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ABSTRACT

Introduction: Haemodialysis (HD) adequacy is critical for
patient outcomes. Alarms frequently interrupt treatments,
making it important to understand the relationship between
alarm frequency and dialysis adequacy (Kt/V).

Aim: To evaluate the impact of HD machine alarm frequency on
dialysis adequacy using the Online Clearance Monitor (OCM).

Materials and Methods: This cross-sectional study was
conducted at the Dialysis Unit of Yenepoya Medical College
Hospital, Mangaluru, Karnataka, India, from September 2023 to
May 2024, involving 43 HD patients. OCM was used to determine
HD adequacy. Data such as postdialysis weight, haemoglobin,
Kt/V goal achievement and alarm occurrences during the four-
hour session on Fresenius 4008S machines were collected.
Regression analysis was employed to examine the association
between adequacy and alarm frequency.

INTRODUCTION

HD is a medical treatment used to remove excess metabolic
waste and fluid from the blood of patients with Chronic Kidney
Disease (CKD) or End-Stage Renal Disease (ESRD). HD machines
are designed to perform this treatment. However, various factors
influence the efficiency and effectiveness of HD treatments and
one such factor is the frequency of alarms in HD machines. These
alarms are warning signals that the HD machine generates to alert
healthcare providers about potential issues or problems during
the treatment, such as low blood flow rates or interruptions in the
dialysis process [1].

The frequency of alarms in HD machines can significantly impact
the adequacy of HD treatments, as frequent alarms can disrupt
the treatment flow and result in suboptimal clearance of waste
and excess fluid from the blood [2]. The assessment of dialysis
dose is crucial since extensive evidence shows that patient
survival depends on treatment adequacy [3]. The adequacy of HD
treatments can be impacted by various factors, such as session-
to-session variation in individual patients, which has been shown to
influence treatment quality. This makes monitoring dialysis doses in
each session critical. Studies have found that HD treatment quality
is often suboptimal, with 15-20% of patients receiving inadequate
dialysis doses [3].

To address this issue, the use of OCM has been proposed as a
method of continuously monitoring the clearance of waste and
excess fluid from the blood during HD treatments. This information
can be used to evaluate the impact of alarm frequency on the
adequacy of HD treatments and make necessary adjustments to
improve the efficiency and effectiveness of treatments [4].
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A Cross-sectional Study

Results: The study population comprised 12 females and 31
males, with a mean age of 51.44+15.822 years. The mean
frequency of alarm muting was 2.02+2.858 times per treatment,
with an average achieved Kt/V of 1.251+0.088. Conductivity
alarms were the most frequent (mean+SD=4.55+3.83), followed
by upper and lower vein alarms. Multiple linear regression
analysis revealed a statistically significant positive association
between alarm muting frequency and Kt/V values {$=0.010,
95% CI (0.0011, 0.0195), p-value=0.0282}.

Conclusion: The study found that increased alarm muting
frequency was associated with improved dialysis adequacy, as
measured by Kt/V. This suggests that selective alarm muting
based on clinical judgment may not negatively impact treatment
effectiveness. However, further research is needed to establish
optimal protocols for alarm management that balance treatment
efficiency with patient safety.
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OCM functions by measuring ionic dialysate, which is closely related
to urea clearance [5]. This involves using a second conductivity cell
in the effluent dialysate. OCM offers a safe and accurate method for
real-time monitoring of total urea clearance [5,6]. Different methods
of online urea concentration and clearance monitoring have been
suggested for controlling dialysis dose (Kt/V) and Protein Catabolic
Rate (PCR) [6]. Some systems, such as the DQM 200, are separate
modules that provide results such as Total Removed Urea (TRU),
Urea Reduction Ratio (URR), Kt/V, equilibrated Kt/V, PCR, and
normalised PCR [6]. The UM 1000 presents results as cumulative
urea removal, Kt/V during dialysis, Kt/V at the session’s end, and
PCR at the session’s end [6].

Fresenius Medical Care (FMC) HD machines offer Effective lonic
Dialysance (EID) [6]. The Fresenius 4008S machine, equipped with
OCM, facilitates conductivity monitoring to measure EID, an online
measure of effective urea clearance calculated using changes in
dialysate sodium conductivity [5,7]. EID provides a reliable, real-
time, non invasive and inexpensive measurement of dialysis dose
during an HD session [5,8]. Alarm Management Systems (AMS)
in HD are crucial for patient safety, monitoring various parameters
and alerting staff to potential issues. However, frequent alarms can
disrupt HD treatment and lead to inadequate dialysis. AMS uses
two different notification models: local or on-floor monitoring and
remote monitoring. The former is primarily located within the care
unit and notifies the nursing staff directly, while the latter manages all
alarms from a distance using technical staff members who monitor
alarms from multiple care units [9].

There is a need to assess the impact of alarm frequency on HD
adequacy and to determine whether decreased alarm frequency
in HD machines results in improved clearance of metabolic waste
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and excess fluid from the blood during HD treatment. The findings
from this study can contribute to improvements in the design and
implementation of HD machines, ultimately enhancing treatment
efficiency and effectiveness. The primary objective of this study
was to evaluate the impact of HD machine alarm frequency on HD
treatment adequacy through continuous OCM.

MATERIALS AND METHODS

This cross-sectional study was conducted in the Dialysis Unit of
Yenepoya Medical College Hospital, Mangaluru, Karnataka, India,
from September 2023 to May 2024. The study was approved by
the Institutional Ethics Committee at Yenepoya Medical College
Hospital (YEC2/2023/080). Written informed consent was obtained
from all enrolled patients.

Inclusion criteria: People receiving HD on the Fresenius 4008S HD
machine and who were undergoing maintenance HD for at least
four hours in a single dialysis session were included in this study.
Exclusion criteria: Outpatient maintenance HD patients with
hepatitis B and hepatitis C, as well as patients undergoing dialysis
in the inpatient ward or in the intensive care unit, were excluded
from the study.

Sample size calculation: Considering the anticipated prevalence
of HD adequacy as 50%. The sample size was calculated as:

_z%p(1-p)

=
where, Z=1.96, the standard normal score, p=50%, E=15%, the
margin of error. The sample size required was 43.

OCM was utilised to assess HD adequacy. Data were collected
during routine HD sessions. The following parameters were collected
from the dialysis machine and patient records: postdialysis weight,
haematocrit value, Kt/V goal achieved and alarms occurring on the
Fresenius 4008S machine during the four-hour session. Kt/V was
used to quantify HD adequacy [10]. Here, K represents the urea
clearance, t is the duration of dialysis, and V signifies the volume of
distribution of urea [10].

The OCM was set to run for the entire four-hour dialysis session.
Prior to the session, postweight and haematocrit values were
determined and entered into the OCM. The Kt/V target was set to
1.4 for patients attending twice-weekly sessions and 1.2 for those
attending three times a week. The Fresenius 4008S machine was
monitored for OCM settings, and the achievement of the Kt/V goal
was recorded. The number of alarms triggered and muted by the
alarm system was also recorded.

STATISTICAL ANALYSIS

Statistical analysis was performed using R Studio version 4.1.2.
Regression analysis was employed to assess the impact of alarm
frequency on HD treatment efficiency, as measured by OCM data.
Statistical significance was considered at p-value <0.05.

RESULTS

A total of 43 HD patients were enrolled in the study. The mean age
of participants was 51.44+15.822 years. The sample comprised 12
females (27.9%) and 31 males (72.1%). All patients were treated
using Fresenius 4008S HD machines and the average time spent
on dialysis was four hours. The mean frequency of alarm muting
was 2.02+2.858 times per treatment session. The average Kt/V
value achieved was 1.251+0.088, with a mean goal achievement
score of 1.27+0.637 [Table/Fig-1].

The conductivity alarm was found to be the most frequent (n=11,
mean+SD=4.55+3.83), followed by upper and lower vein alarms
(n=10 each). Less frequent alarms included lower Transmembrane
Pressure (TMP) alarms (n=5, 3.8+3.27) and air detector alarms
(n=2, 2.5+0.71) [Table/Fig-2].
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Variables Mean+SD
Age 51.44+15.822
No. of times muted 2.02+2.858
Ki/V 1.251+0.088
Goal achieved 1.27+0.637

[Table/Fig-1]: Descriptive statistics of study variables.

Number of
Type of alarm participants | Mean+SD Minimum Maximum
Conductivity alarm 1 4.55+3.83 1 11
Upper vein alarm 10 2.6+1.43 1 6
Lower vein alarm 10 3.7+1.89 1 6
Air detector 2 2.56+0.71 1 3
Lower TMP alarm 5 3.8+3.27 1 9
Upper TMP alarm 1 8+-
Blood leak alarm 2 1+0 1 1
BLD dismiss alarm 1 1+-
Relation between 1 1s
BF/UFR

[Table/Fig-2]: Distribution of types of alarms during treatment.

TMP: Transmembrane pressure; BLD: Blood leak detector, BF: Blood flow;
UFR: Ultrafiltration rate

The analysis revealed a significant positive association between
the number of times alarms were muted and Kt/V values {$=0.010,
95% CI (0.0011, 0.0195), p-value=0.0282} [Table/Fig-3].

Confidence interval

Lower Upper
Predictors Beta bound bound p-value
Constant 1.23 1.198 1.262 <0.001
No. of times alarm muted 0.010 0.0011 0.0195 0.0282*

[Table/Fig-3]: Multiple linear regression analysis for predictors of dialysis treatment

effectiveness.

The regression equation can be expressed as Z (Kt/V)=1.23+0.010
x (No. of times muted). This equation helps to understand how the
effectiveness of dialysis treatments (Kt/V) is related to the number
of times the machine alarms are muted. The equation indicates
that the baseline effectiveness (Kt/V) is 1.23 when no alarms are
muted, with an increase of 0.010 units in Kt/V for each additional
alarm muting event. For example, ten instances of alarm muting
would correspond to a predicted Kt/V increase from 1.23 to 1.33.
In simple terms, more frequent muting of the alarms leads to a small
improvement in the dialysis treatment’s effectiveness.

The relationship between the alarm muting frequency and treatment
effectiveness is illustrated in the scatter plot [Table/Fig-4]. The plot

140~ . . .

Treatment Effectiveness (KUV)

120- . . . . . . .

6
Number of Times Alarms Muted

[Table/Fig-4]: Scatter plot with alarm muting frequency on x-axis and Kt/V values

on y-axis, including the regression line.
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demonstrates a positive linear trend, supporting the regression
analysis findings that increased alarm muting frequency is
associated with improved treatment effectiveness as measured by
Kt/V values.

DISCUSSION

This study examined the relationship between the frequency of
alarms during HD and the adequacy of dialysis treatment, measured
by Kt/V. The findings showed a statistically significant positive
association between the number of times alarms are muted and
Kt/V (p-value=0.0282). This suggests that the dialysis staff may
selectively mute alarms based on clinical judgment, prioritising
uninterrupted treatment while ensuring safety. This practice occurs
within the context of ensuring dialysis adequacy, which is a critical
factor influencing patient survival and treatment quality [3].

The demographic composition of this study population showed a
predominance of male participants (72.1%) with a mean age of
51.44+15.822 years. This differs somewhat from the population
studied by Mansur A et al., who reported amean age of 56.46+13.82
years in their study of HD adequacy [11]. The study by Zhang L et
al., involved a population with a mean age of 51.5+12.2 years,
with 86.7% males, further emphasising the variability in patient
demographics across different studies [3].

The integration of OCM presents a promising avenue for improving
dialysis adequacy monitoring. As demonstrated by Daugirdas
JT and Tattersall JE, machine-based monitoring methods can
provide several advantages, such as the ability to detect access
recirculation immediately, monitor dialyser performance in real
time and ensure the delivery of prescribed dialysis doses in each
session [12].

The mean Kt/V in present study was 1.251+0.088, meeting the
minimum KDOQI recommendation of 1.2 but falling below the
optimal 1.4 threshold [13]. Alarm frequency analysis revealed that
conductivity alarms were the most common; the probable reason
could be due to the inappropriate mixing and depletion of dialysis
fluid, followed by lower vein pressure alarms and upper vein
pressure alarms. Conductivity-based monitoring is increasingly
used as a surrogate for dialysis adequacy; however, its accuracy
has been debated [14]. Studies by Lindsay RM et al., and Mcintyre
CW et al., have indicated a moderate correlation between OCM and
calculated Kt/V [15,16], while Sabry AA et al., highlight significant
discrepancies between these measurements [14].

Zhang L et al., highlight the importance of monitoring dialysis dose
in each session due to session-to-session variation impacting
treatment quality. Their study, conducted in China, demonstrated
that online monitoring with Adimea®, a UV spectroscopy-based
system for spent dialysate analysis, improved and maintained dialysis
adequacy [3]. Notably, they found that patients with a baseline
Kt/V <1.20 showed a significant increase to reach an adequacy
level >1.20 with Adimea® monitoring [3]. This aligns with present
study which emphasises on optimising treatment effectiveness and
suggests that tools for real-time dialysis dose assessment can be
valuable.

The frequency of alarm muting varied widely across sessions
(M+SD=2.02+2.858 times per session), emphasising the need for
standardised protocols. Even though alarm systems are crucial for
patient safety, present study findings suggest that carefully managed
alarm muting may not necessarily affect treatment effectiveness.
However, concerns remain regarding patient safety and the
potential for missing critical alerts. Prior research emphasises that
effective HD is influenced not just by clearance metrics but also by
haemodynamic stability and individualised patient responses [17].

Present study findings highlight the complex relationship between
the frequency of alarms and dialysis adequacy. This highlights the
importance of implementing effective alarm management protocols
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in dialysis centres—protocols that help staff respond quickly when
something is truly wrong while also minimising distractions from
unnecessary alerts.

Limitation(s)

This study had several limitations. First, the single-centre nature
of present study and the relatively small sample size may limit the
generalisability. Larger multicentre studies are required to validate
these findings. In addition, the uneven gender distribution in present
study might not represent the broader dialysis population.

Future research should investigate whether these findings can be
replicated in larger, more diverse patient populations across multiple
dialysis centres. Studies can be conducted to explore the specific
types of interventions that trigger alarms and their impact on dialysis
adequacy, using OCM data to track changes in Kt/V. Furthermore,
studies are needed to determine the optimal balance between alarm
sensitivity and specificity in HD machines.

CONCLUSION(S)

This study provides evidence of a complex relationship between
alarm frequency and dialysis adequacy. While frequent alarm
muting is associated with slightly improved treatment effectiveness,
further research is needed to fully understand the underlying
mechanisms and optimise alarm management strategies in
HD, potentially utilising OCM to improve dialysis monitoring and
outcomes.
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