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ABSTRACT

Kidney stones are a serious condition that often occurs in the wider community. The presence of this disease is
influenced by genetic factors, diet, dehydration, irregular lifestyle, and unhealthy lifestyle. One of the treatments
used to treat kidney stones is Percutaneous Nephrolithotomy (PCNL) for kidney stones measuring more than two
centimeters. This study aims to find out about kidney stone treatment using the PCNL method. The method used
is a literature study by discussing five study focuses, namely (1) healthy kidney structure and its role in
maintaining body balance, (2) kidney structural abnormalities and their impact on health, (3) kidney stone
treatment methods and their impact on health, (4) PCNL as a modern treatment solution for kidney stone sufferers,
and (5) the process of implementing PCNL in kidney stone treatment. It can be concluded that healthy kidneys are
vital organs with integrated structures and functions to maintain the physiological balance of the body and play a
role in producing the hormones renin, erythropoietin, and calcitriol. Kidney disorders that often appear are kidney
stones caused by waste in the blood or crystallized chemicals such as calcium and oxalic acid. Pharmacological
therapy is a therapy that is often used to treat kidney stones using medical drugs and also surgery, but this method
has side effects due to the drugs given. PCNL is a non-invasive treatment that utilizes sophisticated medical
technology to treat kidney stones. PCNL treatment is done by making a small incision in the skin of kidney stone
sufferers so that it does not have significant side effects. PCNL has a high success rate for the treatment of kidney
stones.
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INTRODUCTION diseases can more easily attack the body (Maulana
et al., 2023). To maintain kidney health, it is
important to ensure that the body has an adequate
amount of fluids so the kidneys can function
properly (Yusuf & Nasution, 2023).

Kidney stones are a type of disease that occurs

The kidneys are organs responsible for
carrying out filtration in the body. They also play
a crucial role in the body's metabolic processes.
The condition of the kidneys is influenced by

lifestyle and daily activities, such as whether they
are regular or irregular (Alamsyah & Normalisa,
2019). When the kidneys are weakened, other
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in the urinary tract (Widiasti & Ernawati, 2021).
They are crystals formed due to supersaturation of
urine and disruption of kidney acidity. These
stones are composed of substances such as
magnesium, ammonium, uric acid, or
combinations of these components (Djamhuri et al.,
2016). Kidney stones can develop in the kidneys,
ureters, bladder, or wurethra. This disease is
commonly referred to as nephrolithiasis
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(Mahmudah & Nopiyanti, 2019). Kidney stones
are caused by several factors, one of which is the
accumulation of substances in the urine that form

in the kidneys and urinary tract (Utami et al., 2020).

The formation of kidney stones occurs more
rapidly when urine is highly concentrated and
fluid intake is low. Kidney stones can affect people
of various age groups, especially adolescents and
adults.

In general, the formation of kidney stones is
caused by intrinsic factors (originating from
within the body) and extrinsic factors (originating
from outside the body). Intrinsic factors include
age, sex, and hereditary traits. Meanwhile,
extrinsic factors involve geographical conditions,
climate, dietary habits, and the presence of
substances or chemicals in the water or other
materials consumed by humans (Silalahi, 2020). In
addition, lack of physical activity and insufficient
water intake also increase the risk of kidney stone
formation. The development of kidney stones is
closely related to a person’s habits and lifestyle
(Harnianthy et al., 2023). Therefore, it is very
important to maintain a healthy lifestyle.

Currently, kidney stone disease is widespread
globally and continues to increase annually. Over
the past year, there has been a significant rise in
kidney stone cases among individuals aged 15 to
20 years. In this age group, the risk of kidney stone

Figure 1. Healthy kidneys (Tilong, 2015).

formation is very high, reaching up to 70% (Shastri
et al., 2023). This is due to the lack of awareness
and concern among teenagers and young adults
regarding their health (Suharmanto, 2023). Many
of them consume food and beverages containing
various substances and chemicals.

In treating this condition, various methods
have been employed. One of the technologies used
to treat large and complex kidney stones is
Percutaneous Nephrolithotomy (PCNL). This
procedure is typically used for kidney stones
larger than 2 cm (Ilham et al, 2024). It is a
minimally invasive method that allows for the
removal of kidney stones through a small incision
in the back, using special instruments to break and
extract the stones. PCNL has become an effective
treatment option for kidney stone cases that are
difficult to manage with other methods, delivering
good and efficient outcomes for patients.

MATERIALS AND METHODS

The method used in this research is a literature
review. This approach was chosen as the primary
method to collect and analyze information from
various academic sources. It involves utilizing a
range of scientific references, including research
journals, textbooks, and study reports relevant to
the topic wunder review—particularly those
accredited by SINTA. The literature review
method was employed due to the limitations in
conducting direct research by the author. The data
were collected and then categorized into the
following groups: healthy kidney structure (12
journals), damaged kidney structure (8 journals),
kidney stones (11 journals), and kidney stone
treatment (5 journals). The collected data were
analyzed using descriptive analysis to explain the
characteristics of each research focus and the
obtained information, allowing the discussion to
provide a clear and structured overview.

RESULTS AND DISCUSSION

Healthy kidney structure and its role in main-
taining body balance



The human body is composed of various
organ systems, one of which is the kidneys. The
kidneys are a pair of bean-shaped organs located
on either side of the spine, just below the rib cage
(Bawazier, 2017). In adults, each kidney measures
approximately 12-13 c¢m in length, 6 cm in width,
2.5 cm in thickness, and weighs around 150 grams.
The kidneys are vital organs designed with a
structure and function that work together to
maintain the body's balance. A healthy kidney
structure consists of several main components: the
cortex, medulla, and renal pelvis. Within the
cortex are nephrons, which are the functional units
of the kidneys. Each healthy kidney contains about
one million nephrons, composed of glomeruli and
tubules. The glomerulus is responsible for filtering
blood, while the tubules serve as channels for the
reabsorption and secretion of essential substances.
Ideally, kidney structure should include good
blood vessels, strong connective tissue, and show
no signs of inflammation or fibrosis (Julisawaty et
al., 2020).

Healthy kidneys are vital organs with
integrated structure and function that work
together to maintain the body's physiological
balance. A healthy kidney has a smooth surface
without lesions, a symmetrical size, and no
abnormalities such as cysts or tumors that could
interfere with its normal function. Proper blood
flow throughout the kidney is essential to ensure a
consistent supply of oxygen and nutrients (Davey,
2005). Healthy kidneys serve as the primary
regulators of fluid and electrolyte balance, blood
pressure control, and the elimination of waste
products through urine. Their main functions
include filtering the blood to remove toxins and
metabolic waste such as urea and creatinine,
regulating the concentration of essential ions such
as sodium, potassium, and calcium, and
maintaining the body’s acid-base balance.

Kidneys also produce essential hormones,
including renin, erythropoietin, and calcitriol.
Renin functions to regulate blood pressure
through the renin-angiotensin-aldosterone system
(RAAS). This system plays a key role in
maintaining sodium balance, extracellular fluid
volume, renal vascular resistance, and systemic
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vascular resistance (Toreh et al, 2013).
Erythropoietin stimulates the bone marrow to
produce red blood cells (Akhdiyat, 2020).
Calcitriol is the active form of vitamin D and plays
an important role in calcium and phosphate
metabolism. It activates vitamin D receptors
(VDR), which regulate genes involved in calcium
metabolism, cell proliferation, differentiation, and
immune function (Natasya, 2024). Optimal kidney
function is crucial for maintaining homeostasis,
regulating normal blood pressure, and eliminating
metabolic waste and toxins from the body
(Julisawaty et al, 2020). The harmonious
interaction of kidney structure and function makes
the kidneys vital organs for sustaining overall
health.

The kidneys consist of several parts. The outer
part of the kidney is covered by a fibrous capsule,
which serves to protect the kidney from trauma.
Beneath the fibrous capsule lies the renal cortex,
the outer layer of the kidney that contains the
glomeruli and proximal tubules, where blood
filtration occurs (Tilong, 2015). Below the cortex is
the renal medulla, composed of pyramid-shaped
structures known as renal pyramids (Verdiansah,
2016). The tips of these pyramids point toward the
renal papillae, which function to drain urine into
the minor calyces (Ham & Saraswati, 2020).
Several minor calyces merge to form a major calyx,
which then channels urine into the renal pelvis.
The renal sinus is a cavity surrounding the pelvis
that contains fatty tissue, blood vessels, and urine
ducts (Kuntoadi, 2022).

The internal structure of the kidney includes
renal lobes, which are formed by a renal pyramid
and the surrounding cortex (Suryani et al., 2024).
The renal artery delivers oxygen- and nutrient-rich
blood to the kidney for filtration (Kuntoadi, 2022).
After filtration, the processed blood exits the
kidney through the renal vein and returns to
systemic circulation (Umar & Utama, 2021). The
urine formed in the kidney flows through the
collecting ducts into the ureter, which connects the
kidney to the bladder. Urine is stored in the
bladder until it is expelled from the body.
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Figure 2. An unhealthy Kidney (Source: Alelign
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Kidney structural abnormalities and their impact
on health

The human body is composed of various organ
systems, each with its own functions to support
the body's performance. When one of these
systems is damaged, it can disrupt the overall
functioning of the body. The kidneys are
responsible for excreting metabolic waste products
such as urea, creatinine, and uric acid (Apsari,
2018). If these substances accumulate, they can
damage the kidneys and even become toxic to the
body. Damaged kidneys may experience
structural and functional impairments.
Structurally, kidney damage such as glomerular
injury can lead to proteinuria, while tubular
disorders can affect the reabsorption of water and

electrolytes, both of which can have serious health
consequences (Baradero, 2009). Kidney stones
originate from waste substances in the blood that
crystallize and accumulate in the kidneys
(Hadibrata & Suharmanto, 2022). Chemicals such
as calcium and oxalate are among the main
contributors to stone formation. This process not
only causes severe pain but also leads to structural
damage in the kidneys and impairs their function.
Kidney stones form when the urine contains high
concentrations of crystal-forming substances.
When their levels exceed the urine’s ability to
dilute them, crystals begin to form and eventually
become stones. Calcium stones, particularly
calcium oxalate, are the most common type
(Mayasari & Wijaya, 2020). Oxalate is produced by
the liver and also obtained from foods such as
certain vegetables and chocolate. Excessive intake
of vitamin D supplements may also increase
calcium levels in the urine. Dehydration is another
major risk factor, as insufficient water intake
makes urine more concentrated and increases the
risk of stone formation. Symptoms of kidney
stones vary depending on the size and location of
the stone. Patients often experience intense pain in
the lower back or sides, which may radiate to the
lower abdomen or groin (Sufiana et al., 2022). This
pain may be dull or severe and sharp, especially
when the stone moves or blocks the urinary tract.
Other common symptoms include nausea and
vomiting caused by gastrointestinal irritation due
to pain, as well as difficulty urinating
accompanied by pain or a burning sensation.

Urine may appear bloody, cloudy, or have an
unusual odor, which can indicate the presence of
infection or irritation in the urinary tract. When
such symptoms occur, it is crucial to seek medical
attention promptly. Early diagnosis and
appropriate treatment can help prevent serious
complications, such as kidney infections or
permanent kidney damage, which may have
broader impacts on overall health.

The issue of kidney stones among individuals
aged 15 to 22 has become increasingly urgent due
to the rising prevalence in this age group and the
potential long-term consequences for kidney
health.



In adolescence and early adulthood, modern
lifestyle habits—such as high-salt diets, frequent
consumption of sugary drinks, and inadequate
water intake —can trigger the formation of kidney
stones (Kamaluddin & Rahayu, 2009). Irregular
physical activity and academic stress further
exacerbate the risk. Kidney stones that develop at
a young age may lead to earlier and more
progressive kidney damage.

Batu ginjal yang muncul pada usia muda
memiliki potensi untuk menyebabkan kerusakan
ginjal yang lebih dini dan progresif. Ketika batu
ginjal terbentuk, mereka dapat menghalangi aliran
urine dari ginjal ke kandung kemih, menyebabkan
penumpukan urine dan meningkatkan tekanan di
dalam ginjal. Hal ini dapat mengakibatkan
hidronefrosis, yaitu pembengkakan ginjal akibat
penumpukan urine, yang jika tidak ditangani
dengan cepat dapat menyebabkan kerusakan
permanen pada jaringan ginjal. Menurut data dari
Kementerian Kesehatan, prevalensi penyakit ginjal
kronis pada kelompok usia 15-24 tahun telah
mencapai 1,33%, dengan angka ini terus
meningkat seiring dengan perubahan gaya hidup
dan pola makan (Kemenkes, 2023).

Kidney stone treatment methods and their
impact on health

Kidney stone treatment varies depending on
the size and location of the stone. There are two
general approaches to managing kidney stones:
non-pharmacological therapy and pharma-
cological therapy. Non-pharmacological therapy
refers to natural treatments that do not involve the
use of medications. One form of natural and
traditional therapy involves the use of herbal
remedies (Ariana, 2022). This type of therapy can
also be applied by adopting a healthy lifestyle,
such as avoiding instant foods, foods high in fat,
alcohol, and engaging in regular physical exercise
(Pachaly et al., 2016). This option is generally
chosen for kidney stones that are small, do not
cause urinary tract obstruction, and can be
spontaneously passed through urine (Wahyuning,
2018).

However, non-pharmacological treatments
can sometimes cause discomfort for some patients.
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They often struggle to maintain adequate fluid
intake, which increases the risk of dehydration
(March et al., 2022). This situation can occur in
patients who are required to limit fluid
consumption due to certain health conditions,
such as heart failure or chronic kidney failure
(Prihatiningsih & Sudyasih, 2018).

The effectiveness of this therapy is also
limited for larger stones that can obstruct urine
flow. Physical exercise, which is initially intended
to help expel the stones, may in fact worsen the
pain experienced by the patient. Therefore, non-
pharmacological methods such as increasing fluid
intake cannot always guarantee the complete
elimination of kidney stones (Ibrahim, 2023).

Pharmacological therapy refers to treatment
involving the use of medications and surgical
procedures. This process is used to manage
diseases that may have side effects resulting from
the drugs administered (Ariana, 2022). Several
commonly used pharmacological treatments for
kidney stones include medical therapy, ESWL,
and ureteroscopy. Medical therapy is typically
applied for small-sized kidney stones, with
recommendations such as increasing fluid intake,
using pain relievers, and alpha-blockers to relax
the muscles of the urinary tract so that the stones
can pass naturally (Verdini et al, 2016).
Extracorporeal Shock Wave Lithotripsy (ESWL) is
a non-invasive procedure that uses shock waves to
break kidney stones into smaller fragments so they
can be passed through urine, and is effective for
medium-sized stones. Ureteroscopy (URS), on the
other hand, involves the use of a ureteroscope
inserted through the urinary tract to directly view
and remove stones; if necessary, the stones can be
broken down using a laser (Khusnia & Fachrurrazi,
2024).

The non-invasive ESWL procedure, which
uses shock waves to break kidney stones, carries
certain risks. Shock waves have the potential to
damage surrounding kidney tissues and may
cause renal hematoma, which is bleeding within
the kidney (Anas et al., 2016). Patients may also
experience pain following the procedure. This
pain can occur as stone fragments pass through
the urinary tract, and it can be more intense if



98 |]URNAL BIOLOGI PAPUA 17(1): 93-101

there is a blockage in the urinary tract (Wulandari,
2022). The effectiveness of ESWL is limited to
small-sized kidney stones; if the stone is larger
than 20 mm and composed largely of calcium
oxalate monohydrate, it becomes more difficult to
fragment (Bilqisthi et al., 2023).

PCNL as a modern treatment solution for kidney
stone patients

Percutaneous Nephrolithotomy (PCNL) is a
minimally invasive surgical procedure specifically
designed to treat large kidney stones or those
located in areas that are difficult to reach using
conventional methods (Hadibrata et al., 2023).
PCNL was first introduced in 1976 and remains
one of the gold standard procedures for kidney
stone treatment to this day (Hardjowijoto et al.,
2015).

Kidney stones form when minerals and salts
in the urine crystallize and develop into hard
masses within the kidneys. These stones can vary
in size, from small to large. While large kidney
stones are difficult to break using ESWL, PCNL
offers a more effective alternative. Stones
measuring over 20 mm can be managed using this
treatment method. Percutaneous nephrolithotomy
is a minimally invasive surgical procedure
specifically designed to treat large kidney stones
or those located in hard-to-reach areas using
conventional methods (Hadibrata et al., 2023). First
introduced in 1976, PCNL remains a gold standard
treatment for kidney stones (Hardjowijoto et al.,
2015).

This procedure begins with a small incision
made in the lower back, allowing doctors to insert
specialized instruments directly into the kidney
through the skin. With the help of these
instruments, kidney stones are fragmented into
smaller pieces and then removed from the body.
One of the major advantages of PCNL is its ability
to treat larger and more complex stones, making it
a preferred option when non-invasive methods are
ineffective (Murti & Rasyid, 2008). Furthermore,
since it only requires a small incision, PCNL
carries a lower risk of complications compared to
traditional open surgery. Patients typically
experience shorter recovery times and less

postoperative pain. The procedure also allows for
more thorough stone removal, which helps to
reduce the likelihood of recurrence.

PCNL is generally recommended for patients
with large kidney stones, those who do not
respond to non-invasive methods, or patients who
fail to recover with conservative treatment
(Rosette et al., 2011). Potential complications of the
treatment include infection or injury to the
kidneys or surrounding organs. Therefore, proper
patient selection is essential to ensure the
procedure's success. Additionally, the skill of the
medical team and the availability of proper
medical equipment are crucial factors that enhance
the success rate. Despite these considerations,
PCNL remains a primary treatment option for
managing complex kidney stone cases (Ali et al.,
2023).

The application process of PCNL in kidney stone
treatment

PCNL treatment involves a minimally
invasive procedure designed to address large
kidney stones or those causing complications. To
measure the size and location of the kidney stones,
diagnostic tools such as CT scans or
ultrasonography are typically used (Noegroho &
Daryanto, 2018). The patient is given general
anesthesia to ensure comfort during the procedure.
PCNL is performed under general anesthesia with

NEFROSKOP

Figure 4. PCNL procedural illustration (Source:
royalprogress.com).



the patient lying in a prone position. This
positioning  helps ensure patient comfort
throughout the process. A small incision is then
made in the back to insert an instrument called a
nephroscope into the kidney through a tract
known as the percutaneous access (Hadiwijono &
Ratumasa, 2023). With the help of this instrument,
the kidney stone is visualized and broken down
using laser energy or other specialized tools. The

stone fragments are then removed from the kidney.

This process is effective in removing stones that
cannot be treated with non-invasive methods and
generally offers a shorter recovery time compared
to open surgery. Once the procedure is complete,
the patient is transferred to a recovery room for
monitoring to assess progress during the healing
phase.

The success rate of PCNL treatment is
considered high. A study conducted by Bimanggo
and Nur on kidney stone patients at Cipto
Mangunkusumo Hospital showed a satisfactory
result of 74.2%, indicating that almost all kidney
stones could be managed using the PCNL method
(Hernowo & Rasyid, 2017). Other studies and
opinions from US urologists also confirm that
PCNL meets high-quality standards, with success
rates ranging from 83% to 95%, as demonstrated in
research conducted at Abdul Moeloek Regional
General Hospital (Hadibrata et al., 2023). These
findings indicate that PCNL is highly
recommended for the treatment of kidney stones,
particularly in cases involving large and complex
stones. Further research also suggests that PCNL
effectively improves patients' quality of life by
enabling faster recovery, reducing pain symptomes,
and minimizing complications. An intensive
postoperative care approach can yield highly
satisfying outcomes (Ariana, 2022).

CONCLUSION

Kidney stone disease is one of the commonly
encountered health problems, particularly among
individuals aged 15 to 22. Kidney stones can form
when the concentration of crystal-forming
substances in the urine exceeds the body’s ability
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to dissolve them, leading to the formation of
stones, especially calcium-based stones. These
stones may develop due to high levels of calcium
and oxalate in the urine, which are influenced by
dietary factors, vitamin D supplementation, and
certain body conditions. Dehydration is also a
major risk factor, as low fluid intake results in
more concentrated urine, increasing the likelihood
of crystal formation. One of the technologies used
for treating kidney stones is PCNL. PCNL, or
Percutaneous Nephrolithotomy, is a minimally
invasive surgical procedure effective in treating
large or hard-to-reach kidney stones that cannot
be managed using other methods. This procedure
involves making a small incision in the lower back
to insert instruments capable of breaking the
stones and removing them from the body. The
advantages of PCNL include lower complication
risks, faster recovery times, and more complete
stone removal, which helps reduce the chances of
recurrence. Nevertheless, proper patient selection,
skilled medical personnel, and adequate facilities
remain key factors in ensuring the success of this
procedure.
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