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Abstract: Hemodialysis machines are essential for
patients with end-stage renal failure, yet their complex
design makes them susceptible to faults that can
interrupt therapy and jeopardize patient safety.
Common malfunctions include blood-leak detector
errors, dialysate conductivity and temperature-control
faults, which may lead to hemolysis, electrolyte
imbalance, or abrupt treatment cessation. Although
modern systems incorporate multiple sensors and
alarm mechanisms, these typically activate only after

strict  preventive maintenance and intelligent
diagnostic tools. Recent advances such as the HD
service app enhance troubleshooting efficiency, while
predictive  maintenance using machine-learning
models (e.g., LSTM networks) enables early fault
detection. Future developments including loT-based
monitoring, self-diagnostics, and modular system
design are expected to further improve safety and
operational reliability.
Keyword: Hemodialysis machine; malfunction;
maintenance; predictive diagnostics; patient safety;
reliability.

I. INTRODUCTION

Hemodialysis machines are critical for
sustaining life in patients with end-stage renal
disease (ESRD), functioning as artificial kidneys
that remove toxins, excess fluids, and metabolic
waste from the bloodstream. These systems play
an essential role in preserving electrolyte balance
and acid-base homeostasis, thereby preventing
severe complications associated with renal
failure. Over the years, the integration of dialysis
technology into routine clinical practice has
significantly improved both survival rates and
quality of life for patients, establishing it as one
of the most vital innovations in modern medicine
(Canaud, 2023; Maduell et al., 2022a).

Nevertheless, the intricate structure of these
machines—comprising electrical circuits,
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hydraulic pumps, control units, and numerous
sensors—makes them susceptible to various
technical malfunctions. Even seemingly minor
faults, such as inaccurate temperature regulation,
conductivity drift, or pressure imbalances, can
disrupt the dialysis session or endanger the
patient. Equipment downtime caused by such
failures often leads to incomplete treatments,
unscheduled maintenance, and increased clinical
workload. Research has shown that recurring
technical  issues can reduce treatment
effectiveness, cause patient discomfort, and in
some cases lead to hospitalization due to
inadequate waste removal (Maduell et al.,
2022b; Saha et al., 2022).
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Fig 1: Schematic diagram of hemodialysis machine
architecture.

For this reason, understanding the root
causes and patterns of hemodialysis machine
malfunctions is essential for improving
performance reliability and ensuring
uninterrupted therapy. The present study aims to
identify and classify the most frequent types of
faults in dialysis systems, with a focus on
electrical, hydraulic, control, and sensor-related
failures. It also seeks to evaluate diagnostic and
maintenance strategies that can minimize
downtime and enhance device dependability. By
recognizing fault trends and integrating
preventive  maintenance  with intelligent
diagnostic methods, this work aims to contribute
to the development of safer and more efficient
hemodialysis practices (Rossi et al., 2023a;
Smith et al., 2023).

Il. SYSTEM OVERVIEW

A hemodialysis machine is a highly
integrated biomedical system designed to
replicate the excretory function of the kidneys. It
consists of several key subsystems that work in
harmony to ensure safe and effective treatment:
the blood circuit, the dialysate circuit, the control
and monitoring unit, and the alarm and safety
system. Each subsystem performs a distinct role
while remaining synchronized through electronic
control logic and continuous sensor feedback
(Canaud, 2023).

The blood circuit begins with a blood pump
that propels the patient’s blood through an
extracorporeal tubing set toward the dialyzer.
Pressure sensors monitor the arterial and venous
lines to maintain stable flow and prevent
complications such as hypotension, clotting, or
air embolism. An air detector near the venous
return line ensures that no air bubbles enter the
bloodstream; if air is detected, the system
automatically clamps the line and triggers an
alarm. Simultaneously, the dialysate circuit
prepares a solution with precise concentrations
of electrolytes and bicarbonate, heated to
approximately 37°C. This fluid circulates in a
countercurrent direction relative to blood flow
across the dialyzer membrane, allowing diffusion
and ultrafiltration of waste products (Maduell et
al., 2023).

At the core of the system lies the control
and monitoring unit, which continuously
processes sensor data to regulate temperature,
flow rate, conductivity, and ultrafiltration
volume. Modern machines like the NIPRO
Surdial X rely on microprocessor-based control
boards and closed-loop systems that adjust pump
speeds and valve positions in real time. These
control units interface with a graphical user
interface where treatment parameters are
displayed and alarms are managed. The alarm
and safety system ensures patient protection by
immediately detecting abnormal conditions such
as temperature deviation, blood leaks, pressure
imbalances, or conductivity errors, and halting
therapy when necessary (Shintaku & Mori,
2023).
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Each alarm is associated with a specific
error code shown on the screen, enabling
biomedical engineers to quickly identify the
cause and take corrective action. In addition to
hardware safeguards, software interlocks and
self-test routines are executed before each
session to verify the operational integrity of
sensors, valves, and actuators (Yamamoto et al.,
2023). A schematic representation of the dialysis
machine architecture typically highlights the
interaction between the blood and dialysate
circuits, emphasizing the sensor nodes and
feedback loops used for automatic regulation.
Understanding  these  interconnections s
fundamental for accurate fault diagnosis and for
preventing  cascading  failures  (NIPRO
Corporation, 2024).

111. CLASSIFICATION OF FAULTS

Hemodialysis machines such as the
NIPRO Surdial X integrate hydraulic, electrical,
control, and sensory subsystems, making them
vulnerable to a variety of faults. Based on field
observations, maintenance logs, and technical
documentation, the most frequently encountered
faults can be grouped into several categories:
electrical and control faults, hydraulic faults,
sensor faults, and alarm-related issues (El-Hariri
etal., 2022).
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Fig. 2: NIPRO Surdial X Hemodialysis Machine.

A. Electrical and Control Faults:

These are among the most critical issues in
clinical settings, often resulting from unstable
power supplies, communication errors between
sensors, or firmware malfunctions. The Surdial
X features a dual-microcontroller architecture
that isolates life-critical functions from auxiliary
operations, using the CAN bus protocol for real-

time data exchange. Any disruption in signal
transmission triggers an automatic system
shutdown and displays a corresponding fault
code. This design ensures operational continuity
and patient safety by locking the system until the
error is resolved (Rossi et al., 2022). Common
electrical and control faults observed include
those listed in Table 1.

Table 1: Common Electrical and Control Fault
Codes Observed in the Surdial X Hemodialysis
Machine:

[Fault Code Catageey Pastible Cause Corveetive Action

EN0 Power Supply Emoy | Volbge  drop o | Chesk mam  pows

uratable AC pnt lize. replace fuse.

vertdy UPS stabslity

1343 Flew Seamer Erver Monsligraramt o | Cleon and recalibente

choggmg of fie Sow | the flow semor

AT

o | CAN b rslenmuption | Restart iz aytens

Ervar ot finzware snsd mapest meral

sables redoad

fimmware

A. Hydraulic Faults:

Hydraulic faults occur within the fluid
management system, particularly in the blood,
dialysate, and ultrafiltration circuits. The Surdial
X employs a three-pump configuration with
independent feedback-controlled loops. Common
failures include blockages in filters, pressure
imbalances, or contamination of the dialysate.
Preventive measures include routine inspection of
tubing and valves, filter replacement every three
to six months, and regular pressure calibration
(Maduell et al., 2023).

C. Sensory Faults:

Sensor-related issues are among the most
frequent and challenging to diagnose. Since the
Surdial X relies on accurate readings of pressure,
temperature, and conductivity, any drift or
contamination can lead to incorrect measurements
and false alarms. For instance, a cracked
conductivity sensor may trigger erroneous EQ7
alarms due to inaccurate dialysate concentration,
while a defective temperature sensor can cause
heater overheat alarms (E25). Regular calibration
and periodic sensor replacement are essential for
maintaining monitoring accuracy (Smith et al.,
2023).
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D. Alarm and Safety Faults:
The Surdial X includes a sophisticated alarm

system that

automatically  detects

unsafe

conditions such as blood leaks, air bubbles, or

extreme

temperature variations,

and pauses

treatment until corrective action is taken. Each
alarm event is stored in the system’s internal log
for later review. Table 2 lists common alarms and
the corresponding corrective steps observed
during the field study:

Table 2: Common Alarm and Safety Faults

Observed in the Surdial X Hemodialysis

Machine:

| Malfunction ! Alsrm Code | Potential Cause Enitial Troableshosting |
Repalr Action

| Conductroey Alarm (E07)
|

?

Bleod Lenk Alanm (E21)

Incorrect  ciafysate  muxing

ot of fanlty scasor

Dishyzer membeane r\;#ulc or

soptammated Jeak detector

Venfy conceraate

commection.  chesk waler
preaare, resalibrrte or replace
e

Vlnspzc; x'iulr',':c. check lines
tor mir, chean or rephce senser, |
stop pemp and classp blood

linss

| Air Bubbis Detection

| Alarss (E24)

; Heater Ovesheat Alanu (E24)

{ Temperature MasDax Alanu |
[

| (E0S'ECG) ‘

Air emdermng the crent due o

liase connsehons

Fanlty hester or tesperature
semor

Faulty costrol cireust or water
femperate vanation

Check all tubmg, enore flund
levels, uee wir trag system 1o
remove bukbles

Ensure adequate flow, vendy
temperatiee reading. restart o
replace heater dervent }
Venfy temperatize sctting
check heet cheager, contirm

stable water supply

These events demonstrate the machine’s
robust safety logic, which enforces automatic
shutdown under unsafe conditions to minimize
patient risk (Shintaku, 2024).

Fig. 3: Example of alarm/error display screen.

IV. PREVENTIVE MAINTENANCE AND
FAULT REDUCTION

Preventive maintenance is essential for
reducing the frequency of system faults and
extending the operational life of hemodialysis
machines. Regular calibration of pressure and flow
Sensors ensures accurate monitoring, while routine
verification of alarm functions maintains the
reliability of safety systems. Periodic replacement
of filters and tubing prevents contamination and
stabilizes hydraulic performance. Additionally,
timely software and firmware updates resolve
control-related issues and improve overall system
functionality (Rossi et al., 2023Db).

In essence, integrating scheduled maintenance
with automated self-diagnostics and fault logging
strengthens system dependability and patient
safety. These practices form the foundation for
predictive maintenance strategies aimed at
identifying potential failures before they occur (EI-
Hariri et al., 2022).

V. TROUBLESHOOTING AND DIAGNOSTIC
APPROACH

Effective troubleshooting in hemodialysis
systems requires a multidisciplinary approach that
combines engineering diagnostics with clinical
observation to ensure uninterrupted treatment and
patient safety. Based on field observations of the
Surdial X and published guidelines, a systematic
troubleshooting process is essential for resolving
technical or physiological alarms (K/DOQI, 2023;
Sodhi, 2022).

The NIPRO Surdial X includes an integrated
self-test and diagnostic mode that automatically
verifies sensors, valves, pumps, and electrical
circuits before each session. In the event of a
malfunction, the system issues visual and audible
alarms along with a unique error code (E01-E99).
Engineers and clinicians must follow a stepwise
diagnostic process that begins with alarm
interpretation, system isolation, and functional
verification to avoid unnecessary downtime
(NIPRO Corporation, 2024).

Troubleshooting  typically  begins by
distinguishing between machine-related faults (e.g.,
flow obstruction, temperature deviation,
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conductivity errors) and patient-related factors (e.g.,
hypotension, clotting, or vascular access issues).
According to clinical guidelines, the diagnostic
sequence includes the following steps (K/DOQI,
2023):

1. Identify the alarm type and its origin

(pressure, temperature, or conductivity).

2. Assess the patient’s condition before making
hardware adjustments.

3. Inspect all extracorporeal circuit components
for blockages or air.

4. Reset or recalibrate the device if no physical
obstruction is present.

5. Document the event in the maintenance log

for pattern recognition.

Field observations revealed that the most
recurrent alarms in the Surdial X were related to
conductivity (E07), blood leaks (E23), and
temperature deviations (E05/E06). These issues
were effectively resolved using the machine’s built-
in diagnostic guide, highlighting its advanced
design for rapid fault identification.

All alarm data are stored internally, enabling
post-session analysis and predictive fault tracking.
This functionality supports Al-based predictive
maintenance, in which recurring alarms are
analyzed to forecast potential component failures
before they occur. The integration of digital
logging, real-time monitoring, and automated
calibration reflects a shift toward smart self-
diagnostics—a defining trend in modern biomedical
engineering (Shintaku & Mori, 2023).

Yeu

20 patient
tabie™

’ NO ‘

Fig. 4: lllustrates the standard troubleshooting flowchart
used for diagnosing technical and clinical alarms in the
Surdial X hemodialysis machine.

VI. RESULTS AND DISCUSSIONS

A comparative analysis of literature findings
and field data revealed that most operational
interruptions in dialysis systems stem from
procedural errors or delayed responses to alarms
rather than intrinsic hardware failures (Maduell et
al., 2022Db). Case studies have highlighted incidents
such as air embolism due to manual reinfusion
errors, hemolysis caused by unnoticed tubing kinks,
venous needle dislodgement linked to poor alarm
response, and dialysate preparation errors leading to
electrolyte imbalances (Saha et al., 2022). These
findings align with practices observed in the Surdial
X unit, where engineering and nursing teams
collaboratively manage alarm events to differentiate
between technical and operator-related causes. The
machine’s intelligent alarm architecture, supported
by redundant safety loops, minimizes clinical
impact by pausing treatment immediately upon
detecting unsafe conditions (Yamamoto et al.,
2023).

A key finding from both sources is the critical
role of preventive maintenance and continuous
training. Regular sensor calibration, weekly alarm
verification, and adherence to disinfection protocols
significantly reduced recurring alarms. Moreover,
the adoption of standardized troubleshooting
algorithms and root cause analysis improved
diagnostic efficiency and device uptime (Rossi et
al., 2023a).

Ultimately, the Surdial X exemplifies the
evolution of dialysis technology toward greater
reliability, safety, and automation. Its advanced
control system, internal fault memory, and rapid
self-disinfection functions contribute to both patient
protection and workflow efficiency. Integrating Al-
driven diagnostic analytics, as suggested in recent
literature, could further enhance predictive accuracy
and support the next generation of autonomous
dialysis systems (Shintaku, 2024).
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Fig. 5: Comparative chart showing the reduction in fault
frequency across all system categories after implementing
preventive maintenance on the Surdial X hemodialysis

machine.
VII. CONCLUSION

This study analyzed the most common faults
in the NIPRO Surdial X hemodialysis machine
through field observations and technical evaluation.
The findings underscore the importance of
preventive maintenance, automated diagnostics, and
real-time monitoring in ensuring operational
reliability and patient safety. Incorporating
predictive maintenance and Al-based fault detection
is expected to further enhance system performance
and reduce unplanned downtime in future
applications.

ACKNOWLEDGMENT

The authors would like to express their sincere
gratitude to the Faculty of Medical Technology,
Department of Biomedical Engineering, for their
continuous academic guidance and support
throughout this research. Special thanks are also
extended to the biomedical engineers from
collaborating hospitals for their valuable technical
assistance and practical insights during the field
study on the NIPRO Surdial X hemodialysis system.

REFERENCES

e Canaud, M. (2023). Hemodialysis machines
and technology: Evolution and clinical
applications. Blood Purification, 45(1), 20—
28.

e El-Hariri, K., Dabbous, M., & Ahmed, L.
(2022). Predictive maintenance models for
hemodialysis systems based on fault data

analysis. International Journal of Healthcare
Engineering, 12(1), 1-10.
K/DOQI. (2023). Practical troubleshooting in

continuous and intermittent
hemodialysis. Kidney360, 4, e476-e482.

Maduell, R., Arias, J., & Jimenez, M.
(2022a). Impact of equipment-related

downtime in hemodialysis sessions. Clinical
Nephrology Journal, 97(2), 99-107.

Maduell, R., Navarro, S., & Gomez, J.
(2022b). Operational interruptions and
maintenance  optimization in  dialysis
units. Nephrology Research Letters, 19, 54—
62.

Maduell, R., Ferrer, T., & Casanova, G.
(2023). Hydraulic flow stability and
maintenance in dialysis systems. Clinical
Nephrology Journal, 97(3), 130-139.

NIPRO Corporation. (2024). Surdial X
Hemodialysis System Technical Manual.
Tokyo, Japan.

Rossi, F., Bruno, L., & Greco, C. (2023a).
Structured  diagnostic  strategies  for
hemodialysis equipment. Biomedical
Technology Insights, 11(2), 95-104.

Rossi, F., Conti, M., & Romano, E. (2022).
Electrical and control fault analysis in
hemodialysis equipment. IEEE Transactions
on Biomedical Engineering, 69(6), 2204—
2213.

Rossi, F., et al. (2023b). Preventive
maintenance  protocols  for  dialysis
systems. Journal of Clinical Engineering,
48(3), 112-119.

Saha, S., Bansal, R., & Bhatia, M. (2022).
Dialysis-related technical complications:
Case-based analysis. Clinical Nephrology
Supplement, 12(Suppl 1), S34-S42.

Shintaku, H. (2024). Maintenance and safety
of dialysis equipment: Current trends and
future prospects. Artificial Organs Review,
48, 88-95.

Shintaku, H., & Mori, N. (2023). Smart
diagnostic integration in  hemodialysis
systems. Artificial Organs, 47(5), 402-410.
Smith, A., Patel, N., & Singh, R. (2023).
Sensor reliability and error detection in
hemodialysis machines. Biomedical
Engineering Advances, 15(4), 178-190.

© 1QU Press

54

QSJ. App. Sci. 2026, Feb.5 (2):49-55


https://qsj.qiu.edu.ly/index.php
https://qsj.qiu.edu.ly/index.php
https://qsj.qiu.edu.ly/index.php
https://qsj.qiu.edu.ly/index.php

dpalal) Uy 48 Al
Qurina Scientific Journal

TR ISSN: 2959 - 746
OURINA

2026 - daad) - Alaal)
Volume 5 (Issue 2) 2026

e Sodhi, K. (2022). Trouble-shooting in
CRRT. Indian Journal of Critical Care
Medicine, 26(3), 211-218.

e Yamamoto, T., Suzuki, K., & Ito, H. (2023).
Alarm logic and safety architecture in
modern dialysis devices. Journal of Medical
Devices, 17(3), 56-65.

© 1QU Press 55 QSJ. App. Sci. 2026, Feb.5 (2):49-55


https://qsj.qiu.edu.ly/index.php
https://qsj.qiu.edu.ly/index.php
https://qsj.qiu.edu.ly/index.php
https://qsj.qiu.edu.ly/index.php

