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ABSTRACT Objective: As surgeons in the early years of post-resi-
dency training, we aimed to share the clinical outcomes, safety, and ef-
ficacy of the entry method we implemented using ultrasound and
fluoroscopy together in supine mini percutaneous nephrolithotomy
(PNL) surgeries. Material and Methods: Between November 2022
and April 2024, 20 patients who underwent supine mini PNL with a
combined entry method using ultrasonography and fluoroscopy were
retrospectively evaluated. The imaging, laboratory, and surgical data
of patients operated on by urologists in their early years following spe-
cialty training were collected. The demographic characteristics, age,
gender, side of surgery, operative time, blood transfusion, length of
hospital stay, complications, preoperative stone volumes, decrease in
hemoglobin levels on postoperative day 1, stone removal rates, fluo-
roscopy times, total fluoroscopy doses, and complications were ana-
lyzed. Results: A total of 20 patients, including 12 men and 8 women,
underwent supine mini PNL. The mean operative time was 64+14.33
minutes. Entry was successfully achieved in all patients using ultra-
sound and fluoroscopy guidance. No significant bleeding or organ in-
jury related to the entry was observed. The stone-free rate determined
by comparing preoperative and postoperative imaging was
87.6%+13.68%. The mean fluoroscopy duration was 65.8+22.4 sec-
onds. According to the Clavien complication classification, Grade 1
complications were observed in 4 patients, Grade 2 in 4 patients, and
Grade 3A in | patient. Conclusion: In conclusion, based on our expe-
rience, we believe that the combined use of ultrasound and fluoroscopy
in supine mini PNL surgeries provides a safe, straightforward approach
with low radiation exposure.
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OZET Amac: Uzmanlik egitimi sonrasi ilk yillarindaki cerrahlar ola-
rak supin mini perkiitan nefrolitotomi (PNL) cerrahisinde ultrason ve
floroskopiyi birlikte kullanarak uyguladigimiz giris yénteminin klinik
sonuglarini, giivenirligini ve etkinligini paylagsmay1 amagladik. Gereg
ve Yontemler: Kasim 2022-Nisan 2024 tarihleri arasinda ultrasono-
grafi ve floroskopi birlikteliginde kombine giris yontemi uygulanarak
supin mini PNL uygulanan 20 hasta retrospektif olarak degerlendirildi.
Uzmanlik egitimi sonras1 yeni uzman iirologlar tarafindan yapilan cer-
rahilerdeki hastalarin gériintiileme, laboratuvar ve cerrahi 6zellik ka-
yitlart toplandi. Hastalarin demografik 6zellikleri, yas, cinsiyet, taraf,
operasyon siiresi, kan transfiizyonu, hastanede yatis siiresi, komplikas-
yonlari, preop tas biiyiikliikleri, postop 1. giinde hemoglobindeki diisiis,
taslarin alinma oranlari, floroskopi siireleri, toplam floroskopi dozlart
ve komplikasyonlar incelendi. Bulgular: 12 erkek 8 kadin olmak iizere
toplam 20 hastaya supin mini PNL yapildi. Ortalama operasyon siiresi
64+14,33 dk idi. Tiim hastalara ultrasonografi ve floroskopi esliginde
giris yapildi. Girise bagli ciddi bir kanama veya organ hasar1 saptan-
madi. Taslarin preop ve postop goriintiilemelerle karsilastirilmasiyla
saptanan taglarin digar1 alinma oranlar1 ise %87,6+13,68 olarak sap-
tandi. Ortalama floroskopi kullanim siiresi 65,8+22,4 sn saptandi. Cla-
vien komplikasyon siniflamasina gore 4 hastada Derece 1, 4 hastada
Derece 2 ve 1 hastada Derece 3A komplikasyon saptandi. Sonug:
Sonug olarak baslangi¢ deneyimlerimize gore supin mini PNL cerrahi-
lerinde ultrasonografi ile floroskopinin kombine kullanimi ile yapilan
girisin; gilivenli, kolay ve diisiik radyasyon maruziyetli oldugunu dii-
stinmekteyiz.
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Approximately 10% of the world population ex-
periences complaints related to kidney stones. Nowa-
days, minimally invasive surgeries have replaced
open surgeries for kidney stones. Percutaneous
nephrolithotomy (PNL) has established itself as the
primary recommended surgical method, especially
for stones larger than 2 cm.! Supine mini can be ef-
fectively performed in elderly patients, those with
spinal deformities, obese individuals, and pediatric
patients. It offers several advantages, such as lower
intrarenal pressure, easier positioning, fewer anes-
thesia-related complications, and easier stone extrac-
tion through negative pressure. Its popularity
worldwide has increased, particularly due to the ease
of positioning it provides for performing endoscopic
combined retrograde intrarenal surgeries.>*

In PNL, achieving an effective and safe access is
considered the first and perhaps the most critical step
of the procedure. A successful access also requires
an effective and safe entry method. Various techniques
for renal access have been described in the literature.
These techniques use fluoroscopy, ultrasonography, or
computed tomography, either individually or in com-
bination. Among these, the most commonly employed
method is access via fluoroscopy in a biplanar ap-
proach. However, this technique involves the use of
fluoroscopy in two planes, leading to higher radiation
exposure compared to ultrasonographic methods. Ad-
ditionally, with this approach, the entry site is not
evaluated using fluoroscopy beforehand to assess
neighboring organs.*¢

The ultrasonographic entry method minimizes
radiation exposure, thereby avoiding the long-term
complications associated with radiation. By using
ultrasonography to evaluate organs such as the liver,
spleen, intestines, gallbladder, and pleura, the risk
of injury to adjacent organs is significantly reduced.
Ultrasonography is particularly valuable because it
provides
parenchymal thickness, and the position of calyces,

information about kidney structure,

and it is more effective for assessing renal anomalies
like horseshoe kidneys. Additionally, the use of
Doppler ultrasound is advantageous in preventing
vascular injuries, enabling the differentiation of seg-
mental arteries, and thereby reducing the risk of
bleeding.” However, in the ultrasound-assisted entry
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and access method, disadvantages include difficulty
in tracking the needle with ultrasound, a longer learn-
ing curve, and less clear differentiation during access
compared to fluoroscopy.®

In the combined method we use, we aimed to in-
tegrate the experience gained by newly specialized
urologists with ultrasonography, which they routinely
use, and their familiarity with fluoroscopy in percu-
taneous surgeries. Our goal was to leverage the ad-
vantages of ultrasonography both before and during
the access, while using fluoroscopy in only one plane
to make the access more effective and minimize ra-
diation exposure. In this study, we aimed to share the
entry method and initial clinical outcomes we used
in supine PNL surgery.

I MATERIAL AND METHODS

Ethical committee approval was first obtained from
the Aksaray University Health Sciences Scientific
Research Ethics Committee with decision number
2024/120 (date: November 7, 2024) and the princi-
ples of the Helsinki Declaration 2008 have been fol-
lowed. Between November 2022 and April 2024, 20
supine mini PNL surgeries performed at Aksaray
Training and Research Hospital were retrospectively
evaluated. The medical histories, preoperative com-
puted tomography images, surgical details, and hos-
pitalization characteristics of all patients were
assessed. Preoperative routine hemogram, biochem-
istry, and coagulation tests were performed, and pa-
tients were consulted with anesthesiology. Sterility
was ensured in the patients’ urine cultures. The study
included patients who underwent supine mini PNL
surgeries using a combined access method with ul-
trasonography and fluoroscopy. All surgeries were
performed by surgeons in the first two years of their
mandatory service, after completing their specialty
training. The demographic characteristics of the pa-
tients, including age, gender, side, operation duration,
blood transfusion, length of hospital stay, complica-
tions, preoperative stone volume postoperative
hemoglobin drop on day 1, stone removal rates, flu-
oroscopy times, and total fluoroscopy doses were re-
viewed. Postoperative complications were classified
according to the validated Clavien classification for
PNL.?



Ahmet Yildirnm BALIK et al.

J Reconstr Urol. 2024;14(3):95-101

The preoperative (preop) and postoperative
(postop) stone volumes of the patients were calcu-
lated in mm? by multiplying the longest axis of the
stone by the largest perpendicular dimension. For pa-
tients with multiple stones, the stone volume was de-
termined by calculating the area of each stone in mm?
using the same method and summing up the results.
The stone removal rates were calculated by subtract-
ing the postop stone volume from the preop stone
volume and determining the percentage of this dif-
ference relative to the preop stone volume.

Statistical analyses were obtained using SPSS
(version 16, IBM, USA). Demographic characteris-
tics and clinical parameters of the patients were sum-
marized using descriptive statistics. Mean, standard
deviation, median, interquartile ranges and standard
deviation were calculated for variables.

SURGICAL TECHNIQUE

For prophylactic purposes,
cephalosporin was administered intravenously to the
patients before surgery. The patients were positioned
in the Galdakao-modified supine Valdivia position.

a third-generation

Using a marker pen, the posterior axillary line, 12%
rib, and anterior superior iliac spine were marked.
Following appropriate draping and ensuring sterility,
each patient underwent cystoscopy, during which a
6F ureteral catheter was placed. Subsequently, a 16F
Foley urethral catheter was inserted, and the ureteral
catheter was secured.

Before the procedure, ultrasound was performed
on all patients on the operating table to confirm the
entry site. For ultrasound imaging, the ACUSON
S3000™ Ultrasound System with the HELX™ Evolu-
tion SIEMENS™ (Issaquah, WA, USA) system and a
6C1 HD Transducer probe were used. For fluo-
roscopy, a SIEMENS™ C-arm system was utilized.

Using the ureteral catheter, the calyceal system
was filled with contrast material. Before the proce-
dure, fluoroscopy was fixed at 0 degrees. The widest
view of the calyx to be accessed in the transverse
(horizontal) plane was identified and stabilized using
ultrasound. An 18-gauge, 20 cm percutaneous access
needle was aligned with the ultrasound and advanced
towards the target calyx under fluoroscopic guidance
by manipulating the needle in the coronal (frontal)

plane with left-right movements. This technique al-
lowed access to the calyx using ultrasound on one
axis and fluoroscopy on another, without moving the
fluoroscopy unit (Figure 1 and Figure 2).

Subsequently, a guidewire was inserted, and di-
lation was performed under fluoroscopic guidance.
For dilation, a 15French (Fr) single metal dilator and
a 15.5-16.5Fr metal sheath from the Amnotec® (Knit-
tlingen, Germany) brand were used. Then, a 12Fr
nephroscope (Amnotec®) and a Dornier® (Dornier
Medizin Technik, Germany) 35-watt laser were em-
ployed to fragment the stones. In all patients, only a
4.8F double-J stent was placed, and no nephrostomy
catheters were used.

FIGURE 1: The widest view of the calyx to be accessed in the horizontal plane
was stabilized using ultrasound.

FIGURE 2: After stabilizing the ultrasound in the transverse plane, the needle was
advanced towards the target calyx in the coronal plane under fluoroscopic gui-
dance.
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I RESULTS

Between September 2022 and April 2024, supine
mini-PNL was performed on a total of 20 patients,
including 12 males and 8 females. Nine patients un-
derwent right-sided PNL, while 11 had left-sided PNL.
The mean age of the patients was 48+14.38 years
(range: 26-76 years). The mean operative time was
64+14.33 minutes (range: 40-100 minutes), and the
mean hospital stay was 4.242.6 days (range: 2-12 days).

Access was achieved in all patients under ultra-
sound and fluoroscopic guidance, with a 100% success
rate. No significant bleeding or organ injury related to
the access was observed. A single access tract was
used for all patients, and double-J stents were placed at
the end of each procedure. None of the patients re-
quired a nephrostomy catheter. Blood transfusion was
performed for one patient (1 unit of erythrocyte sus-
pension), while no transfusions were needed for the re-
maining patients. Based on preoperative hemoglobin
values, the mean drop in hemoglobin levels on the
morning of postoperative day 1 was calculated as
1.75+1.18 g/dL (range: 0-3.7 g/dL).

The mean preoperative stone volume was
10244244 mm? (range: 441-2704 mm?), while the
mean  postoperative  stone-free rate = was
87.6%+13.68% (range: 65-100%). Stone removal
rates, as determined by comparing preoperative and
postoperative imaging, were also 87.6%+13.68%
(range: 65-100%). The mean fluoroscopy duration
was 65.8+22.4 seconds (range: 20-120 seconds), and
the mean total fluoroscopy dose was 30.4£16.2 mGy
(range: 4.2-95 mGy) (Demographic and surgical
characteristics are summarized in Table 1).

Complications According to the Clavien-Dindo
Classification Grade 1 complications were observed
in 4 patients. These included postoperative flank pain
symptoms, likely related to the double-J stent. These
patients were treated successfully with a single dose of
non-steroidal anti-inflammatory drugs. Grade 2 com-
plications occurred in 4 patients. In 3 of these cases,
broad-spectrum antibiotic therapy was administered
due to postoperative resistant fever, and the patients
were subsequently discharged. In one patient, a de-
crease in postoperative hemoglobin levels was noted,
but the patient’s vital signs remained stable. Based
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TABLE 1: Demographic and surgical characteristics of the
patients.

Results (n=20)

Mean age+SD (Range) 48+14.38 (26-76)
Sex (n, %)

Female 8 (40)

Male 12 (60)
Side (Right/Left )

Right (n, %) 9 (45)

Left (n, %) 11(55)

Mean duration of surgery (minute)+SD (Range) 64 mn+14.33 (40-100)
4.242.6 (2-12)
1 unit to one patient
Mean preoperation stone volume (mm?)+SD (Range) 10244244 mm? (441-2704)

30450.4 (0-144)

Mean hospital stay (Day)+SD (Range)
Blood transfusion

Mean postoperation stone volume (mm?)%SD (Range)

Mean postoperation stone removal (%) 87.6%=13.68 (65-100)
Mean duration of floroscopy (second) 65.8+22.4 (20-120)
Mean total floroscopy dose (mGy) 30.4+16.2 (4.2-95)

Mean postoperative hemoglobin drop (g/dL) 1.75+1.18 (0-3.7)

SD: Standard deviation.

on the recommendation of the internal medicine
team, a single unit of blood transfusion was given.

Grade 3 complications were observed in 1 pa-
tient. On postoperative day 1, direct urinary system
radiography revealed spontaneous migration of the
lower end of the double-J stent into the mid-ureter.
The lower end of the stent was repositioned into the
bladder under local anesthesia in the operating room.
No Grade 3b or higher complications were observed
in any patient. Additionally, none of the patients re-
quired intensive care, nephrectomy, or embolization
(Complications are summarized in Table 2 according
to the Clavien classification).

TABLE 2: Complications according to the clavien-dindo
classification.
Results
Clavien Grade 1 (n, %) 4.(20%)
Postoperative pain managed by nonopioid analgesics 4.(20%)
Clavien Grade 2 (n, %) 4(20%)
Symptomatic urinary tract infection treated with antibiotics 3 (15%)
Blood transfusion 1(5%)
Clavien Grade 3A (n, %)
An ureteroscopy due to Double j catheter migration 1(5%)
Clavien Grade 3B (n, %) 0
Clavien Grade 4 (n, %) 0
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I DISCUSSION

In PNL, achieving optimal access is crucial for the
effectiveness, safety, and complication rates of the
surgery. Several access techniques have been de-
scribed in the literature. The ultrasound-guided ac-
cess method has gained popularity recently due to its
advantages. Studies have reported several benefits of
ultrasound, such as reduced radiation exposure, lower
transfusion rates, better visualization of surrounding
organ structures, and providing a three-dimensional
image of the calyceal system.!%!?

The most commonly used access method world-
wide is still the triangular fluoroscopy-assisted ap-
proach. Fluoroscopy has advantages such as being
easier to apply, having a shorter learning curve, pro-
viding clearer visualization of the calyceal system in
a single image, and enabling controlled access with
continuous imaging.® In the fluoroscopy-assisted
standard access technique, the failure rate or the in-
ability to achieve access is reported to be approxi-
mately 2-3%."3 In a series where a different biplanar
fluoroscopy-assisted method was used, the compli-
cation rate was reported to be 4.5%.'* In our study,
this rate was found to be 0%, with successful access
achieved in all patients. Although the small sample
size represents a limitation, the failure rate in our
study was lower compared to a different and newly
used fluoroscopy-assisted method.

In a prospective randomized controlled study
comparing access methods using fluoroscopy, fluo-
roscopy-ultrasound, and ultrasound alone, the rates
of Grade 3 and higher complications were found to be
6%, 5.5%, and 4.8%, respectively. In the same study,
the rate of blood transfusion in the group with ultra-
sound-fluoroscopy assisted access was found to be
2.7%." In our study, Grade 3 and higher complica-
tions were observed in only one patient (5%). This
patient experienced a complication, which was the in-
cidental migration of the distal end of the double-J
stent into the mid-ureter on postoperative imaging.
However, this complication did not lead to signifi-
cant morbidity. Blood transfusion was required for
only one patient (5%). No complications such as
organ injury, urinoma, or perinephritic hematoma,
which could be related to the access, occurred in any
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of the patients. Additionally, no significant bleeding,
which could have hindered visualization during the
access or procedure, was observed. Despite the fact
that our study includes the first 20 cases, our results
regarding complications and transfusions were simi-
lar to those reported in the literature. However, in ad-
dition to the access method, we believe that
performing mini-PNL with a 15.5-16.5 Fr sheath may
have reduced the likelihood of complications and the
need for transfusions.

According to the “As Low As Reasonably
Achievable” (ALARA) principle, radiation is one of
the primary concerns in percutaneous surgeries. Ra-
diation affects many organs, including the gonads,
bones, and thyroid, with the gonads being particularly
sensitive. There are studies indicating that even low
doses of fluoroscopy can impair spermatogenesis in
the testes, and high doses can lead to sterility.'>!® In
a study by Pulido-Contreras et al., it was found that a
surgeon performing PNL who transitioned from flu-
oroscopy-assisted access to ultrasound-assisted ac-
cess reduced fluoroscopy usage time by 75% after the
first 15 cases.* In the same study, it was found that
the fluoroscopy time was 85 seconds when consider-
ing the first 15 cases. In our study, this time was
found to be lower. Given that the procedures in our
study were performed by surgeons who were new to
the technique and early in their specialization, we an-
ticipate that as experience and the number of cases
increase, both fluoroscopy time and dose will de-
crease further. According to another radiation expo-
sure mechanism, it has been demonstrated in the
literature that the area affected by fluoroscopy in the
anteroposterior view differs from the area affected in
the lateral projection. In the biplanar fluoroscopy
technique, it was found that fluoroscopy performed
at a 30-degree angle increased the radiation exposure
to the upper bodies and head regions of the surgical
team. One study also showed that lateral fluoroscopy
projections led to 3-4 times greater radiation expo-
sure in the operating room and to the team compared
to the anteroposterior projections.'”!* In our study, by
using fluoroscopy only in the anteroposterior projec-
tion and employing ultrasound in the other plane, the
surgical team is further protected from radiation ex-
posure.
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There are methods in the literature similar to the
combined method used in our study. However, the
main purpose of our study is to show that newly spe-
cialized urologists can easily and safely enter PNL
by combining ultrasonography, which they can use
with basic radiology knowledge, with the fluoroscopy
experience they are familiar with from urological
stone surgery.

The limitations of our study include the fact that
it is not a prospective randomized controlled and
comparative study, the small sample size, and the ex-
istence of studies with similar applications, although
not exactly the same.

I CONCLUSION

In conclusion, our study has demonstrated the success-
ful clinical outcomes of the combined access technique
by integrating the advantages of fluoroscopy, which is
straightforward to learn and apply, with the benefits of
ultrasonography, which minimizes radiation exposure
and reduces the risk of complications. Nonetheless, it is
clear that further studies involving larger patient popu-

lations and comparative analyses with other methods
are warranted to validate these findings.
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