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PREFACE

Biomedical engineering plays a crucial role in bridging the gap
between technology and medicine. This eBook, Renal
Equipment Analysis was developed to provide a
comprehensive understanding of renal care technologies,
focusing on the safety, functionality, and performance of
dialysis systems. It highlights the integration of engineering
principles into healthcare practices that directly influence
patient survival and quality of life.

The eBook serves as both a technical reference and a practical
guide, emphasizing key areas such as Hemodialysis, Peritoneal
Dialysis, and the Mobile Reverse Osmosis (RO) Water System. It
underscores the importance of adhering to international
biomedical standards, electrical safety regulations, and
preventive maintenance protocols to ensure reliable equipment
operation and patient protection.

By combining theoretical knowledge with practical insight, this
eBook promotes a culture of safety, responsibility, and
technical excellence within the biomedical engineering field.
Above all, it serves as a reminder that every piece of medical
equipment represents more than just technology it embodies
a commitment to safeguarding human life.
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INTRODUCTION

Dialysis treatment plays a vital role in managing renal failure, a
condition in which the kidneys can no longer effectively remove
waste, excess fluids, and toxins from the body. This eBook presents
a comprehensive analysis of renal equipment used in dialysis
procedures, focusing on their functions, operating principles, safety
precautions, and troubleshooting methods.

Understanding the design and operation of these devices including
the Hemodialysis Unit, Peritoneal Dialysis System, and Mobile
Reverse Osmosis (RO) Water System is essential to ensuring
patient safety, treatment reliability, and clinical efficiency. Each
system contributes uniquely to maintaining physiological balance
and preventing complications during renal therapy.

By examining the roles, procedures, and maintenance of dialysis
equipment, this eBook aims to strengthen understanding of
biomedical instrumentation in renal care and to emphasize the
importance of safety, precision, and continuous improvement
within the field of biomedical engineering technology.
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CHAPTER 1:
INTRODUCTION TO
THE RENAL SYSTEM

This chapter provides the
foundational understanding of the
renal system, focusing on its
structure, function, and vital role in
maintaining the body's internal
balance. Readers will learn how the
kidneys and their associated organs
work together to remove waste,
regulate fluids and electrolytes, and
support essential physiological

processes.




1.1 ANATOMY OF THE RENAL
SYSTEM

The renal system, also known as the urinary system, is a group of
organs responsible for the collection, filtration, storage, and
elimination of urine. Anatomically, this system is composed of four
main organs such as the kidneys, ureters, urinary bladder, and urethra.
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The illustrations above show the major organs of the renal (urinary)
system in both male and female anatomy. Each system consists of the
kidneys, ureters, urinary bladder, and urethra, which work together to
remove waste and maintain fluid balance. The main structural difference
between the two systems is the length and pathway of the urethra which
is longer in males, passing through the prostate gland and penis, and
shorter in females, opening just above the vaginal canal. 9



@ Kidneys

The kidneys are two bean-shaped organs located at the back of the

abdominal cavity on either side of the spine, just below the rib cage. They
lie against the posterior abdominal wall, with the right kidney positioned
slightly lower than the left due to the presence of the liver. Each kidney is
about 10-12 cm long, 5—7 cm wide, and weighs approximately 150 grams in
adults. They are protected by three layers: the renal capsule (a tough
outer covering), a layer of perinephric fat (for cushioning), and the renal
fascia (a connective tissue sheath that anchors the kidney to surrounding
structures).
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Each kidney has two main surfaces a convex lateral surface and a

concave medial surface. The medial surface contains the renal hilum,
a depression through which the renal artery enters, and the renal vein
and ureter exit. Internally, the kidney is divided into three distinct
regions:
* Renal Cortex — the outer region where blood filtration begins.
* Renal Medulla — the inner region that contains renal pyramids,
which transport filtered urine.
* Renal Pelvis — a funnel-shaped cavity that collects urine and
channels it into the ureter.
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@ Ureters

The ureters are two narrow, muscular tubes (about 25—-30 cm long) that

transport urine from the kidneys to the urinary bladder. Each ureter arises
from the renal pelvis, descends behind the peritoneum, and enters the
posterior wall of the bladder at an oblique angle. This oblique entry forms a
natural valve that prevents urine from flowing backward (reflux) from the
bladder into the kidneys. The walls of the ureters are lined with smooth
muscle, allowing peristaltic waves to push urine downward toward the
bladder.
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(3 Urinary Bladder

The urinary bladder is a hollow, muscular, and distensible organ located in
the pelvic cavity, just behind the pubic symphysis. Its primary function is
to store urine temporarily before it is expelled from the body. The
bladder’s wall consists of three layers of smooth muscle collectively called

the detrusor muscle, which contracts during urination to expel urine. The

interior lining of the bladder is made up of transitional epithelium, which
allows it to stretch as it fills with urine.

At the base of the bladder is the trigone, a triangular region defined by
three openings: two for the ureters and one for the urethra. The trigone
remains relatively fixed in position and serves as a funnel to guide urine

into the urethra.
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@ Urethra

The urethra is a thin, muscular tube that carries urine from the bladder to
the outside of the body. The length and structure of the urethra differ
between males and females:

e In females, the urethra is about 4 cm long and opens above the vaginal

opening.

* In males, it is about 18—20 cm long and passes through the prostate

gland, urethral sphincter, and penis before opening at the tip.

The urethra is controlled by two sphincters: the internal urethral sphincter
(involuntary smooth muscle) and the external urethral sphincter (voluntary

skeletal muscle), which together control the release of urine.

A. Female Urethra B. Male Urethra
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1.2 ANATOMY OF THE KIDNEY

Internally, each kidney has a highly organized structure designed to
efficiently filter blood and produce urine. When viewed in a longitudinal
section, three main regions can be identified: the renal cortex, renal
medulla, and renal pelvis.
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Renal Cortex

The renal cortex forms the outer layer of the kidney and appears light in
color with a granular texture. It contains the renal corpuscles and the
convoluted tubules of the nephrons, where the initial stages of filtration
take place. The cortex is also the site of blood entry into the filtration
units, as it houses a dense network of capillaries that connect to the
glomeruli.

Renal Medulla

Beneath the cortex lies the renal medulla, a darker, striated region made
up of 8 to 18 cone-shaped structures called renal pyramids. Each
pyramid consists mainly of straight tubules and collecting ducts that
transport urine toward the center of the kidney. The tip of each
pyramid, known as the renal papilla, opens into a small chamber called a
minor calyx. Several minor calyces join to form a major calyx, and all
major calyces merge into the renal pelvis.

Renal Pelvis

The renal pelvis is a funnel-shaped cavity located at the center of the
kidney. It collects urine from the calyces and directs it into the ureter
for transport to the urinary bladder. The walls of the pelvis are lined with
transitional epithelium, which allows expansion as urine accumulates.
Surrounding this region is a smooth muscle layer that helps propel urine
through gentle peristaltic movements.

16



The Nephron — Functional Unit of the Kidney
Within the cortex and medulla are millions of microscopic structures

called nephrons, the functional units responsible for filtering blood and
forming urine. Each nephron consists of two major components:

e Renal Corpuscle — Located in the cortex, it includes the glomerulus (a
cluster of capillaries) and the Bowman's capsule, which collects the
filtrate that passes out of the blood.

e Renal Tubule — A long tubular structure that continues from the
Bowman's capsule and passes through both the cortex and medulla. It
includes the proximal convoluted tubule, loop of Henle, distal
convoluted tubule, and collecting duct.

The renal corpuscle is responsible for filtration, while the tubule system
modifies the filtrate through reabsorption and secretion, transforming it
into urine. The collecting ducts from many nephrons unite and open at the
renal papillae, allowing urine to flow into the calyces and then the renal

pelvis.
Parts of the Nephron Filtered
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1.3 PHYSIOLOGY OF URINE
FORMATION

The main function of the kidney is to maintain the body’'s
internal balance by removing waste products and regulating
the composition of blood. This process is achieved through
urine formation, which takes place inside the nephrons, the
functional units of the kidneys. Each nephron continuously
filters blood, reabsorbs valuable substances, and excretes
unwanted materials.

Urine formation involves three essential processes: filtration,
reabsorption, and secretion. These occur in different parts of
the nephron and work together to ensure that the body
retains necessary substances while eliminating waste

efficiently.
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1. Filtration

The first step, filtration, takes place in the renal corpuscle within
the renal cortex. Blood enters the glomerulus, a cluster of
capillaries, through the afferent arteriole. Due to high pressure
inside the glomerulus, water and small molecules such as glucose,
amino acids, salts, and urea are forced through the capillary walls
into the Bowman'’s capsule.

This fluid, known as the glomerular filtrate, is similar to blood
plasma but lacks proteins and blood cells, which are too large to
pass through the filtration membrane. Approximately 180 liters of
filtrate are produced daily, though most of it is reabsorbed before
leaving the body.

19



2. Reabsorption

After filtration, the filtrate flows into the renal tubule, where the
process of reabsorption occurs. This is the body’'s way of
reclaiming valuable substances from the filtrate back into the
bloodstream.

* In the proximal convoluted tubule, most of the water, glucose,
amino acids, and ions such as sodium and chloride are
reabsorbed through active and passive transport
mechanisms.

e In the loop of Henle, the descending limb allows water to be
reabsorbed, while the ascending limb is impermeable to water
but reabsorbs salts, helping to concentrate the urine.

e In the distal convoluted tubule and collecting duct, further
reabsorption of water and sodium occurs, controlled by
hormones such as aldosterone and antidiuretic hormone
(ADH).

Through reabsorption, the body prevents dehydration and
conserves essential nutrients, allowing only waste and excess
substances to remain in the filtrate.
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3. Secretion

The final process, secretion, occurs mainly in the distal
convoluted tubule and collecting duct. In this step, the kidney
actively transfers additional waste products from the blood into
the filtrate.

Substances such as hydrogen ions (H*), potassium ions (K*),
creatinine, and certain drugs are secreted into the tubules. This
helps maintain the body’s acid—base balance and remove toxins
that were not filtered out earlier.

Once secretion is complete, the remaining fluid in the collecting
ducts is called urine. The urine then flows from the collecting
ducts into the renal papillae, through the minor and major calyces,
and finally into the renal pelvis. From there, it moves through the
ureter to the urinary bladder for temporary storage before being
excreted.

21



1.4 FUNCTION OF THE

KIDNEYS

The kidneys are among the most vital organs in the human body,
responsible for maintaining a stable internal environment. Their
primary role is to filter the blood, remove waste products, balance
electrolytes, regulate blood pressure, control acid—base
equilibrium, and produce essential hormones.These combined
actions keep the body’'s fluids, salts, and pH within narrow,
healthy limits a condition known as homeostasis. When kidney
function is disrupted, this balance collapses, leading to the
accumulation of toxins and dangerous physiological imbalances.

1. Excretory Function
The most fundamental function of the kidney is excretion, which
involves removing metabolic waste and excess substances from
the bloodstream. Every day, the kidneys filter large volumes of
blood to form urine that contains:

e Urea — from protein breakdown.

e Creatinine — from muscle metabolism.

e Uric acid — from nucleic acid metabolism.

e Ammonia and other nitrogenous wastes.

These toxic substances are excreted through urine to prevent
their buildup in the blood. The kidneys also remove excess water,
salts, and minerals, ensuring that body fluids remain balanced.
Without this filtration system, harmful waste would accumulate
and poison body tissues. 22



2. Regulation of Water and Electrolyte Balance

The kidneys regulate the body’'s fluid volume and electrolyte
composition by adjusting how much water and solutes are
reabsorbed or excreted. This process ensures that essential
minerals like sodium (Na*), potassium (K*), calcium (Ca?*), and
chloride (CI-) stay within normal levels.

When the body is dehydrated, the antidiuretic hormone (ADH)
signals the kidneys to conserve water, producing concentrated
urine. Conversely, when there is excess fluid, ADH secretion
decreases, leading to dilute wurine.This balance prevents
dehydration, swelling (edema), and electrolyte disorders that
could affect nerve, muscle, and heart function.

3. Regulation of Blood Pressure
The kidneys help maintain normal blood pressure through the
renin—angiotensin—aldosterone system (RAAS).
When blood pressure or sodium levels fall, the juxtaglomerular
cells in the nephron release renin, which activates angiotensin II.
This hormone causes:

e Vasoconstriction, which increases blood pressure.

e Aldosterone secretion, which increases sodium and water

reabsorption, expanding blood volume.

This mechanism ensures a stable blood pressure and consistent
oxygen supply to organs. If the kidneys fail to regulate this
system, blood pressure may become dangerously high
(hypertension) or abnormally low (hypotension). 23



. Regulation of Acid—Base Balance
The kidneys maintain the body’s acid—base balance, ensuring that
blood pH remains between 7.35 and 7.45.They regulate acidity by
controlling hydrogen ions (H*) and bicarbonate ions (HCOjs")
levels:
e When the blood is acidic, the kidneys excrete more hydrogen
ions and reabsorb bicarbonate.

e When the blood is alkaline, they retain hydrogen ions and
excrete bicarbonate.

This balance prevents harmful changes that could disrupt enzyme
activity, protein stability, and metabolic functions.

5. Endocrine Functions
The kidneys also act as endocrine glands, producing hormones
that affect other organs and systems:

 Erythropoietin (EPO): Stimulates the bone marrow to produce
red blood cells in response to low oxygen levels.

e Calcitriol (Active Vitamin D): The kidneys convert inactive
vitamin D into calcitriol, which promotes calcium and
phosphate absorption in the intestines, maintaining healthy
bones.

e Renin: Initiates the RAAS mechanism to regulate blood
pressure and sodium levels.

These hormonal functions demonstrate that the kidneys are
closely linked to the cardiovascular, skeletal, and hematologic
systems. 24



6. Metabolic and Supportive Functions
Beyond their regulatory roles, the kidneys participate in several
metabolic processes that support overall body function:

e Gluconeogenesis: During fasting or starvation, the kidneys
help produce glucose from amino acids to maintain blood
sugar levels.

e Ammonia Production: Neutralizes acids in the blood and
assists in maintaining pH stability.

» Detoxification: Many medications and toxins are broken down
or excreted by the kidneys, preventing harmful buildup.

These additional roles highlight the kidneys as active metabolic
organs vital to the body’s survival.

ocan me!




7. Relationship Between Kidney Function and Kidney Failure
Because the kidneys perform so many critical functions, even a
partial loss of their ability can have severe effects on the body.
Kidney failure (renal failure) occurs when the kidneys can no
longer effectively filter the blood or maintain chemical balance.

When the kidneys fail:

e Waste products such as urea and creatinine accumulate in
the bloodstream, leading to uremia (a toxic condition).

e Fluid and electrolyte imbalances cause swelling, dehydration,
muscle weakness, and heart rhythm disturbances.

e Blood pressure becomes unstable due to malfunction of the
RAAS system.

e Acid-base imbalance leads to metabolic acidosis, affecting
respiration and metabolism.

e Erythropoietin deficiency causes anemia, resulting in fatigue
and reduced oxygen transport.

e Calcitriol deficiency weakens bones, leading to osteoporosis
or bone pain.

In advanced stages, these imbalances can be life-threatening.
When the kidneys are unable to perform their functions naturally,
renal replacement therapies such as hemodialysis, peritoneal
dialysis, or kidney transplantation become necessary to remove
waste and maintain homeostasis.

26



CHAPTER 2:
RENAL FAILURE

This chapter provides an overview of
renal failure, a condition that occurs
when the kidneys lose their ability to
filter waste, balance fluids, and regulate
essential body functions. Readers will
learn about the types, causes, and
symptoms of kidney failure, as well as its
impact on overall health. The chapter also
highlights the importance of renal
replacement therapies (RRT) such as
hemodialysis, peritoneal dialysis, and
kidney transplantation, which are used to
sustain life when kidney function
declines.

27




2.1 TYPES OF RENAL FAILURE

Renal failure is generally categorized into two main types:

1. Acute Renal Failure (ARF) / Acute Kidney Injury (AKI)
This occurs suddenly, often within hours or days, usually due to:

e Dehydration or severe blood loss (reduced blood flow to

kidneys).

e Toxic drug effects or infections that damage kidney tissue.

e Urinary tract blockages that prevent normal urine flow.
Symptoms include a sudden drop in urine output, swelling,
confusion, and nausea.

ARF is often reversible if treated early, as kidney tissues can
recover once blood flow and function are restored.

2. Chronic Renal Failure (CRF) / Chronic Kidney Disease (CKD)
Chronic kidney failure develops gradually over months or years. It
results from the progressive loss of nephrons (the kidney's
functional units) and is usually irreversible.
Common causes:
e Diabetes mellitus: High blood sugar damages glomeruli
(diabetic nephropathy).
» Hypertension: High pressure injures small renal arteries.
e Glomerulonephritis: Inflammation of the glomeruli due to
infection or autoimmune disorders.
e Polycystic kidney disease: Genetic cyst formation reduces
filtration surface.
Over time, kidney function falls below 15%, leading to end-stage
renal disease (ESRD) — where dialysis or transplantation becomes
necessary to sustain life. 28



2.2 CAUSES OF RENAL
FAILURE

Renal failure can arise from various conditions that affect kidney
perfusion, filtration, or excretion. These causes are classified as:
e Pre-renal causes: Conditions that reduce blood flow to the
kidneys (e.g., dehydration, shock, heart failure).
* Intra-renal causes: Direct damage to kidney tissue (e.g.,
infections, nephrotoxic drugs, autoimmune diseases).
e Post-renal causes: Obstructions in the urinary tract (e.g.,
kidney stones, prostate enlargement).

Other contributing factors:
* Long-term use of painkillers or certain antibiotics.
» Heavy metal poisoning (lead, mercury).
e Chronic infections or autoimmune disorders (e.g., lupus

nephritis). Low blood
volume

r
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Heart failure
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Meghrotoxic
drugs
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Recognizing the underlying cause is essential for selecting the
appropriate treatment strategy. 29



2.3 SYMPTOMS AND EFFECT OF
RENAL FAILURE

As kidney function declines, waste and fluid accumulate in the
body, leading to:

e Edema: Swelling in the feet, hands, or face due to fluid
retention.
Fatigue and weakness: From anemia and toxin buildup.
Nausea, vomiting, and loss of appetite.
High blood pressure (hypertension).
Shortness of breath: Caused by fluid in the lungs.
ltchy skin, confusion, and muscle cramps: Due to toxin
accumulation and electrolyte imbalance.

=

Dry and itchy Tiredness or Bubbly or Swelling of hands,
skin. weakness. foamy pee. feet, ankles.

R P

Trouble Loss of

Puffy sleeping. appetite. Muscle
eyes. cramps.

If untreated, these symptoms worsen and may lead to uremic
coma, heart failure, or death.
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2.4 DIAGNOSIS OF
RENAL FAILURE

Doctors diagnose renal failure through a combination of
laboratory and imaging tests, including:
e Blood tests:
o Serum creatinine and blood urea nitrogen (BUN) levels
indicate filtration efficiency.
o Estimated Glomerular Filtration Rate (eGFR) measures
overall kidney function.
e Urine tests:
o Detect protein, blood, or abnormal substances in urine.
e Ultrasound or CT scan:
o |dentify kidney size, blockages, or structural abnormalities.
e Biopsy:
o Examines kidney tissue under a microscope to determine
the cause of damage.

Accurate diagnosis allows the development of a targeted
treatment plan based on disease stage and severity.

31



2.5 TREATMENT PLAN
FOR RENAL FAILURE

The treatment of renal failure depends on its type and stage. The
main goals are to:

e Control underlying causes.

* Manage symptoms.

e Replace kidney function when necessary.

A. Medical Management

e Lifestyle and diet: Low-salt, low-protein diet, adequate

hydration, and blood sugar control.

e Medications:
Diuretics to reduce fluid buildup.
Antihypertensives to manage blood pressure.
Erythropoietin to treat anemia.
Phosphate binders and vitamin D supplements to protect
bone health.

(@)
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B. Renal Replacement Therapy (RRT)
When the kidneys can no longer function adequately, RRT
becomes essential. The main forms are:
Hemodialysis:
e Blood is filtered through a machine using a dialyzer to remove
toxins and excess fluid.
Peritoneal Dialysis:
e The peritoneal membrane acts as a natural filter inside the
abdomen.
Kidney Transplantation:
e A healthy donor kidney replaces the failed organ, offering a
long-term solution.

The choice of therapy depends on medical condition, age,
lifestyle, and access to medical facilities. 32



CHAPTER 3 :
DIALYSIS TREATMENTS
AND IT'S EQUIPMENT

This chapter provides an overview of
dialysis, a treatment that replaces the
kidney’s function in removing waste and
maintaining fluid balance. Readers will
learn about the two main types of
dialysis such as hemodialysis and
peritoneal dialysis along with their basic
principles, procedures, and essential
equipment. The chapter also explains
how these systems work together to
safely and effectively perform blood
purification  when  kidney  function
declines.

33




3.1 OVERVIEW OF DIALYSIS

The word dialysis originates from the Greek dia (through) and
lysis (loosening or separation), referring to the separation of
waste materials from the blood through a semi-permeable
membrane.

Dialysis is necessary when kidney function falls below 10-15% of
normal capacity. The process replaces the key functions of the
kidney:

* Filtering waste products (urea, creatinine, uric acid).

 Balancing electrolytes (sodium, potassium, calcium).

e Controlling fluid volume.

* Regulating acid-base balance.

Although dialysis cannot fully replace the hormone and metabolic
roles of the kidneys, it maintains life by performing their essential
excretory functions.




3.2 DIALYSIS EQUIPMENT
OVERVIEW

®» Hemodialysis Unit

Removes waste, excess fluids,
and toxins from the blood in
patients with kidney failure by
filtering blood through an
artificial kidney (dialyzer).

Peritoneal Dialysis (©

Uses the peritoneal membrane
inside the abdomen as a filter to
remove waste, electrolytes, and
- . fluids from the blood using a
= dialysis solution.

® Mobile RO Water
System

Provides purified water for
dialysis treatment by removing
contaminants such as bacteria,
chlorine, and heavy metals to
ensure safe dialysis fluid.
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3.3 HEMODIALYSIS

Hemodialysis is a renal replacement therapy used when the
kidneys can no longer remove metabolic waste, balance
electrolytes, or control fluid levels. In healthy kidneys, blood is
filtered through nephrons to remove urea, creatinine, excess
potassium, and acids, keeping the body in homeostasis. When
kidney failure occurs, these substances accumulate and lead to
complications such as uremia, hyperkalemia, pulmonary edema,
and metabolic acidosis. Hemodialysis prevents these effects by
circulating the patient’s blood through a dialyzer (artificial
kidney), where waste and excess fluid are removed before the
blood is returned to the body.

The process is based on three main scientific principles:
e Diffusion—-movement of waste molecules from blood into
dialysate
e Osmosis—balancing of water movement across the membrane
e Ultrafiltration—-removal of excess fluid using pressure
difference

Inside the dialyzer, blood flows through thousands of hollow fibers
while dialysate flows in the opposite direction (counter-current
flow), which increases the efficiency of toxin removal. The semi-
permeable membrane allows small molecules such as urea,
creatinine, and potassium to pass through, while larger molecules
like proteins and blood cells remain in the bloodstream.
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Dialysate is a key part of this process. It is a specially prepared
fluid made from purified water mixed with electrolytes (sodium,
calcium, and controlled potassium) and bicarbonate to correct
acidosis. Because it contains no waste, it creates a concentration
gradient that naturally pulls toxins out of the blood. To ensure
patient safety, dialysate is produced using reverse osmosis (RO)
water purification to remove bacteria, chemicals, and endotoxins.

Blood can only be filtered through the machine if proper vascular
access is available. There are three main types used in

Access Type Main Use Key Features
AV Fistula Long-term access ngest infection
risk, best blood
AV Graft When fls‘Fula not Uses synthetic
possible tube, can be used
Central Venous | Emergency/short- Can be used
Catheter term immediately, but

Autogenous arteriovenous fistula (AVF) Nonautogenous arteriovenous graft (AVG) Central venous catheter (CVC)

An anastomosis is made between an artery A prosthetic tube is connected on one ACVCis inserted in the neck.with & 2
and a vein. The matured vein is cannulated end to an artery and on the other end the tip of the catheter placed,in
for hemodialysis. to a vein. The prosthetic tube is the middle of the right atrium.

cannulated for hemodialysis. The catheter is used for hemodialysis

Blood flow to and
from hemodialysis
machine

A\ g ; /4/ /
8- to 10-clmf/

cannulation zone




Hemodialysis is most commonly performed three times per week
for 3—5 hours per session, but may also be used in emergency
situations such as life-threatening hyperkalemia or severe fluid
overload. It may take place in a hospital dialysis unit, a private
dialysis centre, or at home for trained patients.The procedure
involves a multidisciplinary team:
* Nephrologist—prescribes treatment settings (blood flow,
duration, fluid removal)
e Dialysis nurse or medical assistant —performs vascular access
and monitors the patient
e Biomedical engineer/technician—maintains the dialysis
machine and water treatment system

These exchanges restore the body’'s chemical and fluid balance,
helping maintain normal pH, blood pressure, and electrolyte
concentration in patients with kidney failure.

¢ Listen
Actively

38



Patients undergoing hemodialysis are often placed in a High Dependency

Unit (HDU) for close monitoring. The medical team observes:

-

BLOOD PRESSURE SYSTOLIC mm Hg DIASTOLIC mm Hg
> B I o o d P r e s s u r e CATEGORY (upper number) (lower number)

Levels

-Hypotension (low BP): Managed by
reducing  fluid
administering IV fluids.

-Hypertension (high BP): Controlled
through fluid
management, and medication.

removal and

restriction, sodium

NORMAL
ELEVATED 120-129 and
HIGH BLOOD PRESSURE
(HYPERTENSION) 130-139 or

HIGH BLOOD PRESSURE
[HYPERTENSION)
STAGE 2

HYPERTENSIVE CRISIS
(consult your doctor
Immediately)

140 OR HIGHER n

HIGHER THAN 180 | and/or | HIGHER THAN 120

LESS THAN 120  and LESS THAN 80

LESS THAN B0

90 OR HIGHER

7

» Fluid balance in
the body

* Fluid overload: Causes swelling,
shortness of breath, and high BP.

¢ Dehydration: Leads to dizziness,
cramps, and low BP.

* Solution: Daily weight monitoring,

fluid

adjusting dialysis settings.

controlled intake, and

WATER IN

IMPACT OF DEHYDRATION

InGreased srain on Pwart
Headacha ! raussa

Faligusd inshity 1o contrate

FLUID BALANCE

WATER OUT

» Electrolyte
balance

e Potassium, sodium, calcium,
phosphate, and bicarbonate are
monitored.

* Imbalances can cause heart issues,
muscle weakness, or confusion.

* Managed through dietary control,

Sodium

Chlorine
@ Magnesium {

Potassium

=)
)

THE MAIN ELECTROLYTES IN BODY FLUID

Balance
Fluids in Your Body

Maintain Your
Blood's Proper pH

Carry Electrical
Signals from
Nerves to Muscles

medications, and dialysis adjustments.
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3.3.1 HEMODIALYSIS UNIT

A hemodialysis unit functions as a complete closed-loop system,
where blood from the patient is circulated outside the body,
filtered through the dialyzer, balanced by dialysate solution, and
then safely returned. The process depends on several connected
components: the blood tubing circuit, the dialyzer, the
hemodialysis machine, the dialysate delivery system, the
ultrafiltration system, and the reverse osmosis (RO) water
treatment system. Each part plays a specific role, but all must
work together for dialysis to be effective and safe.

W )/
Fresh o)
dialysate —
== Saline
Screen BT T | | .
- : IV pole
Arteral !.E‘\_ 1\
pressure | il | -
monitor B —— A
" OB : | -
Blood : Dialyzer
pump N
Air trap
Bicarbonate
bag
Artenal .
Blood —, / _
) — Bicarbonate
Acid - 4 port
Concentrate Acid
- pOrt
AT .’F : { Used P
EeE R A \  dialysate e
L= = Cleveland
ﬂ ﬁ Clinic
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1. Vascular Access (Entry and Exit Point for Blood)
The access site allows blood to leave and return to the body
during dialysis.
e AV Fistula — preferred long-term access; strong blood flow,
lowest infection risk
* AV Graft — synthetic tube used if veins are weak; faster use
but higher clot risk
e Central Venous Catheter — temporary/emergency access
placed in a large vein

Function: Provides a high-flow, repeatable connection between
the patient and the dialysis blood circuit.
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2. Blood Tubing Set (Extracorporeal Blood Circuit)
A sterile disposable tubing system that carries blood from the
patient = through the machine — back to the body.
e Arterial line (red) — blood flows from patient to machine
e Venous line (blue) — filtered blood returns to patient
e Drip chambers — trap air bubbles and allow visual monitoring
e Transducer protectors — protect machine pressure sensors
from blood contamination
e Heparin line — delivers anticoagulant to prevent clotting
during circulation

Function: Forms the pathway for external blood circulation during
hemodialysis.

3. Hemodialysis Machine (Control, Monitoring, & Safety Unit)
The machine controls and monitors blood flow, dialysate flow,
pressures, temperature, ultrafiltration, and alarms.
Key internal parts:
e Blood pump — moves blood through tubing at set rate (250-
400 mL/min)
e Heparin pump — prevents clotting in dialysis lines
e Pressure sensors — detect blockages, needle dislodgement, or
clot formation
e Air bubble detector — stops pump if air enters venous line
(prevents embolism)
e Blood leak detector — senses RBCs in dialysate (membrane
rupture alert)
e Conductivity & temperature sensors — ensure dialysate is
safe for blood contact

Function: Acts as the “brain” of the system, regulating treatment
and protecting the patient. 42



4. Dialyzer (Artificial Kidney)
A cartridge filled with thousands of semi-
permeable hollow fibers.
e Blood flows inside the fibers
e Dialysate flows outside the fibers in
opposite direction (counter-current

T T TR R =

flow)
Function:
e Removes waste (via diffusion) :
e Removes excess water (via .
ultrafiltration pressure) o r =
.‘_

e Keeps large molecules (proteins,
RBCs) inside bloodstream

5. Dialysate Delivery System
Prepares and delivers the dialysate fluid used for toxin removal
and electrolyte balancing.

Dialysate = RO water + acid concentrate (electrolytes) +
bicarbonate (buffer)
Machine constantly checks:

e Conductivity = proper electrolyte level

e Temperature (~37°C) = prevents hemolysis

e Flow rate — affects clearance efficiency

Function: Creates the chemical environment that “pulls” waste
out of the blood.

6. Ultrafiltration (UF) Control System
Controls fluid removal by adjusting pressure across the dialyzer
membrane (transmembrane pressure — TMP).
e UF target is based on how much excess fluid the patient
needs removed
* Removes water without removing blood cells or proteins

Function: Controls how much fluid is taken off during treatment.
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7. Reverse Osmosis (RO) Water Treatment System

Purifies tap water into ultrapure medical-grade water used to
make dialysate.Removes bacteria, endotoxins, chlorine, minerals,
and heavy metals.

Sediment filter = carbon filter & softener & RO membrane — UV disinfection

Function: Ensures dialysate water is safe so contaminants do NOT
enter the bloodstream.

DX

Reverse osmosis

i

(]
L]
™
"
component [ ]
.
(] s
] "
. .
Sand [ ] ] '
P Resin Charcoal : = Dialysis
tank - I : : machine
. High pressure B
: : Dialysis
pump =
@ ' Security filter s P
Booster pump : =
1 .
¢ Connect the system to a water
@ Setup
e Turn on the purification unit.
5 5 e The system removes contaminants
@ Filtration © sy .
using reverse osmosis.
Process o Test the purified water quality.

. e Supply the purified water to dialysis
® Completion machines.

e Shut down and clean the system after

use. 44



3.3.2 FLOW OF HEMODIALYSIS

Hemodialysis is a c

losed-loop system where blood, dialysate, and

purified water all move through different circuits, but interact at

the dialyzer. The c
through the equip

omplete flow begins with the patient, passes
ment in sequence, and ends when blood is

returned safely back to the body.

Blood In
—

— =
Blogd Oul

Biood Cut

||

Arterial Prasesure
Monitor

Venous Pressure
Monitor
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Dualyze
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Dialysate Circuit
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Heparin
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@ Patient Preparation & Machine Priming

Patient identity, weight, blood pressure, and temperature are checked.
Vascular access (fistula, graft, or catheter) is assessed for patency and
infection.

The hemodialysis machine, dialyzer, and blood tubing are primed with normal
saline to remove air and sterilant.

All sensors and alarms (pressure, air detector, temperature, conductivity) are
verified before connection.

@ Patient Preparation & Machine Priming

Needles are inserted into the access (or catheter lines connected) and
attached to the arterial and venous tubing.

The blood pump pulls blood from the patient into the extracorporeal circuit.
Blood passes through drip chamber, pressure sensor, and heparin line before
entering the dialyzer.

Heparin may be infused to prevent clotting inside the circuit.

Filtration in Dialyzer + Dialysate & RO System
Working Together

» Blood flows inside hollow fibers of the dialyzer while dialysate flows on the

outside in opposite direction (counter-current flow).

Diffusion removes urea, creatinine, potassium, and other toxins; ultrafiltration
removes excess water by pressure control.

Dialysate is continuously produced from RO-purified water + acid
concentrate + bicarbonate buffer, monitored for temperature and
conductivity.

Used dialysate drains away; cleaned blood exits dialyzer, passes safety
sensors (air detector, venous pressure monitor), and returns to patient.

Rinse-Back, Disconnection & Post-Dialysis
Checks

» At the end of treatment, the system is flushed with saline to return remaining

blood in the tubing back to the patient (rinse-back).

e Blood pump is stopped, lines disconnected, needles removed and access

site secured.

» Post-dialysis vitals and weight are recorded to confirm how much fluid was

removed.

e Tubing and dialyzer are discarded and the machine is disinfected for the next

patient. 40



3.4 PERITONEAL DIALYSIS

Peritoneal dialysis (PD) is a renal replacement therapy that uses
the patient’s peritoneal membrane inside the abdomen as a
natural filter to remove waste and excess fluid when the kidneys
fail. Instead of circulating blood outside the body through a
machine, PD works inside the body. A sterile dialysis solution
called dialysate is infused into the peritoneal cavity through a
surgically placed catheter. While the fluid remains in the
abdomen (dwell phase), waste products, electrolytes, and water
move from the blood into the dialysate by diffusion and osmosis.
After several hours, the fluid is drained and replaced with fresh
dialysate in repeated cycles.

PD is a continuous and gentler form of dialysis, making it suitable
for patients who want home-based therapy, have poor vascular
access, are prone to low blood pressure on hemodialysis, or
prefer a more flexible lifestyle. It also preserves residual kidney
function better than hemodialysis and does not require needles
or a blood pump.

There are two main forms of peritoneal dialysis:
e CAPD (Continuous Ambulatory Peritoneal Dialysis): manual
exchanges done 3-5 times per day.
« APD (Automated Peritoneal Dialysis): exchanges done
automatically by a machine (cycler), usually overnight.

Although PD offers advantages such as independence, fewer
dietary restrictions, and steady fluid balance, it also has risks,
including peritonitis (abdominal infection), catheter
complications, hernias, and glucose absorption from dialysate,
which may affect body weight and metabolism. The success of
PD depends on proper patient training, hygiene, and consistency
with exchanges.
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3.4.1 PERITONEAL DIALYSIS
UNIT

A peritoneal dialysis setup is simpler than a hemodialysis unit
because blood does not leave the body. The main equipment
includes:

ormation display
Dialysis solution

Solution warmer

e Peritoneal dialysis catheter — a flexible tube surgically placed
in the lower abdomen for dialysate inflow and drainage.

e Dialysate bag - sterile solution containing glucose,
electrolytes, and buffer (lactate or bicarbonate).

e Transfer set and tubing — connects the dialysate bag to the
catheter and to the drainage bag.

e Drainage bag — collects used dialysate containing waste and
excess fluid.

e Cycler machine (used in APD) — controls fill, dwell, and drain
cycles automatically.

e Dialysate warmer — heats the solution to body temperature
before infusion to prevent discomfort.

The peritoneal membrane acts as a natural semi-permeable
membrane, allowing diffusion of urea, creatinine, and electrolytes
into the dialysate, and removal of water by osmosis driven by the
glucose concentration inside the solution.
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3.4.2 FLOW OF PERITONEAL
DIALYSIS

Peritoneal dialysis removes waste and excess fluid from the body
through a series of repeated exchanges that take place inside the

abdomen

rather than through an external

machine. Each

exchange follows a cycle where sterile dialysate is infused into
the peritoneal cavity, left inside the body to absorb toxins and
water, and then drained out. The process can be performed
manually throughout the day (CAPD) or automatically by a cycler
machine at night (APD), but the basic flow remains the same.

Dia'ysate bag

Dialysate bog

In peritoneal dialysis, the number of cycles per day depends on
the type of PD and the patient’s prescription, but the general

clinical standard is:

Type of PD

Typical Number of
Exchanges

When It Happens

CAPD (Continuous
Ambulatory

3-5 manual
exchanges per day

Done during
daytime, each

APD (Automated

Peritoneal Dialysis

4-6 cycles
overnight while

Machine-
controlled during
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@ Patient Preparation and Infection Control

» Patient washes hands, wears a mask, and prepares a clean workspace.

« PD catheter exit site is checked, cleaned, and covered using aseptic
technique.

« Dialysate bag is inspected (clarity, expiry, correct glucose concentration,
temperature).

» Required supplies are set up: dialysate bag, tubing set, drain bag, clamps.

Connection and Dialysate Infusion (Fill Phase)

» Catheter is connected to the tubing using sterile technique.
o Air is removed from the ling, then fresh dialysate flows into the peritoneal
cavity.

o Usual fill volume: 1.5-2.5 L depending on prescription and patient size.

Dwell Phase (Exchange Inside the Body)

« Dialysate remains in the abdomen while diffusion removes urea, creatinine,
potassium, and osmosis removes excess water from the bloodstream.

« Patient is free to continue normal activities (CAPD) or sleep during
automated cycling (APD).

« Dwell time varies from a few hours to overnight depending on modality.

Drain Phase and End of Exchange

» Used dialysate drains out into a waste bag by gravity or cycler pump.
e Drain volume is compared with fill volume to check fluid removal.
e Fluid must be clear; cloudy effluent may indicate peritonitis.

« Patient either begins the next exchange (CAPD) or disconnects for the day
(APD).
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CHAPTER 4 :
SYMPTOMS OF DIALYSIS
FAILURE

Dialysis  failure occurs when the
treatment is unable to adequately
remove waste products, toxins, or excess
fluid from the body, or when
complications arise due to equipment
problems, infection, or patient-related
factors. When dialysis is not functioning
effectively, patients may develop early
warning signs that indicate insufficient
clearance, fluid imbalance, or metabolic
instability. Recognizing these symptoms
early is Iimportant to prevent life-
threatening complications such as severe
electrolyte imbalance, pulmonary edema,
or uremic crisis.
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Common symptoms of dialysis failure may include:

& Extreme fatigue

The body may feel very weak and tired
because waste products remain in the
bloodstream.

This can lead to lack of energy and
difficulty performing daily activities.

'/

& Low blood pressure

Inadequate fluid removal can lead to
circulatory problems and low blood
pressure.

Symptoms include dizziness, fainting, and
blurred vision.

& Swelling in the hands
and feet

If dialysis does not remove enough
excess fluid, swelling in the legs, ankles, feet,
and hands can occur.

M Nausea and vomiting

A buildup of toxins in the blood (uremia)
can cause nausea, vomiting, and a loss of
appetite.

This can lead to weight loss and
malnutrition.
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!\ Shortness of breath

Occurs when dialysis fails to remove
excess fluid.
Fluid builds up in the lungs — difficulty
breathing, chest tightness, coughing.
This is a medical emergency and may
require  immediate  hemodialysis  or
hospitalization.

A
)

& Hyperkalemia

When dialysis does not clear potassium
properly, it increases in the blood.
Symptoms include muscle weakness,
numbness, heart rhythm problems, or
sudden cardiac arrest.
This is one of the most dangerous signs of
dialysis failure.

P HAVE FLATTENING
PR PROLONGED
(RS WIDENED
TENTED T HAVES

M Confusion (Uremic
Encephalopathy)

Caused by toxin buildup in the brain
when dialysis clearance is inadequate.

Can progress from mild confusion —
agitation — seizures or coma if untreated.

e

e

Yo
)
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o

/& High blood pressure

Caused by fluid overload and sodium
retention.
May lead to headaches, blurred vision, or
stroke if uncontrolled.
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CHAPTER 5:
DIALYSIS EQUIPMENT
SAFETY PRECAUTIONS

Dialysis equipment must be operated
with strict safety measures because it
involves direct blood circulation, sterile
medical devices, and large volumes of
purified water and dialysate. Any error in
handling, monitoring, or sanitation can
lead to serious complications such as
infection, hemolysis, air embolism,
electrolyte imbalance, or chemical
contamination. This chapter outlines the
essential safety precautions for three
major components of dialysis treatment:
the hemodialysis unit, the peritoneal
dialysis system, and the reverse osmosis
(RO) water purification system.
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» Hemodialysis
Unit

To avoid infection, make sure
everything is sterile. Regularly check
the patient's vital signs.Examine the
blood circuit for indications of
clotting.To avoid low blood pressure,

avoid removing fluids too quickly.

» Peritoneal
Dialysis

Maintain strict hygiene to prevent
peritonitis (infection). Use the
correct concentration of dialysis
solution. Monitor for abdominal

pain, cloudy drainage, or fever.

» Mobile RO
Water
System

Regularly test water quality for
contaminants.  Ensure  proper
maintenance to prevent filter
blockages. Follow electrical safety

measures to avoid hazards.
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5.1 SAFETY PRECAUTIONS FOR
HEMODIALYSIS EQUIPMENT

Machine and Circuit Safety

e Ensure the dialysis machine passes self-check and alarm
verification before use.

e Prime the dialyzer and bloodlines with normal saline to
remove air and chemical residues.

e Confirm all safety sensors are functioning: arterial/venous
pressure, air bubble detector, blood leak detector,
temperature, and conductivity.

» Never bypass alarms — they indicate life-threatening risk (air
entry, clotting, pressure drop, contaminated dialysate).

Patient and Access Safety

e Inspect vascular access (fistula, graft, or catheter) for
infection, swelling, or poor blood flow before cannulation.

e Use strict aseptic technique while inserting needles or
accessing catheter.

e Monitor patient vitals and symptoms throughout treatment
(BP, heart rate, dizziness, cramps, nausea).

e Ensure heparin infusion is correct to prevent clotting inside
the extracorporeal circuit.

Infection Control
* Use single-use sterile dialyzer and blood tubing; discard after
treatment.
e Disinfect machine surfaces, chair, and accessories between
patients.
 Wear gloves, mask, and follow hand hygiene protocol during
setup and disconnection.

End-of-Treatment Safety
e Perform saline rinse-back to return remaining blood in the
circuit to the patient.
e Remove needles carefully and apply pressure dressing to the
access site.
 Disinfect machine (heat or chemical) and dispose of all
blood-contaminated supplies in biohazard waste. 5E
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5.2 SAFETY PRECAUTIONS FOR
PERITONEAL DIALYSIS EQUIPMENT

Aseptic Handling
e Patient must perform handwashing and use a mask before
touching catheter or tubing.
e PD catheter exit site must be cleaned daily and inspected for
redness, leakage, or infection.
e All dialysate connections and disconnections must be done
using sterile, closed technique to prevent peritonitis.

Dialysate Safety
e Dialysate bags must be checked for cloudiness, expiry date,
correct glucose concentration, and packaging integrity.
e Warm dialysate using approved warmer only — never
microwave or heat in boiling water.
e Ensure correct fill volume, dwell time, and drain sequence are
followed (especially in automated PD).
Cycler and Manual Exchange Safety
e For APD, verify programmed settings (cycle number, fill
volume, dwell time).
e For CAPD, ensure gravity drainage bag is placed below
abdomen and fresh dialysate bag above abdomen.
e |f drain effluent appears cloudy or bloody, treatment must be
stopped and medical review requested immediately (possible
peritonitis or bleeding).

Catheter Protection
e Avoid pulling, bending, or contaminating the catheter.
» Keep exit site dry and covered with sterile dressing.
e Report signs of infection early: fever, abdominal pain, cloudy
effluent.
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5.3 SAFETY PRECAUTIONS FOR RO
WATER SYSTEM

Water Quality Monitoring

e RO water used in dialysis must meet AAMI/ISO standards for
bacterial count, endotoxins, chlorine, hardness, and
conductivity.

e Water must be tested before every dialysis shift for
chlorine/chloramine to prevent hemolysis.

e Regular documentation of conductivity, temperature, and
pressure must be recorded.

System Maintenance
e Pre-filters, carbon filters, and RO membrane must be replaced
according to schedule.
e RO piping, storage tanks, and distribution loop must be
disinfected regularly (heat or chemical sanitization).
e Any abnormal reading or failed water test requires immediate
shutdown of supply to dialysis machines.

Risk of Unsafe Water
e Contaminated water can cause fever, sepsis, hemolysis,
neurological toxicity, bone disease, or death.
e Common contaminants of concern: chlorine, aluminum,
nitrate, calcium, magnesium, endotoxins, bacteria.
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CHAPTER 6 :
COMMON PROBLEMS AND
TROUBLESHOOTING IN
DIALYSIS SYSTEMS

Dialysis  systems involve  multiple
components operating together, and any
failure in equipment, water quality, or
patient  connection can interrupt
treatment or create clinical risks. This
chapter focuses on the most common
problems encountered in hemodialysis,
peritoneal dialysis, and the reverse
osmosis (RO) water purification system,
along with basic troubleshooting steps
used in clinical practice. The aim is to
help identify warning signs early, prevent
treatment failure, and ensure safe
continuation of therapy.
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6.1 COMMON PROBLEMS AND
TROUBLESHOOTING IN
HEMODIALYSIS

Hemodialysis treatment may be interrupted by machine alarms,
blood circuit issues, vascular access problems, or patient
complications. Early recognition of these issues helps prevent
ineffective dialysis, blood loss, or medical emergencies. The most
common problems and their basic troubleshooting steps are
listed below.

1. Arterial or Venous Pressure Alarm
Possible Causes:
* Needle dislodged or incorrectly positioned
e Bloodline kinked or clamped
e Clot formation in dialyzer or tubing
e Poor blood flow from access (stenosis, infiltration)

Troubleshooting:
e Check tubing for kinks or closed clamps
e Reposition needles or adjust patient arm
e Flush lines with saline if clotting suspected
» Assess access site for swelling, pain, or no “thrill” (possible
access failure)

2. Air Bubble Detector Alarm

Possible Causes:
e Air in bloodline from loose connection or empty saline bag
e Poor priming before treatment
e Leak in venous line or dialyzer

Troubleshooting:

Stop blood pump immediately (to prevent air embolism)
Inspect and tighten all tubing connections

Reprime lines with saline if needed

Do not resume treatment until air is fully cleared
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3. Blood Leak Detector Alarm

Possible Causes:
e Ruptured dialyzer membrane
e Excessive pressure across membrane
e Manufacturing defect

Troubleshooting:
e Stop treatment and clamp lines
e Replace dialyzer and tubing set
e Monitor patient for signs of hemolysis (tea-colored urine,
chest pain, headache)

4. Dialysate Temperature or Conductivity Alarm
Possible Causes:

* Incorrect dialysate mixing

e RO water supply issue

e Machine calibration error

Troubleshooting:
e Stop dialysis — unsafe dialysate can cause hemolysis
e Check conductivity range (13-15 mS/cm) and temperature
(36-38°C)
* Restart dialysate system or call technician if readings remain
abnormal

5. Clotting in Dialyzer or Bloodlines
Possible Causes:
e |nadequate heparin dose
e Slow blood flow rate
e Delayed treatment start after priming
e Air exposure in circuit

Troubleshooting:
* |Increase saline flush or adjust heparin if prescribed
» Verify blood flow rate > 250 mL/min
* Replace tubing and dialyzer if clotting is visible
» Ensure no air entered circuit during setup
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6. Patient Hypotension (Low Blood Pressure)
Possible Causes:
 Excess fluid removal (ultrafiltration too high)
» Rapid blood volume change
e Patient dehydrated or skipped meals

Troubleshooting:
e Stop ultrafiltration temporarily
e Lower blood pump speed
e Give saline bolus if necessary
e Reassess target fluid removal (dry weight)

7. Muscle Cramps or Headache
Possible Causes:
e Too much fluid removed too quickly
e Low sodium or calcium level
e Dialysate composition errors

Troubleshooting:
e Reduce ultrafiltration rate
e Give small saline bolus if needed
e Check dialysate sodium concentration

8. Vascular Access Problems

Possible Causes:
» Poor fistula flow, stenosis, infiltration, clotting
e Needle dislodgement
* Infection or swelling

Troubleshooting:
e Check for “thrill” and bruit
» Reposition needles or stop treatment if bleeding occurs
* Report access issues for vascular surgeon referral




6.2 COMMON PROBLEMS AND
TROUBLESHOOTING IN PERITONEAL
DIALYSIS

Peritoneal dialysis problems are most often related to dialysate
flow issues, infection, catheter malfunction, or patient technique
errors. Because PD is performed outside of a hospital setting,
early recognition of abnormal dialysate drainage, pain, or catheter
changes is critical to prevent major complications such as
peritonitis or ultrafiltration failure.

1. Cloudy Drain Effluent

Possible Causes:
e Peritonitis (infection inside peritoneal cavity)
e Contamination during connection or disconnection
e Exit-site or tunnel infection

Troubleshooting:
e Stop dialysis and send effluent sample for culture
e Start antibiotics as prescribed
e Reinforce aseptic technique and hand hygiene

2. Poor Drainage or Slow Outflow

Possible Causes:
e Kinked or clamped tubing
e Constipation or full bladder pressing on catheter
e Catheter migration or blockage by fibrin

Troubleshooting:
e Check and straighten tubing, open all clamps
» Ask patient to change position (sit, stand, turn side to side)
e Treat constipation; flush catheter if ordered




3. Abdominal Pain or Cramping During Fill
Possible Causes:

e Cold dialysate solution

e Rapid fill rate or excessive fill volume

e Air in the tubing

Troubleshooting:
e Warm dialysate to body temperature
e Slow the inflow rate
e Reduce fill volume if prescribed and check for air in tubing

4. Dialysate Leakage Around Catheter Site

Possible Causes:
e Fresh catheter not fully healed
e Excessive fill volume or high intra-abdominal pressure
e Coughing, straining, or lifting heavy objects

Troubleshooting:
e Reduce fill volume temporarily
e Avoid heavy activity or bending
» Ensure dressing is dry and secure

5. Blood in Dialysate Effluent

Possible Causes:
e Recent catheter insertion
e Menstrual contamination (female patient)
¢ Peritonitis or abdominal trauma

Troubleshooting:
e Monitor if mild and short-term
e Report to physician if persistent or heavy bleeding
e Evaluate for infection or catheter injury




6. Exit-Site Redness, Pain, or Discharge
Possible Causes:

e Exit-site or tunnel infection

* Poor hygiene or improper dressing technique

Troubleshooting:

e Clean site daily with antiseptic and apply sterile dressing

e Start topical or oral antibiotics as ordered
» Avoid pulling or twisting the catheter

7. Cycler (APD) Machine Alarms

Possible Causes:
» Kinked tubing, line occlusion, or trapped air
e |ncorrect setup or connection error
e High pressure during fill or drain

Troubleshooting:
e Check clamps and lines for obstruction
e Re-prime set if air is detected
* Restart the cycle once the problem is corrected

8. Low Ultrafiltration (Poor Fluid Removal)
Possible Causes:
e Low glucose dialysate concentration
e Short dwell time or frequent exchanges
 Peritoneal membrane failure (low transport rate)

Troubleshooting:
e Use higher glucose concentration if prescribed
e Extend dwell time for better fluid removal
e Perform PET (Peritoneal Equilibration Test) to
membrane function

asSess




6.3 COMMON PROBLEMS AND
TROUBLESHOOTING IN RO WATER
SYSTEM

The reverse osmosis (RO) water system is essential in dialysis
because it supplies purified water used to make dialysate and
rinse the blood circuit. Any failure in this system can lead to
chemical, bacterial, or endotoxin contamination, making strict
monitoring and fast troubleshooting necessary to ensure patient
safety.

1. High Conductivity (Water Not Pure Enough)
Possible Causes:

* RO membrane failure or scaling

 Filter cartridges clogged or expired

* Incorrect mixing or bypass of RO system

Troubleshooting:

Stop water supply to dialysis machines immediately

Check and replace pre-filters / carbon filters

Inspect RO membrane condition and replace if needed

Do not continue dialysis until water meets AAMI/ISO
standards

2. Chlorine / Chloramine Breakthrough
Possible Causes:

e Worn-out carbon filters

e Inadequate system flushing

* |ncrease in municipal water chlorine levels

Troubleshooting:
e Perform chlorine/chloramine test before every treatment shift
e Replace carbon tanks immediately if positive
e Never allow dialysis to run on untreated tap water (risk of
hemolysis)
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3. Low Water Pressure or Flow Rate
Possible Causes:
e Clogged filters or sediment buildup
e Pump failure or damaged pressure valve
e Kinked or blocked supply line

Troubleshooting:
e Check inlet filters and change if blocked
* |Inspect pump and booster motor function
e Flush lines and clear obstructions

4. Bacterial or Endotoxin Contamination
Possible Causes:
* Irregular disinfection schedule
 Biofilm formation inside storage tank or piping
e Stagnant water due to improper recirculation

Troubleshooting:
e Perform full heat or chemical disinfection cycle
* Replace storage tank or disinfect distribution loop
e Retest water before reconnecting to dialysis machines

5. System Alarm or Automatic Shutdown
Possible Causes:
» Sensor detecting high conductivity, low pressure, or leak
e Electrical power interruption
e Software or control panel error
Troubleshooting:
e Check system alarm code or fault message
* Inspect fuses, power supply, and emergency stop controls
e Restart system only after confirming safe water parameters




6. RO Pump or Motor Failure
Possible Causes:
» Mechanical wear or overheating
e Lack of lubrication or cooling
e Electrical fault or wiring issue
Troubleshooting:
e Shut down system for safety and inspect pump housing
e Call biomedical technician or facility engineer
e Switch to backup water system if available

7. Tank Overflow / No Water Storage
Possible Causes:

e Float valve or level sensor failure

¢ Blocked or stuck drain line

e Software or solenoid malfunction

Troubleshooting:
* |Inspect level control sensors
e Clear tank overflow drainage
* Reset or replace faulty valve/sensor

*303
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7 CONCLUSION

Renal equipment forms an essential foundation of dialysis
therapy, playing a crucial role in sustaining the health and quality
of life of patients with kidney failure. The safe and effective
operation of this equipment depends on proper usage, strict
adherence to safety standards, and a comprehensive
understanding of troubleshooting procedures. These elements
are vital to preventing complications and ensuring consistent
treatment performance.

This eBook emphasizes the importance of understanding the
principles, operation, and maintenance of dialysis systems —
including Hemodialysis, Peritoneal Dialysis, and the Mobile
Reverse Osmosis (RO) Water System. By highlighting best
practices and safety measures, it aims to promote a deeper
awareness of the biomedical responsibilities involved in renal
care.

As biomedical technology continues to evolve, professionals in
this field must remain committed to continuous learning,
compliance with international standards, and the integration of
new innovations to improve patient outcomes. Ultimately, the
true measure of success in biomedical engineering lies not only
in technological advancement, but in the ongoing commitment
to protect and preserve human life.
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