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ABSTRACT

Introduction: Effective management of kidney stones can involve either percutaneous nephrolithotomy (PCNL) or
open nephrolithotomy. This study aims to compare the profiles and outcomes of patients with kidney stones who
underwent either PCNL or open nephrolithotomy. Methods: Conducted at Abdul Moeloek Hospital in Lampung,
the research employed an observational analytical approach with a cross-sectional design from April to September
2023. A total of eighty-five patients with kidney stones participated in this study, which examined several key fac-
tors, including hemoglobin levels, transfusion requirements, stone burden, and stone type. Furthermore, the study
assessed complications, surgery duration, and the stone-free rate, all of which are vital considerations. It specifically
investigated the independent variables associated with the procedures of percutaneous nephrolithotomy and open
nephrolithotomy. Data collection involved patient medical records and observation sheets, while data analysis em-
ployed the Mann-Whitney test. Results: There were differences in stone-free rate and stone type. The stone-free rate
was higher in open nephrolithotomy than in PCNL, with more non-staghorn stones in open nephrolithotomy. There
were no significant differences in stone burden and complications. Meanwhile, stone burden and complications
were nearly equal in both groups. Conclusion: Both PCNL and open nephrolithotomy are effective options for treat-
ing kidney stones. The researchers recommend conducting further studies involving larger populations to enhance
the understanding of these procedures.
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INTRODUCTION

Urolithiasis is a condition in which stones form in the
urinary tract, including the kidneys, ureters, bladder,
and urethra. The stones are formed from crystals that
precipitate from urine. Urolithiasis symptoms vary based
on stone location, infection severity, and urinary tract
blockage (1). The lifetime prevalence of urolithiasis ranges
from 1% to 15%. Age, race, gender, and geographic
location cause this variation. Kidney stones that form
in the kidneys are called nephrolithiasis. Kidney stones
are formed from blood waste that turns into crystals and
becomes harder over time. Small, asymptomatic urinary
tract stones can usually pass naturally from the urinary
tract and heal on their own (2).

Treatment for kidney stones depends on the size,
location, and severity of the condition. Non-invasive

treatments for kidney stones include Extracorporeal
Shock Wave Lithotripsy (ESWL), which breaks stones
into smaller pieces for easier excretion through urine (3).
Besides that, minimally invasive surgical procedures,
surgical procedures without incisions or with small
incisions. Surgical procedures without incisions, include
Ureterorenoscopy (URS) or Retrograde Intrarenal Surgery
(RIRS) to detect and break up kidney stones. Advances
in medical technology have shifted kidney stone
surgery. The medical field has moved from open surgery
to minimally invasive methods. These include ESWL,
Percutaneous Nephrolithotomy (PCNL), ureteroscopy,
and laparoscopic surgery (4).

The PCNL method is a minimally invasive technique for
accessing the calyx or pelvis of the kidney. The surgeon
employs a nephroscope or ureteroscope to remove
kidney stones that are larger than 2 cm or not amenable
to treatment with ESWL or cystoscopy and ureteroscopy.
This procedure is also indicated when kidney stones
cause infections or severe pain that cannot be managed
with medication. The nephroscope, a tubular instrument
equipped with a camera, is inserted directly into the
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kidney through a small incision made by the surgeon in
the patient's back (5).

PCNL is particularly effective for managing large or
complex kidney stones and boasts a high stone-free
rate, quick procedure duration, and immediate results
(6). (7). However, it necessitates specialized skills
from urologists (8). In contrast, open nephrolithotomy
involves making a larger incision in the back and using
specialized instruments to crush the kidney stones into
smaller pieces for removal (9). This surgical procedure
is often chosen when ESWL has failed to effectively treat
the stone or when the stone exceeds 2 cm in size. (10),
Currently, PCNL is the preferred choice for kidney stone
treatment due to its numerous advantages.(11), Research
indicates that both PCNL and open nephrolithotomy
have been utilized to manage kidney stones, resulting in
varying patient profiles and outcomes (12). This research
focused on examining the disparities in stone-free
rates, types of stones, stone burden, and complications
between patients with kidney stones who underwent
PCNL and those who underwent open nephrolithotomy.

MATERIALS AND METHODS

This study employed a retrospective approach to compare
the profiles and outcomes of kidney stone patients
treated with PCNL versus open nephrolithotomy (13).
The research was submitted to the Medical Research
Ethics Committee of the University of Lampung under the
reference number 3467/UN26.18/PP.05.02.00/2024.
Inclusion criteria consisted of patients aged 18 years
and older, who had been diagnosed with kidney stones
and had provided informed consent. Exclusion criteria
eliminated patients with kidney abnormalities. This
research was conducted at Abdul Moeloek Hospital
in Lampung, between April and September 2023. The
study focused on several variables, including stone-free
rate, stone type, stone burden, and complications. Data
collection was carried out using medical records and
observation sheets (14). The Mann-Whitney and Chi-
Square tests were employed to analyze the data (15).

RESULTS

Eighty-five kidney stone patients participated in this
study, comprising 44 males (51.8%) and 41 females
(48.2%). Among these 85 patients, 31 (36.5%) underwent
Percutaneous Nephrolithotomy (PCNL), while 54
(63.5%) were treated with open nephrolithotomy. The
mean age in the PCNL group was 50.60+11.27 years
(ranging from 24 to 69), compared to an average age of
51.09+10.69 years (ranging from 24 to 72) in the open
nephrolithotomy group. The mean duration of surgery
for the PCNL group was 104.52+20.30 minutes (with a
range of 60 to 120), whereas the open nephrolithotomy
group averaged 69.44+19.17 minutes (also ranging from
60 to 120). In the PCNL group, there were 15 males and
16 females.

Conversely, the open nephrolithotomy group included
29 males and 25 females. Within the PCNL group, 4
patients (12.9%) exhibited stable hemoglobin (Hb)
levels, while 27 (87.1%) experienced a decrease. Of
these, 8 patients (25.8%) required blood transfusions,
whereas 23 (74.2%) did not. In the open nephrolithotomy
group, 18 patients (33.3%) maintained stable Hb levels,
35 (64.8%) showed decreased levels, and 1 (1.9%)
experienced an increase. In this group, 16 patients
(29.6%) received blood transfusions, while 38 (70.4%)
did not. The characteristics of the patients are detailed
in Table I.

Table 1l provides insights into the stone-free rates, stone

Table I: Characteristics of Patients at Abdul Moeloek Hospital,
Lampung Province, in 2022

Variables PCNL Group Open Nephrolithotomy
Group
Mean Standard Mean Standard
Deviation Deviation
Age (year) 50.6 11.27 51.09 10.69
Duration of operation 104.52 20.3 69.44 19.17
(minute)
Frequency Percent Frequency Percent
Gender
Male 15 48.4 29 53.7
Female 16 51.6 25 46.3
Hb level
Stable 4 12.9 18 33.3
Decrease 27 87.1 35 64.8
Increase 0 0.0 1 1.9
Need for blood transfusion
Yes 8 25.8 16 29.6
No 23 74.2 38 70.4

types, stone burden, and associated complications for
the two surgical techniques analyzed. The mean stone-
free rate in the PCNL group was 84.03+6.11 (with a
minimum of 80 and a maximum of 100), while the open
nephrolithotomy group demonstrated a mean stone-free
rate of 89.54+3.918 (minimum 75, maximum 100). A
t-test indicated a significant mean difference in stone-
free rates between the two groups (p<0.001), with a
difference of 5.51; this suggests that both methods are
comparably effective in removing kidney stones.

In the PCNL group, the distribution of stone types was
as follows: non-staghorn stones accounted for 15 cases
(25.4%) and staghorn stones for 16 cases (61.5%).
Conversely, the open nephrolithotomy group included
44 non-staghorn stones (74.6%) and 10 staghorn stones
(38.5%). At-test analysis revealed a significant difference
in stone types between the two groups (p=0.003).

Regarding stone burden, the PCNL group reported
23 cases (32.9%) in the 20-50 mm range and 8 cases
(53.3%) exceeding 50 mm. In the open nephrolithotomy
group, 47 cases (67.1%) fell within the 20-50 mm
range, while 7 cases (46.7%) were greater than 50 mm.
Statistical evaluations indicated no significant difference
in stone burden between the two groups (p=0.230).
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Table II: Stone-Free Rate, Stone Type, Stone Burden and Complications

Variable Methods Total p-value
PCNL Open
Nephrolithotomy
Stone-Free Rate 84.03+6.11 89.54+3.918 <0.001
Stone type Non Staghorn 15 (25.4) 44 (74.6) 59 0.003
Staghorn 16 (61.5) 10 (38.5) 26
Stone burden 20-50 mm 23 (32.9) 47 (67.1) 70 0.230
>50 mm 8(53.3) 7 (46.7) 15
Complications Grade 1 23 (39.7) 35 (60.3) 58 0.292
Grade 2 7 (41.2) 10 (58.8) 17
Grade 3 0 (0.0) 0 (0.0)
Grade 4 0(0.0) 4 (100.0) 4
Grade 5 1(16.7) 5 (83.3) 6

When it comes to complications, the PCNL group
experienced first-grade complications in 23 cases
(39.7%), second-grade in 7 cases (41.2%), and fifth-
grade in 1 case (16.7%). The open nephrolithotomy
group had first-grade complications in 35 cases (60.3%),
second-grade in 10 cases (58.8%), fourth-grade in 4 cases
(100.0%), and fifth-grade in 5 cases (83.3%). The study
concluded that there was no significant difference in
complication rates between the two surgical techniques
(p=0.292).

DISCUSSION

Percutaneous nephrolithotomy (PCNL) is a minimally
invasive procedure designed to remove stones from the
urinary tract, gallbladder, or pancreas. This technique
involves inserting a specialized instrument through a
small tube directly to the location of the stone. Because
PCNL does not require a large incision, it effectively
minimizes postoperative pain and facilitates a faster
recovery compared to open surgery. Moreover, PCNL
boasts a higher success rate and a lower risk of requiring
retreatment than alternative methods. In contrast, open
nephrolithotomy involves making a substantial incision
in the waist to access the kidney for stone removal and
is typically reserved for patients with very large kidney
stones (over 2 cm) (16).

5-10% of people will develop kidney stones during their
lifetime, with most experiencing recurrent episodes.
Kidney stones are most common between the ages of 20
and 49 and are rare in children and young adults. Men
are more likely to develop kidney stones than women,
although this gender gap has narrowed in recent years.
Testosterone can increase oxalate levels, raising the risk
of calcium oxalate stone formation. Conversely, women
tend to have higher urinary citrate levels, which inhibit
stone formation (17). Surgery can lead to decreased
hemoglobin (Hb) levels because it may involve cutting
and opening blood vessels. However, the reduction in
Hb typically does not require transfusions and remains
within normal limits. This is especially true for surgeries
that do not involve significant blood loss. Minimally
invasive procedures, which use small incisions,

generally cause less bleeding than open surgeries (18).
Percutaneous nephrolithotomy (PCNL) is considered the
standard treatment for medium to large kidney stones.
It is a safe, highly effective, and minimally invasive
procedure. Nonetheless, complications may arise in
patients with complex stone burdens (19).

In addition to percutaneous nephrolithotomy (PCNL),
open nephrolithotomy is a surgical procedure used to
remove large and hard kidney stones that are difficult
to break up and extract using non-surgical methods.
This procedure involves making an incision to access
and remove the kidney stone. Patients may require
nephrolithotomy if the stone is very large (greater than
2 centimeters) or if its location renders other treatments,
such as extracorporeal shock wave lithotripsy (ESWL)
or ureteroscopy, ineffective. Since nephrolithotomy is
an open surgery, there are associated risks that must
be carefully managed to minimize complications (20).
Kidney stones most commonly develop between the
ages of 40 and 60, although they can occur at any age.
Research indicates that 35-50% of individuals who
have had one kidney stone will develop additional
stones, typically within 10 years of the first occurrence.
Age and gender significantly influence the type of stone
that forms (21).

The patient’s age, gender, and medical history can
significantly influence the outcomes of nephrolithotomy
and percutaneous nephrolithotomy (PCNL) procedures
(22). These factors impact the success rate of kidney stone
removal, the risk of complications, and the duration of
recovery (23). Generally, younger patients tend to have
stronger immune systems and higher metabolic rates,
which may contribute to faster recovery and a reduced
risk of complications following PCNL (24). Conversely,
older patients often have comorbidities that increase
the likelihood of complications, and their recovery may
be prolonged due to a weakened immune system and
slower metabolism (25).

Several studies have shown that longer surgical
durations in percutaneous nephrolithotomy (PCNL)
may increase the risk of residual stones. This is because
extended surgical times can indicate difficulties in
accessing and clearing the stones or complications
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arising during the procedure. Men may have a higher
risk of bleeding complications after PCNL compared
to women, possibly due to greater muscle mass,
which may increase susceptibility to internal bleeding
(26). Conversely, women may have a higher risk of
infectious complications following PCNL, potentially
because of differences in immune response that increase
susceptibility to urinary tract infections (27).

Patients with a history of chronic diseases, such as
diabetes or hypertension, may have an increased risk
of complications following PCNL. These medical
conditions can affect recovery and may also elevate
the risk of infection (28). Additionally, patients with
a history of allergies may be susceptible to allergic
reactions from anesthesia or other medications used
during PCNL. Those taking certain medications, such as
anticoagulants, may face a higher risk of bleeding after
the procedure (29).

Overall, it is important to understand that age, gender,
and medical history can influence the outcomes of
PCNL and nephrolithotomy (30). By taking these factors
into account, physicians can tailor the treatment to each
patient, thereby increasing the likelihood of a successful
procedure and minimizing the risk of complications
(31).

Stone complexity is associated with lower postoperative
hemoglobin levels and can be assessed using the
STONE score. Staghorn stones result in greater blood
loss compared to calyceal stones, a finding consistent
for both complete and partial staghorn stones. Key
factors such as stone complexity, creatinine levels,
complications, and surgery duration are linked to an
increased risk of bleeding and the need for transfusion
during percutaneous nephrolithotomy (PCNL). Larger
staghorn stones require more blood transfusions during
PCNL than smaller stones (32).

Patient-related factors predict postoperative bleeding
and include age, diabetes, and urinary tract infections.
Additionally, the preoperative hemoglobin level is
important, as are the presence of large or staghorn
stones, their location, hydronephrosis, and renal
thickness. Prolonged operating times can also contribute
to increased postoperative bleeding (33).

Bleeding during open nephrolithotomy can occur as a
complication, although it is less common than in other
procedures such as percutaneous nephrolithotomy
(PCNL). Accurate estimation of blood loss is essential
to avoid unnecessary blood transfusions. Certain factors
can predict the total amount of bleeding during this
procedure (34). Hydronephrosis is one such predictor of
bleeding in PCNL. Blood loss during PCNL depends on
three factors: the degree of hydronephrosis, the number
of access channels, and the duration of the operation.
Higher rates of blood transfusion are associated with

lower degrees of hydronephrosis and thicker renal
parenchyma. PCNL performed on horseshoe kidneys is
considered safe and does not carry an increased risk of
bleeding. Anatomical anomalies do not predict bleeding
(35).

In the treatment of kidney stones, the stone-free rate is a
crucial parameter to consider. This study found that the
stone-free rate was 84.03% in the PCNL group, compared
to 89.54% in the open nephrolithotomy group. Although
the difference between the two groups was statistically
significant (p < 0.001), the absolute difference was
only 5.51%. Therefore, the researchers concluded that
PCNL is comparable to open nephrolithotomy in terms
of stone-free rate. Similarly, EI-Nahas (36) reported that
PCNL and open surgery had comparable stone-free rates.
However, Zhang (37) found that open surgery provided
a significantly higher final stone-free rate compared to
PCNL (97.5% vs. 76.1%, p < 0.001). The stone-free
rate refers to the percentage of patients with no residual
kidney stones following a medical procedure and is
used to measure the procedure’s success in treating
kidney stones. The stone-free rates for PCNL and open
nephrolithotomy are similar, indicating that PCNL also
achieves a favorable outcome in this regard. The stone-
free condition is defined as the absence of residual stones
after surgery, which is typically assessed using plain
abdominal radiographs and/or ultrasonography (USG).
PCNL is a minimally invasive urological procedure
designed to remove kidney stones through percutaneous
access to the pelvicalyceal system. Patients undergoing
PCNL often have a greater stone burden (38).

In the PCNL group, the stone types were non-staghorn in
15 cases (25.4%) and staghorn in 16 cases (61.5%). In
the open nephrolithotomy group, non-staghorn stones
were found in 44 cases (74.6%) and staghorn stones
in 10 cases (38.5%). Analysis using the t-test revealed
a significant difference between the two groups (p =
0.003). Several factors contribute to the development
of staghorn kidney stones. Intrinsic factors include
heredity, age (commonly occurring between 30 and 50
years), and gender (men are affected three times more
often than women). Extrinsic factors include geography,
climate and temperature, water intake (insufficient
hydration and high calcium mineral levels in consumed
water), diet (high in purines, oxalates, and calcium),
and occupation (the condition is more common in
individuals with sedentary jobs). Staghorn kidney stones
are characterized by branching stones that extend from
the renal pelvis into two or more renal calyces. The size
of staghorn stones depends on the size of the kidney.
Staghorn kidney stones can be treated with PCNL
surgery without radiation exposure. This technique
uses ultrasound guidance to avoid radiation risks and
minimize the need for radiation-related medications.

The stone burden in the PCNL group was 20-50 mm
in 23 patients (32.9%) and greater than 50 mm in 8

98 Mal J Med Health Sci 22(SUPP9): 95-101, July 2026

patients (53.3%). In the open nephrolithotomy group,
47 patients (67.1%) had stones measuring 20-50 mm,
and 7 patients (46.7%) had stones larger than 50 mm.
Statistical analysis showed no significant difference in
stone burden between the two groups. Kidney stones
are considered dangerous if they exceed 10 mm (1 cm)
because they can obstruct the urinary tract and cause
complications. Stones of this size typically require
medical intervention for removal. Conversely, kidney
stones smaller than 4 mm usually pass spontaneously
within 1 to 2 weeks. Larger stones may take longer to
pass or may necessitate medical treatment. Generally,
urinary tract stones with a diameter less than 5 mm have
a higher likelihood of passing on their own. However,
medical intervention may still be necessary in cases
where the stone obstructs the urinary tract or causes
severe symptoms. For patients requiring intervention,
factors such as stone location, stone size, and kidney
function must be carefully considered (39).

For stones measuring less than 2 cm in diameter (which
corresponds to the maximum diameter of the urinary
tract), the first-line treatment is extracorporeal shock
wave lithotripsy (ESWL). The success of ESWL depends
on the size, composition, and location of the stone.
ESWL generates extracorporeal shock waves that are
focused on the stone, fragmenting it into smaller pieces.
This facilitates easier passage of the stone fragments
through the urine. An advantage of ESWL is that it does
not require general anesthesia, allowing the patient to
go home immediately after the procedure (40).

Complications in the PCNL group were classified as
follows: first grade, 23 cases (39.7%); second grade, 7
cases (41.2%); and fifth grade, 1 case (16.7%). In the
open nephrolithotomy group, complications included
first grade, 35 cases (60.3%); second grade, 10 cases
(58.8%); fourth grade, 4 cases (100.0%); and fifth
grade, 5 cases (83.3%). The study found no significant
difference in complication rates between the two groups.
Complications associated with the PCNL procedure
include bleeding, infection, injury to surrounding
organs, and ureteral obstruction. PCNL is considered a
relatively low-risk surgical procedure for kidney stones.
It is minimally invasive, resulting in smaller incisions,
less postoperative pain, and a shorter recovery time. In
contrast, complications following open nephrolithotomy
for kidney stone treatment may include pain and
discomfort at the incision site or around the kidney,
painful urination, nausea and vomiting, hematuria,
infection, anesthesia-related reactions, and constipation
(41).

One of the complications of percutaneous
nephrolithotomy (PCNL) is bleeding. PCNL procedures
can injure the renal blood vessels, particularly the
segmental and interlobar arteries. This risk arises due to
direct access to the pelvicalyceal system and intrarenal
manipulation. One type of kidney stone is the staghorn

stone. Risk factors for staghorn stones include heredity,
age (30-50 years), and gender, with men being three
times more likely to develop them than women.
Other contributing factors include climate, low water
intake, high calcium levels, and a diet rich in purines
and oxalates, as well as sedentary work (42). Previous
systematic reviews and meta-analyses have found that
PCNL is a viable alternative to open surgery for patients
with staghorn kidney stones. It offers several advantages,
such as shorter hospitalization and operation times,
less blood loss and fewer blood transfusions, without
increasing complications or reducing the final stone-free
rate (43).

Overall, this study demonstrates that PCNL is an effective
treatment for kidney stones, achieving a stone-free rate
comparable to that of open nephrolithotomy. PCNL is
highly successful in treating kidney stones, is minimally
invasive due to a small incision in the back, and is
associated with a low risk of complications, minimal
postoperative pain, and a rapid recovery time. Previous
studies have also reported that PCNL offers high success
rates, faster recovery, shorter hospital stays, and lower
morbidity (44).

CONCLUSION

Percutaneous nephrolithotomy (PCNL) and open
nephrolithotomy are both effective treatment options for
kidney stones. Patients who underwent PCNL achieved
stone-free rates comparable to those who received open
nephrolithotomy. The study's findings indicated no
significant difference in complication rates between the
two groups.

ACKNOWLEDGEMENTS

The authors would like to express their gratitude to all
participants and institutionsinvolved in this study. Special
thanks to the nursing staff and hospital management for
their cooperation and valuable insights. This research
received no specific grant from any funding agency in
the public, commercial, or not-for-profit sectors.

REFERENCES

1. Sawal Z, Soebadi DM. Impact of stone size,
location, and stone composition on the efficacy of
extracorporeal shock wave lithotripsy for residual
stone after percutaneous nephrolithotomy. Folia
Med Indones. 2020;56(2):127-130. doi:10.20473/
fmi.v56i2.21231

2. Guzel R, Yildirim U, Sarica K. Contemporary
minimal invasive surgical management of stones
in children. Asian J Urol. 2023 Jul;10(3):239-245.
doi:10.1016/j.ajur.2023.02.001

3. Cassell AK 1lI, Jalloh M, Gueye S, et al. Surgical
management of urolithiasis of the upper tract:
current trend of endourology in Africa. Res Rep

Mal ) Med Health Sci 22(SUPP9): 95-101, July 2026 99



Malaysian Journal of Medicine and Health Sciences (eISSN 2636-9346)

10.

11.

12.

13.

14.

15.

100

Urol. 2020 Jul 6;12:225-238. doi:10.2147/RRU.
$257669

Halinski A, Steyaert H, Wojciech M, Sobolewski
B, Haliriski A. Endourology methods in pediatric
population for kidney stones located in lower
calyx: FlexURS vs Micro PCNL (MicroPERC®).
Front Pediatr. 2021;9:640995. doi:10.3389/
fped.2021.640995

Omorogbe A, Rosen DC, Chandhoke R,
Bamberger ], Gupta M. Ultrasound-guided
access in a malrotated kidney: optimally safe and
effective. ] Endourol Case Rep. 2020;6(3):155-158.
doi:10.1089/cren.2019.0155

Haghighi R, Razi A, Haghighi A, Ebrahimipour N,
Teimouri A. Laparoscopy-assisted transperitoneal
percutaneous nephrolithotomy for the treatment of
renal stones in a horseshoe kidney. Res Rep Urol.
2020;12:127-131. doi:10.2147/RRU.S241007
Boissier R, et al. Evaluation of the effectiveness of
interventions on nephrolithiasis in transplanted
kidney. Eur Urol Focus. 2023 May;9(3):491-497.
doi:10.1016/j.euf.2022.11.019

Yayik AM, et al. Less painful ESWL with ultrasound-
guided quadratus lumborum block: a prospective
randomized controlled study. Scand ] Urol.
2019;53(6):424-428. doi:10.1080/21681805.201
9.1658636

Aldaher HS, Kadhim SZ, Al-Roub NM, Alsadi AH,
Salam DA, Tillo EA. Evaluating the understanding
aboutkidney stonesamongadultsinthe United Arab
Emirates. ) Taibah Univ Med Sci. 2021;16(5):765-
772. doi:10.1016/j.jtumed.2021.04.005
Basulto-Martinez M, et al. Technique for
supine percutaneous nephrolithotomy.  Urol
Video J. 2020;7:100042. doi:10.1016/j.
urolvj.2020.100042

McClinton S, et al. The clinical and cost
effectiveness of surgical interventions for stones
in the lower pole of the kidney: the percutaneous
nephrolithotomy, flexible ureterorenoscopy and
extracorporeal shockwave lithotripsy for lower
pole kidney stones randomised controlled trial
(PUrE RCT) protocol. Trials. 2020;21(1):479.
doi:10.1186/s13063-020-04326-x

Basnet RB, Shrestha A, Shrestha PM, Joshi BR.
Outcomes of percutaneous nephrolithotomy in
patients with previous ipsilateral open renal stone
surgery. ) Nepal Health Res Counc. 2020;18(2):234-
239. doi:10.33314/jnhrc.v18i2.2285

Kothari CR. Research methodology: methods
and techniques. 2nd ed. New Delhi: New Age
International  Publishers; 2004. doi:10.1017/
CBO9781107415324.004

Hazari A. Research methodology for allied
health professionals. Singapore: Springer; 2023.
doi:10.1007/978-981-99-8925-6

Willard CA. Statistical methods: an introduction to
basic statistical concepts and analysis. New York:
Routledge; 2020.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

Gao X, Fang Z, Lu C, Shen R, Dong H, Sun
Y. Management of staghorn stones in special
situations. Asian J Urol. 2020 Apr;7(2):130-138.
doi:10.1016/j.ajur.2019.12.014

Spinos T, Tatanis V, Seitz C, Liatsikos E, Kallidonis
P. Percutaneous nephrolithotomy versus other
treatments for stone management in horseshoe
kidneys: a systematic review. Arab ] Urol.
2024;22(4):243-252. doi:10.1080/20905998.202
4.2312699

Tzelves L, Geraghty RM, Somani BK, Hughes
T, Juliebw-Jones P. Innovations in kidney stone
removal. Res Rep Urol. 2023;15:135-144.
doi:10.2147/RRU.S386844

Jamil S, Ather MH. The impact of post-PCNL tube
type on blood loss and postoperative pain. Pak
) Med Sci. 2020;36(3):479-484. doi:10.12669/
pjms.36.3.1558

Chung K], et al. Changing trends in the treatment
of nephrolithiasis in the real world. J Endourol.
2019;33(3):248-253. doi:10.1089/end.2018.0667
Bellamy W. Management of kidney stones
for general practitioners: matching patient to
procedure. BJU Int.  2023;131(3):288-294.
doi:10.1111/bju.15951

Yilmaz S, Topcuoglu M, Demirel F. Evaluation
of factors affecting success rate in percutaneous
nephrolithotomy: a five-year experience. ] Urol
Surg. 2023;10(3):214-220. doi:10.4274/jus.
galenos.2023.2022.0068

Gitamak B, et al. Percutaneous nephrolithotomy in
children: 17 years of experience. ) Urol. 2016;195(4
Pt 1):1110-1115. doi:10.1016/j.juro.2015.11.070
Khan SA, Ali S, Valecha NK, Mujeeb A, Ali K, Shah
AH. Stone free success rate by using modified
Guy’s scoring system in patients undergoing
percutaneous nephrolithotomy. J Health Rehabil
Res. 2023;3(2):145-152. doi:10.61919/jhrr.
v3i2.236

BarutO, Demirkol MK. Evaluationoffactors affecting
the success of percutaneous nephrolithotomy in
kidney stones sized 2 cm and above. ] Surg Med.
2020;4(3):215-219. doi:10.28982/josam.700250

Haberal HB, et al. Outcomes of percutaneous
nephrolithotomy in preschool age group: a single-
center study. J Endourol. 2020;34(10):1021-1025.
doi:10.1089/end.2020.0087

Hoa TQ, Nguyet TTM, Van Anh NT, Linh LT, Duc
NM, Au HD. Evaluation of factors influenced on
the effectiveness of percutaneous nephrolithotomy.
Med Arch. 2024;78(1):33-38. doi:10.5455/
medarh.2024.78.33-38

Linal B, et al. Factors affecting complication rates
of percutaneous nephrolithotomy in children:
results of a multi-institutional retrospective
analysis by the Turkish Pediatric Urology Society.
) Urol. 2014;191(3):777-782. doi:10.1016/].
juro.2013.09.061

Karakesi A, et al. Comparison of retrograde

Mal ) Med Health Sci 22(SUPP9): 95-101, July 2026

30.

31.

32.

33.

34.

35.

36.

intrarenal surgery and percutaneous
nephrolithotomy for the treatment of renal stones
greater than 2 cm. Turk ] Urol. 2015;41(2):73-77.
doi:10.5152/tud.2015.97957

Guo Y, Si T, Zhang X. Analysis of factors
associated with severe bleeding after percutaneous
nephrolithotomy and evaluation of interventional
embolization efficacy in male patients. Zhonghua
Nei Ke Za Zhi. 2023;62(10):1185-1191.
doi:10.3760/cma.j.cn112138-20230618-00317
Jabrayilov H, Koparal MY, Gerocak S, Kbpeli
B, Tan MLL Factors affecting the success rate
of percutaneous nephrolithotomy in paediatric
patients. ] Clin Med. 2018;7(3):43. doi:10.3390/
jcm7030043

Poudyal S. Current insights on haemorrhagic
complications in percutaneous nephrolithotomy.
Asian ] Urol. 2022;9(1):34-42. doi:10.1016/j.
ajur.2021.05.007

Shoaib M, Bangash M, Salam B, Ather MH. The

37.

38.

39.

40.

versus open surgery for treatment of staghorn
stones in pediatric patients. Can Urol Assoc J.
2014;8(11-12):e800-e805. doi:10.5489/cuaj.1994
Zhang Y, et al. Outcomes of percutaneous
nephrolithotomy versus open stone surgery
for patients with staghorn calculi.  Urol
Sci. 2017,;28(2):87-91. doi:10.1016/j.
urols.2017.02.001

Piana A, et al. Kidney stones in renal transplant
recipients: a systematic review. Actas Urol
Esp. 2024;48(1):35-43. doi:10.1016/j.
acuro.2023.07.003

Yaseen WK. Postoperative sequelae of percutaneous
nephrolithotomy. Kidneys. 2023;12(3):145-150.
doi:10.22141/2307-1257.12.3.2023.414
Abouelgreed TA, et al. Safety and efficacy of
percutaneous  nephrolithotripsy in  comorbid
patients: a 3 vyears prospective observational
study. Arch ltal Urol Androl. 2023;95(3):11581.
doi:10.4081/aiua.2023.11581

correlation between STONE nephrolithometry  41. Zhou G, et al. The influencing factors of infectious
score and hemoglobin drop in patients undergoing complications after percutaneous nephrolithotomy:
percutaneous nephrolithotomy. Cureus. a systematic review and meta-analysis. Urolithiasis.
2020;12(11):e11430. doi:10.7759/cureus.11430 2023;51(1):45. doi:10.1007/s00240-022-01376-5
Zhao H, Li J, Li L, Wang H, Guo J, Miao Y.  42. Moslemi MK, Safari A. A huge left staghorn kidney,
Factors affecting transfusion during percutaneous a case report of inevitable open surgery: a case
nephrolithotomy: a retrospective study of 665 report. Cases J. 2009;2(9):8234. doi:10.4076/1757-
cases. Appl Bionics Biomech. 2022;2022:6775277. 1626-2-8234
doi:10.1155/2022/6775277 43. ChenY, etal. Percutaneous nephrolithotomy versus
Di Mauro D, La Rosa VL, Cimino S, Di Grazia E. open surgery for surgical treatment of patients
Clinical and psychological outcomes of patients with staghorn stones: a systematic review and
undergoing retrograde intrarenal surgery and meta-analysis. PLoS One. 2019;14(1):e0206810.
miniaturised percutaneous nephrolithotomy for doi:10.1371/journal.pone.0206810
kidney stones: a preliminary study. Arch ltal ~ 44. Mohammad S, Nourian A, Bahrami M. Open
Urol Androl. 2019;91(4):256-260. doi:10.4081/ surgery versus percutaneous nephrolithotomy for
aiua.2019.4.256 management of staghorn calculi. Am J Clin Exp
El-Nahas AR, et al. Percutaneous nephrolithotomy Urol. 2022;10(4):271-276.

Mal ) Med Health Sci 22(SUPP9): 95-101, July 2026 101



