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Abstract

Background: While tubeless Percutaneous Nephrolithotomy (PCNL)
is becoming more popular, there might still be doubt in performing it on
single kidney patients. This study is performed to assess outcomes and
complications of tubeless PCNL in patients with single kidney.
Methods: In this cross-sectional study, 134 single kidney patients
who underwent tubeless PCNL for renal stones, were assessed for
outcomes including stone-free rate, duration of operation, length of
hospital stay, changes in serum creatinine and hemoglobin levels,
bleeding, infectious complications, damage to adjacent organs, and
mortality. These outcomes were compared based on age, sex, history
of comorbidities, history of interventions for kidney stones and the
number of accesses during the operation.

Results: Mean duration of operation was 139.14 minutes. Mean length
of hospital stay was 2.59 days. In total, 11.9% of patients required
intraoperative blood transfusion and 3.7% required ICU admission
due to complications. The most common postoperative complications
included fever, hematuria and UTI. Initial stone-free rate after surgery
was 67.2% and two weeks later 76.9%. No mortality was reported.
Postoperative serum creatinine levels increased slightly in short term,
however, improved significantly in long-term. Comorbidities such as
diabetes mellitus, hypertension, ischemic heart disease, and chronic
kidney disease were associated with a higher incidence of minor and
major complications of tubeless PCNL and a lower rate of stone-free
rate.

Conclusion: Tubeless PCNL is a relatively safe, feasible and efficient
method with acceptable complications in single kidney patients.
Keywords: Percutaneous nephrolithotomy, Renal stones, Tubeless
PCNL, Single kidney
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Introduction

Urolithiasis in single kidneys presents a significant
management problem to endourologists, since any
damage to the kidney or its drainage can cause
significant complications (1,2). Repeated interventions
can ultimately lead to kidney replacement therapy (3).
Due to the absence of a functional opposite kidney,
hypertrophy and dilatation of the single kidney
occurs, which creates a higher risk of hemorrhagic
complications (4). Optimal treatment for renal stones in
patients with single kidney should be implemented with
caution. Considering the stone size and kidney function
in these patients, the invasiveness of PCNL should be
balanced with the success rate of Ureteroscopy (URS)
and Shock Wave Lithotripsy (SWL) (5).

Percutaneous Nephrolithotomy (PCNL) for single
kidney stones can be a significant operative challenge
(6). Although technically similar to PCNL in patients
with two viable kidneys, more cases are at risk in
case of perioperative complications (7). Possible
complications include uncontrollable bleeding
requiring embolization or even nephrectomy with
subsequent need for renal replacement therapy (8). In
addition, data on patient characteristics suggest that
patients with a solitary kidney have a higher ASA
(American Society of Anesthesiologists) score and are
therefore at greater risk of anesthetic complications (9).
Several randomized controlled trials and meta-
analyses evaluating the safety and efficacy of tubeless
PCNL have been published (10-12). A recent meta-
analysis by Xun et a/ (10) published in 2017, consisted
of 14 controlled clinical trials and 1148 patients. The
results showed that tubeless PCNL was significantly
associated with shorter hospital stay, faster time to
return to normal activity, lower postoperative pain
scores, decreased postoperative sedation requirements,
and decreased urinary leakage. At the same time, no
significant difference was reported in postoperative
hemoglobin reduction, stone-free rate, postoperative
fever, or need for blood transfusion.

Since there are no randomized controlled trials in this
group of patients, endourologists use their clinical
expertise and available resources to tailor the best
management plan for patients with a single kidney.
Moreover, due to the high importance of complications
and stone recurrence rates in patients with a single
kidney and despite high safety and cost-effectiveness
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of tubeless PCNL in the recent studies, the present
study was conducted to investigate the results of
tubeless PCNL in patients with single kidney.

Materials and Methods

In this retrospective study, patients with single kidney
who underwent tubeless PCNL at Hasheminejad
Kidney Center in Tehran between 2016 to 2021 were
included. Sampling was performed by available census
method.

Demographic data, patient history such as underlying
diseases [Diabetes Mellitus (DM), high blood pressure
(HTN), cardiovascular diseases, Chronic Kidney
Diseases (CKD)], smoking state (lifetime smoking >100
cigarettes), opium use disorder (according to DSM-5
criteria), single kidney cause (nephrectomy, agenesis,
etc.), accompanying kidney disorders, history of
interventional procedures for the treatment of kidney
stones, side of stone (left or right), the type of position
of patients during the operation (prone or supine), the
type of stone (staghorn or simple) and the size of stone
were extracted from patients’ records.

All surgeries were performed by endourology fellows
under direct supervision of the attending. 18-gauge
needle was used for puncture (s) under fluoroscopic
guidance. The tract was then dilated by coaxial dilation
to 12F followed by one-shot dilatation to place the 28F
Amplatz sheath. Then rigid nephroscope was inserted
and pneumatic lithotripter was used to break the stones.
After stone removal, 4.8F double J stent was placed in
all the patients but no nephrostomy was used.

The results of tubeless PCNL surgery including
success rate (i.e, stone-free rate immediately after
surgery and 2 weeks later by using sonography plus
plain radiography, and stones less than 4 mm were
considered insignificant); duration of operation;
duration of hospitalization; intensity of pain based
on the Visual Analogue Scale (VAS); and changes
in serum creatinine level, Glomerular Filtration Rate
(GFR) (using Cockcroft-Gault equation), and serum
hemoglobin before and after the operation were
assessed. Also, complications of PCNL tubeless
surgery including the need for blood transfusion,
hospitalization in the intensive care unit, fever,
hematuria, Urinary Tract Infection (UTI), damage
to adjacent organs consisting of colon, spleen, liver,
pleura, infection, bleeding, urinary leakage, and
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mortality rate were investigated.

Data analysis

Data were entered into SPSS version 25 software
(IBM Corp, Armonk, New York, USA) and analyzed.
Mean and standard deviation were used to express
quantitative findings and frequency and percentage
for qualitative ones. Kolmogorov-Smirnov test was
utilized to check normal distribution of quantitative
data. Spearman, repeated measures ANOVA, Mann-
Whitney, Chi square and Fisher’s exact tests were
used to analyze the data. P below 0.05 was considered
statistically significant.

Ethical considerations

The researchers were committed to the Helsinki
Convention in all stages, and the participants’
information was used without revealing their
1dentities. Also, a written consent form was obtained
from all the patients and no additional costs were
imposed on them. Also, they had the right to withdraw
from the study at any time without affecting their

medical care.

Results

Descriptive analyses

In total, 134 patients with single kidney who
underwent tubeless PCNL entered the study. Mean

age of the patients was 48.92 = 11.44 years (13 to
76 years). 101 patients (75.4%) were males. Baseline
demographic characteristics of the study participants
are presented in table 1.

123 patients (91.8%) had functional single kidney
while 11 patients (8.2%) had anatomical one. The
side of kidney stone was right in 85 patients (63.4%)
and left in 49 (36.6%). The mean + SD stone size was
3.81 £ 1.18 ¢m (2 to 8 cm). The most common sites
of stones were pelvis (23.9%), lower calyx (16.4%),
multiple calyces (14.9%), lower calyx and pelvis
(14.2%), and middle calyx and pelvis (13.4%). In
96.3% of the patients, the stone was radiopaque.

To perform PCNL surgery, one access was created in
119 patients (88.8%) and two accesses in 15 patients
(11.2%). In 117 patients (87.3%) subcostal access, in
2 (1.5 percent) intercostal access and in 15 (11.2%)
both accesses were used. Operation characteristics
and complications are depicted in table 2. Modified
Clavien-Dindo grade 1 complication was observed in
63 patients (47%), grade 2 in 26 patients (19%), and
grade 4 in 5 patients (3.7%).

Statistical analysis

Spearman test demonstrated a direct and significant
relationship between age and post-op pain (r=0.175,
p=0.043) as well as age and serum creatinine changes

(r=0.175, p=0.043). Moreover, Mann-Whitney

Table 1. Characteristics of single kidney patients who underwent tubeless PCNL

Variable Value

Age, year (MeantSD)
BMI, kg/m? (MeanSD)
Male

Gender, n (%)
Female

Type 2 diabetes mellitus

High blood pressure

Underlying diseases, n (%)

Ischemic heart disease

Chronic kidney disease

Cigarette smoking, n (%)

Opium addiction, n (%)

48.92+11.44
26.90+2.25
101 (75.4%)
33 (24.6%)
22 (16.4%)
55 (41%)
21 (15.7%)
10 (7.5%)
54 (40.3%)

15 (11.2%)
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Table 2. Operation characteristics and complications of single kidney patients who underwent tubeless PCNL

Variables Mean SD
Operation duration, min 139.14 27.51
Hospitalization, day 2.59 1.12
Post-op pain, VAS 1.77 1.41
Frequency Percentage
Hematuria 36 26.9%
Fever 42 31.3%
Clavien-Dindo Grade 1
Wound site leakage 3 2.2%
Urinoma 1 0.7%
Intraoperative blood transfusion 16 11.9%
Clavien-Dindo Grade 2
UTI 16 11.9%
Lung emboli 1 0.7%
Clavien-Dindo Grade 4
ICU admit 5 3.7%

Visual Analogue Scale (VAS).

test showed a significant difference between men
and women in terms of mean of operation duration
(142.57£26.66  vs. 127.64+27.81, respectively,
p=0.007) and hemoglobin changes (2.76+£1.78 vs.
2.07£1.12, p=0.029). Furthermore,
Mann-Whitney test showed that there was a higher
operation duration, length of hospitalization and pain
intensity between patients with and without DM
(153.18+28.18 vs. 136.22+26.70, p=0.010,3.77+1.11 vs.
2.36+0.98, p<0.001, 2.95+1.49 vs. 1.52+1.28, p<0.001,
respectively), CKD (158.00+£29.55 vs. 137.72+26.79,
p=0.027,4.50=1.58 vs. 2.44 +0.93, p<0.001, 3.40 £ 1.89
vs. 1.64+1.30, p=0.003, respectively), opium addiction
(159.67+18.84 vs. 136.55+27.40, p=0.001, 3.47+1.12
vs. 248+1.08, p<0.001, 3.93£1.48 wvs. 1.50£1.15,
p<0.001, respectively), previous PCNL history
(151.75426.91 wvs. 136.93+£27.13, p=0.009, 3.725+1.20
vs. 2.47£1.07,p<0.001, 2.55+1.63 vs. 1.63+1.33, p=.010,
respectively) and HTN (147.45+£26.95 vs. 133.354+26.55,
p=0.001, 3.04+1.42 vs. 2.2840.71, p<0.001, 2.24+1.53
vs. 1.44+1.28, p=0.001, respectively).

Moreover, Mann-Whitney test indicated higher
operation duration and pain intensity in smokers
(145.09+22.78 vs. 135.13+£29.75, p=0.009, 2.24+1.60
vs. 1.45+1.19, p=0.002, respectively). Furthermore,
patients who needed two access sites had significantly
higher operation duration (166.67+35.89 vs.

respectively,
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135.674£24.32, respectively, p=0.001), hospitalization
(3.73£1.16 wvs. 2.45+1.03, respectively, p<0.001),
post-op pain (3.73£1.15 vs. 1.56%1.12, respectively,
p<0.001), perioperative blood transfusion (53.3 wvs.
6.7%, respectively, p<0.001), fever (73.3 vs. 26.1%,
respectively, p<0.001), hematuria (73.3 vs. 21%
respectively, p<0.001), UTI incidence (33.3% vs.
9.2%, respectively, p=0.007), SFR at first post-
operation day (13.3 vs. 76.5%, respectively, p<0.001)
and two weeks later (20 vs. 84%, respectively,
p<0.001) in comparison with patients with one
access site. Hemoglobin changes were significantly
more prominent in patients with functional single
kidney compared to anatomical ones (2.68+1.68 vs.
1.57£1.11, respectively, p=0.024).

In addition, Spearman test showed a significant
relationship between stone size and the duration of
operation (r=0.405, p<0.001), stone size and hospital
stay (r=0.371, p<0.001) and stone size and patients’
pain scores (1=0.462), p<0.001).

In this study, serum creatinine and GFR were measured
at three checkpoints, before and immediately after
PCNL surgery (post operation day 1), and at the
last follow-up (two months after the operation),
and serum hemoglobin was measured twice before
and immediately after PCNL surgery. The results
of the repeated measures of ANOVA test indicated
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that postoperative serum creatinine levels increased
slightly in short term, however, improved significantly
in long-term (p<0.001). Serum Creatinine level and
GFR changes are shown in figures 1 and 2.

Discussion

One of the most challenging issues in urology is
treatment of renal stones in patients with single kidney.
Untreated stones are likely to diminish renal function
and cause life-threatening sepsis (13). According
to AUA guidelines, PCNL is characterized by an
SFR of 74 to 83%, a transfusion requirement rate of
14 to 24%, an acute complication rate of 15%, and
an additional treatment rate of 18% (14). Although
standard PCNL is a known safe and effective treatment
for renal stones, it can be associated with significant
complications such as uncontrolled bleeding, sepsis,
damage to the urinary collection system and adjacent
viscera, and even kidney loss. Transfusion rates have
been reported from 0.8 to 45% (15). In an effort to
shorten hospital stay and reduce postoperative pain,

the use of smaller caliber nephrostomy tubes (16,17)
and tubeless PCNL have been evaluated by several
groups (11).

Bellman et al studied tubeless PCNL in a selected group
of patients who underwent antegrade endopyelotomy
(18). After this report, several other investigators
confirmed that tubeless PCNL resulted in shorter
hospital stay and less postoperative pain (19,20)
and lower expenses were compared to nephrostomy
tube drainage (18,21). While most studies have used
ureteral stents in patients undergoing tubeless PCNL,
other investigators have recommended a “completely
tubeless” approach (8,22).

The average length of operation and length of hospital
stay in our study were 140 minutes and 2.5 days,
respectively. In similar studies, the average operation
time ranged from 65 to 138 minutes and the average
length of hospital stay was 2 to 5.6 days (9,23-25).

In our study, the average postoperative pain was 1.77
based on the VAS scale. In Bhat et al’s study (25),
the pain score of patients in standard, tubeless and

before PCNL

after PCNL

last follow-up

Serum Creatinine (mg/dl)

Figure 1. Mean serum Creatinine level of single kidney patients who underwent tubeless PCNL at three study points.

7400

7200
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before PCNL after PCNL
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Figure 2. Mean GFR of single kidney patients who underwent tubeless PCNL at three study checkpoints.
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completely tubeless PCNL techniques were reported
as 6.64, 4.76 and 3.04, respectively, which showed a
significant decrease in tubeless approach compared
to the standard one. Besides, in Marchant et al’s
study (26), although the VAS score on the first day
was not different between the standard and tubeless
methods, the scores on the second and third days were
significantly lower in the tubeless group.

Examining the complications of tubeless PCNL in our
study revealed that 11.9% of the patients needed blood
transfusion and 3.7% needed hospitalization in ICU.
In other studies, transfusion rates varied from 4.6 to
18.5% (9,24,27). In the study of Agrawal et al (28), in
both standard and tubeless PCNL methods, no blood
transfusion was needed. In Bhat et al’s study (25),
the rate of blood transfusion in tubeless methods was
reported to be twice than that of the standard method
(4 vs. 8%)).

In our study, the frequency of other postoperative
complications, including fever, hematuria, UTI,
urinary leakage, urinoma, and pulmonary embolism,
were reported as 31.3, 26.9, 11.9, 2.2, 0.7, and
0.7%, respectively. Moreover, wound site infection
and bleeding from the wound site, intra-abdominal
viscera damage, sepsis, AV fistula, pseudoaneurysm,
hemothorax and pneumothorax were not observed.
In the meta-analysis by Chen et a/, tubeless PCNL
was not associated with a significant reduction in
fever recurrence (29). In another meta-analysis, there
was no statistically significant difference between
tubeless PCNL and standard PCNL regarding the
rate of fever (30).

Examining
showed a significant decrease in the amount of
serum hemoglobin after surgery. El-Tabey et al (31)
demonstrated that single kidney is an important risk
factor for bleeding, as compensatory hypertrophy
of the renal parenchyma is a physiological response
to the single kidney. Uncontrolled bleeding may
require angioembolization or even nephrectomy (32).
However, in our study, no significant bleeding occurred
and none of the patients required angioembolization.
There is a debate on whether PCNL has a potential
effect on single kidney function. Streem et al/ (33)
reported that serum creatinine was not different in
one month in patients who underwent single kidney
PCNL. Furthermore, Canes et al (34) reported

laboratory changes in our patients
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that renal function was preserved or even slightly
improved and GFR levels were significantly increased
one year after PCNL. In Huang’s study (35), a
significant improvement in serum creatinine and GFR
was observed from preoperative period to one month
follow-up. In the current study, a slight increase in
serum creatinine level was found on the first day
after the operation compared to the values before the
operation. However, longer follow-up showed that
creatinine level and GFR returned to normal, and then
significantly improved following tubeless PCNL.

In our study, the SFR of patients immediately after
the operation and 2 weeks later were 67.2 and 76.9%,
respectively. Mortality rate of the patients was nil.
In other studies, regarding the outcomes of standard
PCNL on single kidneys, the lowest and highest initial
SFR had been reported as 65.4% (9) and 91.3% (8).
Considering the comparison of SFR between standard
and tubeless PCNL, in one meta-analysis (29), there
was no difference in SFR between the two methods,
while in another meta-analysis (30), the results showed
that tubeless PCNL was slightly superior to standard
PCNL in terms of SFR.

Other results of our study revealed that presence of
comorbidities such as DM, HTN, ischemic heart
disease and CKD were not only associated with more
minor and major complications of tubeless PCNL.
In contrast, smoking did not appear as a risk factor
for increased complications and decreased SFR,
however, opiate users showed higher rates of operative
complications and lower rates of SFR. In the study
conducted by Yuan et a/ (30), variables considered as
risk factors for infectious complications after PCNL
included female gender, stone size, and DM. Stone size
is a risk factor that has been extensively described in
several studies (36,37). Other studies pointed to DM as
a risk factor for post-operative complications (38,39).
It is well known that DM involves immunosuppression
and is known as a risk factor for developing recurrent
urinary tract infections (40). Du ef al (41) reported a
higher risk of severe bleeding after PCNL in patients
with DM, while another study (42) showed a contrary
finding.

On the other hand, our study demonstrated that
with an increase in the number of access routes, the
incidence of complications including intraoperative
bleeding and hematuria and infectious complications
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such as fever and UTI increased. Besides, an
increase in the number of accesses was associated
with a decrease in the operation success and SFR
rate. Nevertheless, Hegarty and colleagues reported
similar complication rates for single-tract and multi-
tract accesses (43)They stated that multipuncture was
not a significant factor for predicting grade Illa and
higher complications (43). In other investigations,
the number of tracts had no significant effect on the
complications of staghorn stones or in pediatrics
(44,45). However, Netto et al reported a higher
complication rate for multiple accesses compared to
accesses of the upper pole and lower/middle calyces
in staghorn stones (46). In another study, multiple
tracts predicted higher complications in the modified
Clavien-Dindo system. Most of the complications in
this study were related to vascular events, bleeding
and blood transfusions (47). It might be concluded
that multitract approach is associated with increased
blood loss and transfusion (48).

Our study had some limitations. The first and the most
important one was its descriptive nature. The absence
of a control group in this study, which could include
the use of PCNL in patients with single kidney, the
use of tubeless PCNL in patients with normal kidneys,
or both, make the generalization power of our study
limited. On the other hand, one of the advantages of this
study was the relatively suitable number of samples

References

and a thorough investigation of complications as well
as initial and final assessment of SFR in patients.

Conclusion

Tubeless PCNL was a relatively safe, feasible and
efficient method with satisfactory SFR and acceptable
complications in the management of renal stones in
patients with single kidney. Renal function in most
patients undergoing tubeless PCNL with a single
kidney deteriorated slightly in short-term follow-up,
but improved significantly in long-term follow-up.
Therefore, it is recommended to use this method
along with a control group, to more closely examine
the effectiveness and safety of tubeless PCNL in this
group of patients.

Acknowledgements

This study was approved by the ethics committee of
Iran University of Medical Sciences, Tehran, Iran
(Code: ir.iums.smd.rec.1400.143).

Disclosure
None.

Funding and support

This study was supported by Iran University of
Medical Sciences as part of a thesis to obtain specialty
degree in urology.

1. Alexander RT, Hemmelgarn BR, Wiebe N, Bello A, Morgan C, Samuel S, et al. Kidney stones and kidney function

loss: a cohort study. BMJ 2012; 345: €5287.

2. Turk C, Petfik A, Sarica K, Seitz C, Skolarikos A, Straub M, et al. EAU guidelines on diagnosis and conservative
management of urolithiasis. Europ Urol 2016 Mar 1;69(3):468-74.

3. Jones P, Rai BP, Ghosh A, Somani BK. Ureteroscopy for stones in solitary kidney: preferred not just a standard

option. Central Eur J Urol 2016;69(3):314.

4. Bres-Niewada E. Solitary kidney-a clinical challenge for endourologist. Central Eur J Urol 2016;69(1):96.

5. Ghosh A, Oliver R, Way C, White L, Somani BK. Results of day-case ureterorenoscopy (DC-URS) for stone
disease: prospective outcomes over 4.5 years. World J Urol 2017 Nov;35:1757-64.

6. Ghadian A, Einollahi B, Ebrahimi M, Javanbakht M, Asadi M, Kazemi R. Renal function markers in single-kidney

patients after percutaneous nephrolithotomy: a pilot study. J Res Med Sci 2022;27.

Volume 6 m Number 4 m Autumn 2023

foyNanor

& TIINNOT V210N NYINYI

(%



joyNanor

2 TIINNOT TV:II0IN NYINYYI

o)}

Outcome of Tubeless Percutaneous Nephrolithotomy in Patients with Single Kidney

7.BasiriA, Shabaninia S, Mir A, Soltani MH. The safety and efficacy of percutaneous nephrolithotomy for management
of large renal stones in single-versus double-functioning kidney patients. J Endourol 2012 Mar 1;26(3):235-8.

8. Hosseini MM, Yousefi A, Hassanpour A, Jahanbini S, Zaki-Abbasi M. Percutaneous nephrolithotomy in solitary
kidneys: experience with 412 cases from Southern Iran. Urolithiasis 2015 Jun;43:233-6.

9. Bucuras V, Gopalakrishnam G, Wolf Jr JS, Sun Y, Bianchi G, Erdogru T, et al. The clinical research office of the
endourological society percutaneous nephrolithotomy global study: nephrolithotomy in 189 patients with solitary
kidneys. J Endourol 2012 Apr 1;26(4):336-41.

10. Xun'Y, Wang Q, Hu H, Lu Y, Zhang J, Qin B, et al. Tubeless versus standard percutaneous nephrolithotomy: an
update meta-analysis. BMC Erol 2017 Dec;17(1):1-7.

11.Ni S, Qiyin C, Tao W, Liu L, Jiang H, Hu H, et al. Tubeless percutaneous nephrolithotomy is associated with less
pain and shorter hospitalization compared with standard or small bore drainage: a meta-analysis of randomized,
controlled trials. Urology 2011 Jun 1;77(6):1293-8.

12. Jiang H, Huang D, Yao S, Liu S. Improving drainage after percutaneous nephrolithotomy based on health-related
quality of life: a prospective randomized study. J Endourol 2017 Nov 1;31(11):1131-8.

13. Pearle MS. AUA guideline on management of staghorn calculi: diagnosis and treatment recommendations.
Official J Braz Society Urol 2005 May;31(3):271-.

14. Stoller ML, Wolf Jr JS, Lezin MA. Estimated blood loss and transfusion rates associated with percutaneous
nephrolithotomy. J Urol 1994 Dec 1;152(6):1977-81.

15. Jackman SV, Docimo SG, Cadeddu JA, Bishoff JT, Kavoussi LR, Jarrett TW. The “mini-perc” technique: a less
invasive alternative to percutaneous nephrolithotomy. World J Urol 1998 Dec;16:371-4.

16. Soylemez H, Bozkurt Y. Comparison of nephrostomy drainage types. Re: comparison of nephrostomy drainage
types following percutaneous nephrolithotomy requiring multiple tracts: single tube versus multiple tubes versus
tubeless Urol Int 2011; 87: 23-7.

17. Amer T, Ahmed K, Bultitude M, Khan S, Kumar P, De Rosa A, et al. Standard versus tubeless percutaneous
nephrolithotomy: a systematic review. Urologia Int 2012;88(4):373-82.

18. Bellman GC, Davidoff R, Candela J, Gerspach J, Kurtz S, Stout L. Tubeless percutaneous renal surgery. J
Urology 1997 May;157(5):1578-82.

19. Agrawal MS, Agrawal M, Gupta A, Bansal S, Yadav A, Goyal J. A randomized comparison of tubeless and
standard percutaneous nephrolithotomy. J Endourol 2008 Mar 1;22(3):439-42.

20. Feng MI, Tamaddon K, Mikhail A, Kaptein JS, Bellman GC. Prospective randomized study of various techniques
of percutaneous nephrolithotomy. Urology 2001 Sep 1;58(3):345-50.

21. Goktug HN, Yesil S, Ozturk U, Tuygun C, Imamoglu MA. Totally tubeless percutaneous nephrolithotomy: selecting
for success in children. Adv Clin Exp Med 2013 Jul 1;22(4):565-70.

22. Yun SI, Lee YH, Kim JS, Cho SR, Kim BS, Kwon JB. Comparative study between standard and totally tubeless
percutaneous nephrolithotomy. Korean J Urol 2012 Nov 1;53(11):785-9.

23. Torricelli F, Padovani GP, Marchini GS, Vicentini FC, Danilovic A, Reis ST, et al. Percutaneous nephrolithotomy
in patients with solitary kidney: a critical outcome analysis. Int Braz J Urol 2015 May;41:496-502.

24. Srivastava A, Singh U, Sureka S, Madhavan K, Raj A, Ansari M, et al. Safety and outcome of percutaneous
nephrolithotomy in patients with solitary kidney: a tertiary care center experience. Indian J Urol 2019;35(4):287.

25. Bhat S, Lal J, Paul F. A randomized controlled study comparing the standard, tubeless, and totally tubeless
percutaneous nephrolithotomy procedures for renal stones from a tertiary care hospital. Indian J Urol 2017
Oct;33(4):310.

26. Marchant F, Recabal P, Fernandez M, Osorio F, Benavides J. Postoperative morbidity of tubeless versus

Volume 6 m Number 4 m Autumn 2023



Salasi M, et al

conventional percutaneous nephrolithotomy: a prospective comparative study. Urol Res 2011 Dec;39:477-81.

27. Haberal HB, Citamak B, Bozaci AC, Yazici MS, Aki FT, Bilen CY. Percutaneous nephrolithotomy in solitary
kidneys: 17 years of experience. Urology 2017 Nov 1;109:55-9.

28. Agrawal MS, Sharma M, Agarwal K. Tubeless percutaneous nephrolithotomy using antegrade tether: a
randomized study. J Endourology 2014 Jun 1;28(6):644-8.

29. Chen ZJ, Yan YJ, Zhou JJ. Comparison of tubeless percutaneous nephrolithotomy and standard percutaneous
nephrolithotomy for kidney stones: a meta-analysis of randomized trials. Asian J Surg 2020 Jan 1;43(1):60-8.

30.YuanH, Zheng S, Liu L, Han P, Wang J, Wei Q. The efficacy and safety of tubeless percutaneous nephrolithotomy:
a systematic review and meta-analysis. Urol Res 2011 Oct;39:401-10.

31. El-Tabey NA, El-Nahas AR, Eraky |, Shoma AM, EI-Assmy AM, Soliman SA, et al. Long-term functional outcome
of percutaneous nephrolithotomy in solitary kidney. Urology 2014 May 1;83(5):1011-5.

32. Kessaris DN, Bellman GC, Pardalidis NP, Smith AG. Management of hemorrhage after percutaneous renal
surgery. J Urol 1995 Mar;153(3):604-8.

33. Streem SB, Zelch MG, Risius B, Geisinger MA. Percutaneous extraction of renal calculi in patients with solitary
kidneys. Urology 1986 Mar 1;27(3):247-52.

34. Canes D, Hegarty NJ, Kamoi K, Haber GP, Berger A, Aron M. Functional outcomes following percutaneous
surgery in the solitary kidney. J Urol 2009 Jan 1;181(1):154-60.

35. Huang Z, Fu F, Zhong Z, Zhang L, Xu R, Zhao X. Chinese minimally invasive percutaneous nephrolithotomy for
intrarenal stones in patients with solitary kidney: a single-center experience. PloS One 2012 Jul 10;7(7):e40577.
36. Rivera M, Viers B, Cockerill P, Agarwal D, Mehta R, Krambeck A. Pre-and postoperative predictors of infection-
related complications in patients undergoing percutaneous nephrolithotomy. J Endourol 2016 Sep 1;30(9):982-6.
37. Koras O, Bozkurt IH, Yonguc T, Degirmenci T, Arslan B, Gunlusoy B, et al. Risk factors for postoperative infectious
complications following percutaneous nephrolithotomy: a prospective clinical study. Urolithiasis 2015 Feb;43:55-60.
38. Gutierrez J, Smith A, Geavlete P, Shah H, Kural AR, de Sio M, et al. Urinary tract infections and post-operative
fever in percutaneous nephrolithotomy. World J Urol 2013 Oct;31:1135-40.

39. Liu C, Zhang X, Liu Y, Wang P. Prevention and treatment of septic shock following mini-percutaneous
nephrolithotomy: a single-center retrospective study of 834 cases. World J Urology 2013 Dec;31:1593-7.

40. Ronald A, Ludwig E. Urinary tract infections in adults with diabetes. Int J Antimicrob Agents 2001 Apr
1;17(4):287-92.
41. Du N, Ma JQ, Luo JJ, Liu QX, Zhang ZH, Yang MJ, et al. The efficacy and safety of transcatheter arterial

embolization to treat renal hemorrhage after percutaneous nephrolithotomy. Biomed Res Int 2019 Apr 22;2019.

42. Arora AM, Pawar PW, Tamhankar AS, Sawant AS, Mundhe ST, Patil SR. Predictors for severe hemorrhage
requiring angioembolization post percutaneous nephrolithotomy: a single-center experience over 3 years. Urology
Annals 2019 Apr;11(2):180.

43. Hegarty NJ, Desai MM. Percutaneous nephrolithotomy requiring multiple tracts: comparison of morbidity with
single-tract procedures. J Endourol 2006 Oct 1;20(10):753-60.

44. El-Nahas AR, Eraky |, Shokeir AA, Shoma AM, El-Assmy AM, El-Tabey NA, et al. Factors affecting stone-free
rate and complications of percutaneous nephrolithotomy for treatment of staghorn stone. Urology 2012 Jun
1;79(6):1236-41.

45.Onal B, Dogan HS, Satar N, Bilen CY, Giines A, Ozden E, et al. Factors affecting complication rates of percutaneous
nephrolithotomy in children: results of a multi-institutional retrospective analysis by the Turkish pediatric urology
society. J Urol 2014 Mar;191(3):777-82.

Volume 6 m Number 4 m Autumn 2023

foyNanor

& TIINNOJ V210N NYINYI

~



juTyNynor

2 TIINNOJ TVII0IN NYINYVAI

o

Outcome of Tubeless Percutaneous Nephrolithotomy in Patients with Single Kidney

46. Netto Jr NR, lkonomidis J, Ikari O, Claro JA. Comparative study of percutaneous access for staghorn calculi.
Urology 2005 Apr 1;65(4):659-62.

47. Falahatkar S, Moghaddam KG, Kazemnezhad E, Farzan A, Aval HB, Ghasemi A, et al. Factors affecting
complications according to the modified Clavien classification in complete supine percutaneous nephrolithotomy.
Can Urol Assoc J 2015 Jan;9(1-2):e83.

48. Akman T, Binbay M, Sari E, Yuruk E, Tepeler A, Akcay M, et al. Factors affecting bleeding during percutaneous
nephrolithotomy: single surgeon experience. J Endourology 2011 Feb 1;25(2):327-33.

Volume 6 m Number 4 m Autumn 2023



