false positive clamp events for 214
treatments in the prior study [7]). This sentiment was
also well described in the qualitative data, as the nuisance
of false alarms was a frequent concern described in the
post-treatment questionnaire; this was compounded by
the fact that there were no true positive adverse events
during the study period and the incidence rate of a severe
adverse event in the literature is extremely low, thus mak-
ing the purported benefit of the system less tangible. The
reason for the high rate of false alarms was not recorded,
but we speculate that moisture at the site was the main
cause for a false positive.

In addition to frustrations about the occurrence of false
alarms, patients had other negative comments related to
the practicality of the alarm system, the additional bur-
den created, and concern about technical issues relating
to wireless technology (Table 3). This manifested quan-
titatively as low scores in the post-survey for questions
on whether patients would request the alarm system
and clamp for HHD (median score 1, mean score 2.0)
or whether it would increase confidence and facilitate
the decision to do HHD (median score 1.5, mean score
2.2), both lower than the corresponding questions in the
pre-survey. Taken together, the data from this study sug-
gest that most patients performing HHD at home inde-
pendently feel that the potential benefits of the Redsense
alarm system are outweighed by the additional burden
and other negatives associated with the system.
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There were select patients who felt positively about the
Redsense alarm system with clamp. For instance, patients
of more recent HHD vintage tended to view the system
more positively, evidenced by the fact that the three
patients who had increased confidence of the decision to
dialyze at home were of relatively more recent HHD vin-
tage. The two patients in the cohort who had had a prior
bleeding event also tended towards higher scores for the
same question in both the pre- and post-surveys. There-
fore, in spite of its challenges in widespread use for the
general HHD population — as evidenced by the low num-
ber of patients who indicated that the Redsense system
affected the treatment positively, that they would request
the system if dialyzing at home, or that it would increase
confidence — there could be potential situations where
the system could be useful. For instance, the data sug-
gest that the alarm system and clamp may be useful for
patients who have had a prior bleeding event and wish to
have the peace of mind afforded by the system. Similarly,
patients of more recent vintage or those unfamiliar with
a hemodialysis vascular access but considering HHD as a
modality may be reassured by the presence of the system.

The findings of our study have limited generalizability
given that there were no vascular access bleeding events
during the study period, precluding our ability to assess
the sensitivity of the Redsense system. Despite there
being 218 dialysis sessions recorded through the study
period, these were distributed unevenly amongst the
study participants, as one third (7 of 21 patients) had only
one recorded treatment session or less reported — this
could have further skewed our data and limits interpre-
tation. While there was a signal towards certain popula-
tions perceiving the system more favorably (those who
started HHD more recently, those with a prior access
bleeding event), the absolute number of patients in these
groups was small, making these findings exploratory.

In closing, we described a blood loss alarm system
with wirelessly connected clamp designed to increase
the safety of hemodialysis treatments. Over 218 treat-
ments, the system was shown to be safe and feasible for
patients to use independently at home. Though iterative
design modifications have been made compared to prior
versions of the system, there remain several challenges to
its broad useability and acceptability amongst the gen-
eral HHD population. Despite this, the technology has
potential utility for targeted populations, and future stud-
ies could explore if patients in other health care settings
could benefit from this type of semi-autonomous system.

Appendix A

Acknowledgements
Not applicable.

Page 9 of 10

Author contributions

CC conceptualized the study. MM collected primary data. RC analyzed and
interpreted the study data. RC wrote the original manuscript draft. MM and
CC edited the manuscript draft. All authors read and approved the final
manuscript.

Funding
Investigator Initiated Grant Funding Support through Redsense AB.

Data availability
The datasets used and/or analysed during the current study are available from
the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate

Ethics approval is provided by University Health Network Research Ethics
Board (17-5571) in accordance with the Declaration of Helsinki. Informed
consent was obtained from all participants.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Author details
'Division of Nephrology, University Health Network, 200 Elizabeth Street
8N Room 846, Toronto, ON M5G 2C4, Canada

Received: 1 June 2025 / Accepted: 9 July 2025
Published online: 17 July 2025

References

1. Culleton BF, Walsh M, Klarenbach SW, Mortis G, Scott-Douglas N, Quinn RR, et
al. Effect of frequent nocturnal hemodialysis vs conventional hemodialysis on
left ventricular mass and quality of life: A randomized controlled trial. JAMA.
2007;298(11):1291.

2. Bieber SD, Young BA. Home hemodialysis: core curriculum 2021. Am J Kidney
Dis. 2021;78(6):876-85.

3. Rioux J, Marshall MR, Faratro R, Hakim R, Simmonds R, Chan CT. Patient selec-
tion and training for home hemodialysis. Hemodial Int [Internet]. 2015 Apr
[cited 2024 Jan 27];,19(S1). Available from: https://onlinelibrary.wiley.com/doi/
10.1111/hdi.12254

4. Tennankore KK, d'Gama C, Faratro R, Fung S, Wong E, Chan CT. Adverse
technical events in home Hemodialysis. Am J Kidney Dis. 2015;65(1):116-21.

5. Ahlmén J, Gydell K, Hadimeri H, Hernandez |, Rogland B, Strémbom U. A new
safety device for Hemodialysis. Hemodial Int. 2008;12(2):264-7.

6. Frinak S, Kennedy J, Zasuwa G, Passalacqua KD, Yee J. Detection of Hemodi-
alysis venous needle dislodgment using venous access pressure measure-
ments: A simulation study. Kidney360. 2023;4(4).e476-85.

7. Kennedy C, McGrath-Chong M, Arustei D, d'Gama C, Faratro R, Fung S, et al. A
prototype line clamp for venous access bleeding in hemodialysis: A prospec-
tive cohort study. Hemodial Int. 2019;23(2):151-7.

8. Redsense Medical AB. Redsense Instructions for Use [Internet]. Available
from: https://redsensemedical.com/wp-content/uploads/IFU_CVC_RM_1_R
M248.pdf

9.  Fetters MD, Curry LA, Creswell JW. Achieving integration in mixed methods
Designs—Principles and practices. Health Serv Res. 2013;48(6pt2):2134-56.

10.  Rocco MV, Lockridge RS, Beck GJ, Eggers PW, Gassman JJ, Greene T, et al. The
effects of frequent nocturnal home hemodialysis: the frequent Hemodialysis
network nocturnal trial. Kidney Int. 2011,80(10):1080-91.

11. Lok CE, HuberTS, Lee T, Shenoy S, Yevzlin AS, Abreo K, et al. KDOQI clini-
cal practice guideline for vascular access: 2019 update. Am J Kidney Dis.
2020;75(4):S1-164.

12. ChanRJ, Chan CT. Vascular access considerations in home Hemodialysis. Clin
J Am Soc Nephrol. 2024;19(8):1036-44.

13.  Gutierrez G, Reines HD, Wulf-Gutierrez ME. Hemorrhagic shock. Crit Care.
2004,8(5):373.


https://onlinelibrary.wiley.com/doi/10.1111/hdi.12254
https://onlinelibrary.wiley.com/doi/10.1111/hdi.12254
https://redsensemedical.com/wp-content/uploads/IFU_CVC_RM_1_RM248.pdf
https://redsensemedical.com/wp-content/uploads/IFU_CVC_RM_1_RM248.pdf

Chan et al. BMC Nephrology

(2025) 26:398

Ribitsch W, Schilcher G, Hafner-Giessauf H, Krisper P, Horina JH, Rosenkranz
AR, et al. Prevalence of detectable venous pressure drops expected with
venous needle dislodgement. Semin Dial. 2014;27(5):507-11.

Frinak S, Zasuwa G, Dunfee T, Besarab A, Yee J. Dynamic venous access
pressure ratio test for hemodialysis access monitoring. Am J Kidney Dis.
2002;40(4):760-8.

Wong B, Zimmerman D, Reintjes F, Courtney M, Klarenbach S, Dowling G,

et al. Procedure-Related serious adverse events among home Hemodialysis
patients: A quality assurance perspective. Am J Kidney Dis. 2014;63(2):251-8.
Faratro R, Jeffries J, Nesrallah GE, MacRae JM. The care and keeping of vascu-
lar access for home hemodialysis patients. Hemodial Int [Internet]. 2015 Apr
[cited 2024 Jan 20];19(S1). Available from: https://onlinelibrary.wiley.com/doi/
10.1111/hdi.12242

El Shamy O, Abra G, Chan C. Patient-centered home hemodialysis:
approaches and prescription. Clin J Am Soc Nephrol [Internet]. 2023 Aug 28

20.

Page 10 of 10

[cited 2023 Nov 14]; Available from: https://journals.ww.com/10.2215/CJN.00
00000000000292

Walker RC, Hanson CS, Palmer SC, Howard K, Morton RL, Marshall MR, et

al. Patient and caregiver perspectives on home hemodialysis: a systematic
review. Am J Kidney Dis Off J Natl Kidney Found. 2015;65(3):451-63.

Cafazzo J, St-Cyr O. From discovery to design: the evolution of human factors
in healthcare. Healthc Q. 2012;15(sp):24-9.

Publisher’s note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.


https://onlinelibrary.wiley.com/doi/10.1111/hdi.12242
https://onlinelibrary.wiley.com/doi/10.1111/hdi.12242
https://journals.lww.com/10.2215/CJN.0000000000000292
https://journals.lww.com/10.2215/CJN.0000000000000292

	﻿An integrated alarm with clamp system to mitigate vascular access bleeding in hemodialysis: a prospective cohort mixed methods study
	﻿Abstract
	﻿Clinical trial number
	﻿Introduction
	﻿Materials and methods
	﻿Device design
	﻿Study design
	﻿Data collection
	﻿Data analysis

	﻿Results
	﻿Baseline survey
	﻿Post-Survey

	﻿Discussion
	﻿﻿Appendix A
	﻿References


