www.nature.com/scientificreports

scientific reports

OPEN

W) Check for updates

Therapeutic experience and
key techniques of tubeless
percutaneous nephrolithotomy

Yuanpeng Zhang3, Xinwei Li%3, Gen Yang'%3, Lei Liu'™, Xiaoping Zhang** &
Wencheng Li**™*

The tubeless percutaneous nephrolithotomy (PCNL) is highly favored by endourological urologists

for its advantages in patient experience and length of hospital stay. However, there is currently no
guideline or consensus that precisely describes tubeless PCNL. This study explores tubeless PCNL from
two aspects: patient selection and technical improvements. Clinical data of 40 cases of conventional
PCNL and tubeless PCNL patients operated by the same surgeon between December 2023 and April
2024 were analyzed. The changes in the preoperative and postoperative renal function, hemoglobin
and inflammatory markers were evaluated, and the operative time, pain scores, and length of hospital
stay were also included. Both groups of patients achieved complete stone clearance (100%). Compared
to the conventional PCNL group, the tubeless PCNL group had lower pain scores (P <0.001) and
shorter hospital stays (P =0.005). There were no statistically significant differences between the two
groups in terms of operative time (P = 0.83), renal functional impact (P =0.699), hemoglobin reduction
(P =0.93), and changes in inflammatory markers (P > 0.05). Tubeless PCNL demonstrated better
patient experience and shorter hospital stays. Tubeless PCNL patients were strictly selected according
to our criteria and operated based on traditional experience and the improved technical standards in
this study. Tubeless PCNL is safe and feasible under these conditions. Retrospectively registered: 0620,
August, 2024.

Keywords Tubeless PCNL, Kidney calculi, Oblique sheath, Criteria, Color Doppler

Percutaneous nephrolithotomy (PCNL) is a key milestone in developing endoscopic urology. Compared
to traditional open stone surgery, PCNL offers advantages such as minimal trauma, reduced bleeding, rapid
recovery, and high stone-free rates>. PCNL removes stones by creating percutaneous renal access, followed by
the placement of a nephrostomy tube and a ureteral stent postoperatively. To ensure a high stone-free rate, the
early access is often large in diameter (> 26F), leading to a higher rate of complications and increased patient
discomfort®. In this context, the concepts of miniaturized access and tubeless PCNL have been introduced.
However, two cases of severe extravasation in tubeless PCNL have sparked controversy over this technique*.

With the accumulation of experience and advances in technology, tubeless PCNL is increasingly being
accepted and attempted by more urological surgeons. Despite the risks with tubeless PCNL, its excellent
performance in terms of reducing hospital stay, alleviating patient pain, and promoting quick recovery makes
it a hot topic among endourological surgeons®. Previous experiences have shown that strict patient selection is
essential to minimize complications associated with tubeless PCNLS. However, there are currently no definitive
guidelines or consensus on tubeless PCNL in clinical practice.

This study combines insights from previous studies and clinical practice to summarize the criteria for patient
selection in tubeless PCNL. Additionally, we summarize several key technical improvements implemented at our
institution, aiming to promote the widespread adoption of tubeless PCNL and enhance the treatment experience
for patients.
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Methods

Statements, case selection and patient information

This retrospective study was approved by the Ethics Committee of Tongji Medical College, Huazhong University
of Science and Technology, affiliated Union Hospital. All research was performed in accordance with relevant
guidelines/regulations, and we confirmed that informed consent was obtained from all participants and/or their
legal guardians. All research had been performed in accordance with the Declaration of Helsinki.

Patients are divided into the tubeless percutaneous nephrolithotomy (PCNL) group and the conventional
PCNL group according to whether or not a nephrostomy tube was ultimately placed. All 40 patients, who
underwent surgery by the same surgeon in the Department of Urology at Wuhan Union Hospital from
December 2023 to April 2024, were included. During this period, 20 patients underwent tubeless PCNL, while
the remaining 20 patients underwent conventional PCNL on the same day or week as the tubeless PCNL cases.
We analyzed the clinical data of these patients, including general patient information, complete blood count,
blood biochemistry, urine culture, kidney-ureter-bladder (KUB) X-ray, renal computer tomography (CT), renal
ultrasound results and so on.

Surgical procedure

After anesthesia and preparation of the kidney, the patient was placed in the prone position. A Chinese
one-shot dilation technique’was employed under color Doppler guidance® to establish a working channel
(typically 20F/22F), with successful establishment indicated by the ability to aspirate urine. Following channel
establishment, a 10.5Fr ureterorenoscope (KARL STORZ) was introduced, and a Holmium:YAG laser (by
Lumenis) was used for lithotripsy. Upon completion, residual calculi were detected using Hitachi color Doppler
ultrasound. If no residual fragments or very few and small fragments (diameter <4 mm), and no calculus
likely to cause obstruction were detected, lithotripsy was finished. Subsequently, a 5F double ] stent was placed,
followed by a decision regarding whether to place an 18F/20F nephrostomy tube. On the first postoperative day,
the urethral catheter was removed, and the nephrostomy tube was clamped. If there was no fever or urinary
leakage, the nephrostomy tube was removed 12 to 24 h after clamping.

Anesthesia method

The majority of patients underwent general anesthesia for the surgery, while some patients received regional
anesthesia’. The specific procedure for regional anesthesia was as follows: patients did not undergo retrograde
intubation or urinary catheterization. Half an hour before the surgery, patients received an intramuscular
injection of 100 mg tramadol and 25 mg dexmedetomidine. Intraoperatively, a mixture of 1% lidocaine and
0.5% ropivacaine was administered via subcutaneous infiltration (approximately 10 mL) at the puncture site
for regional anesthesia. During the surgery, dexmedetomidine (5 mg) was administered intravenously, and
ondansetron was given prophylactically to prevent nausea and vomiting. The remaining technical procedures
were no difference from the conventional method!°.

Kidney preparation

All included patients underwent kidney preparation using stimulated diuresis technology!'!. Upon arrival in
the operating room, patients were placed in the prone position and received an intravenous injection of normal
saline (500 to 1000 mL), followed by furosemide (0.5 mg/kg) to facilitate diuresis. The dilation of the renal pelvis
was measured using ultrasound, which typically reached peak values in 6-15 min'!. Following this, kidney
preparation was completed.

Color Doppler-guided puncture and intrarenal fold-line puncture technique

Allincluded patients underwent puncture procedures guided by color Doppler imaging. Traditionally, the center
of the renal pelvis had been considered the ideal avascular puncture point (Fig. 1A, Supplementary video 1).
But vascular variations were common, the center of the renal pelvis did not always indicate an avascular area
(Fig. 1B, Supplementary video 2). Therefore, individualized puncture pathways were designed based on color

Fig. 1. Blood flow under color Doppler imaging. (A). Normal blood flow of renal calyx. (B). Mutated blood
vessels, spanning the renal cortex.
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Doppler ultrasound. The vascular distribution of the target calyx was examined, by initially setting the color
Doppler blood flow velocity at 15-17 cm/s. If vascular density was low or moderate, avascular areas are identified
and selected as the puncture pathway (Supplementary video 3). In cases with abundant vessels in the calyx, the
avascular areas were further investigated by resetting the blood flow velocity to 25-27 cm/s®. For a few patients
with significant renal artery variations, finding an optimal straight puncture pathway was challenging. Therefore,
an intrarenal fold-line puncture technique was utilized under color Doppler guidance. Under these conditions,
the puncture needle entered the target calyx along a fold line to avoid blood vessels (Supplementary video 4, 5).

Chinese one-shot dilation technique for channel establishment

All enrolled patients underwent channel establishment using the Chinese one-shot dilation technique’. Initially,
an 18 G Chiba needle was inserted into the collecting system under color Doppler guidance®. Successful
puncture was confirmed by the ability to aspirate urine after removing the stylet. A super-rigid guidewire was
then introduced, followed by the withdrawal of the puncture needle. Before removing the puncture needle, the
fascia and skin at the puncture site were incised. Besides, while removing the puncture needle, the direction and
depth were recorded. Subsequently, a 20F/22F pencil-shaped fascial dilator with a matching oblique sheath was
inserted along the super-rigid guidewire (Fig. 2A). Rotational breakthrough was employed during the passage
from the renal cortex into the collecting system. The pencil-shaped fascial dilator, with its slender and pointed
tip, has been clinically proven to possess single-step dilation capability’. Upon successful aspiration of urine
from the dilator, the dilator was removed, maintaining the position of the oblique sheath. Thus, the working
channel was completed.

A

Fig. 2. Appearance and application of oblique sheath. (A). Dilator with a matching oblique sheath. (B). Front
view of oblique sheath. (C). Side view of oblique sheath. (D-F). No bleeding in the channel by using oblique
sheath. (G-I). Counterclockwise rotation of the oblique sheath resulted in a transition from a clear to a blurred
view. The arrow indicated the site of vascular injury.
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Application of oblique sheath

Prior to establishing the channel, the sheaths were trimmed. The anterior end of the sheath was trimmed into
an oblique opening (Fig. 2B,2C). This modification has demonstrated several advantages in application. First,
it facilitated matching with the inner dilator. Second, it provided ease of dilation and entry into narrow calyces
and ureters, thereby reducing mucosal injury and calyceal tear (Supplementary video 6, 7). Third, it enhanced
visibility for locating and observing relatively parallel renal calyces (Supplementary video 8). Fourth, it allows
for the retraction of the sheath to the renal capsule, rotation of the outer sheath to observe any bleeding in the
channel, and reduction of the channel loss rate (Fig. 2D-I, Supplementary video 9, 10).

Case selection of tubeless PCNL
Based on preoperative evaluations and intraoperative performance, patients meeting the following criteria were
prioritized for tubeless procedures:

a) Preoperative hemoglobin level higher than 90 g/L and normal coagulation function.
b) Low risk of sepsis preoperatively and intraoperatively.

¢) No renal upper calyx puncture.

d) No significant residual stones.

e) No significant bleeding in the channel.

Early clinical data indicate that postoperative hemoglobin decrease did not exceed 30 g/L under the strict
principle of no bleeding in the channel!?. Therefore, patients with preoperative hemoglobin greater than 90 g/L
are at low risk of requiring postoperative blood transfusion.

Sepsis is one of the most common complications, with a high mortality rate ranging from 22 to 76%?. The
risk of sepsis must be assessed on both preoperative and intraoperative performance: preoperatively, absence of
fever, normal blood leukocyte counts, and normal procalcitonin levels; intraoperatively, clear urine, absence of
pus and purulent deposits in the kidney, and absence of fibrinous material on the stone surface, indicate a lower
risk of sepsis!*-16.

Tubeless PCNL is not chosen for upper calyx punctures due to the relatively higher risk of pleural injury
If pleural injury occurs and tubeless procedures are performed, respiratory efforts combined with urinary
leakage can easily lead to pleural effusion and hemorrhage.

The residual condition of stones should undergo a comprehensive evaluation to avoid secondary surgeries:
Preoperatively, confirm the stone locations based on imaging results; intraoperatively, identify the stones in the
renal pelvis and calyces according to anatomical features and imaging results, and confirm whether the positions
change with ultrasound; postoperatively, check for residual stones using ultrasound.

Ensuring there is no bleeding in the channel is important, since one of the functions of the nephrostomy tube
is to drain potential blood and effusion. The presence of bleeding in the channel can be assessed by the oblique
sheath: After lithotripsy, retract the anterior end of the oblique sheath to the renal capsule, then rotate the dilator,
and observe the entire renal puncture channel for significant bleeding (under conditions of 150 mmHg pressure
and 300 ml/min flow rate, clear visibility indicates no bleeding, Supplementary video 9, 10).

17,18

Statistical analysis
For all the patients of two groups, the following parameters were evaluated: 1. Stone clearance rate: Kidney-
ureter-bladder (KUB) radiographs were routinely performed before removing the double J tube. No residual
stones or residual stones<4 mm were considered to be stone free; 2. Duration of surgery; 3. Pain level:
Assessed by using the Visual Analog Scale (VAS) on the first postoperative day; 4. Postoperative hospital stay;
5. Postoperative change in hemoglobin (Hb) levels; 6. Postoperative change in serum creatinine (umol/L) and
estimated glomerular filtration rate (eGFR, ml/min/ 1.73m?); 7. Postoperative changes in inflammatory markers,
including neutrophil count, procalcitonin (PCT), and C-reactive protein (CRP).

Statistical analysis was conducted using SPSS 26.0.2 software!®. Continuous data were presented as
mean =+ standard deviation. Student’s t-test was employed to analyze intergroup differences in the mean values.
P <0.05 was considered statistically significant.

Results
The patients included were from the Department of Urology at Wuhan Union Hospital. They underwent surgery
during the period of December 2023-May 2024, performed by the same surgeon. During the time, 20 patients
underwent tubeless PCNL. Cases for conventional PCNL were selected from patients who underwent surgery
on the same day or within the same week as tubeless PCNL patients. Information for all 40 patients is presented
in Table 1.

Both groups of patients achieved successful stone clearance, with one working channel established
(Fig. 3A,3B). The tubeless PCNL group had a shorter hospital stay (P=0.005). Additionally, the VAS scores
were significantly lower in the tubeless PCNL group (P <0.001). However, there was no significant difference
in surgical duration between the two groups. Moreover, there were no significant differences in renal function
and inflammatory responses (P> 0.05). None of the included patients developed fever postoperatively (Table 2).

Discussion

The first report of PCNL was published in 1976%. Since then, extensive clinical experience has accumulated.
Based on institutional experience, clinical guidelines”, and expert opinionszz, we believe that in the following
clinical scenarios, PCNL is superior to ureteroscopy and flexible ureteroscopy: A. large stone burden (>2 cm);
b. prolonged stone impaction (more than six months) combined with suspected ureteral stricture; c. recent
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Variable PCNL Tubeless PCNL | P value
No. of patients 20 20 -
Male: Female 12:8 14:6 0.704
Mean age (years) 545+13.1 | 49.3+15.3 0.264
Mean BMI 244+34 |251+4.0 0.547
Right side/left side 1.000
Right 10 10

Left 10 10

Stones 0.333
Renal pelvis 2 3

Renal calyx 2 1

Renal pelvis & renal calyx | 6 5

Upper ureter 6 5

Upper ureter & renal pelvis | 4 6

Hydronephrosis (cm) 0.515
No (d<0.5) 4 5

Mild (0.5<d<1) 4 2

Moderate (1<d<2) 2 5

Severe (d>2) 10 8

Urine culture 1.000
Negative 18 18

Positive 2 2

Stone size (mm) 19.7+74 |17.6+6.0 0.347
Puncture site 1.000
Upper calyx 0 0

Middle calyx 18 19

Subrenal calyx 2 1

Anesthesia 0.480
General 13 16

Regional 7 4

Table 1. Preoperative clinical data of patients involved in our study. BMI: Body mass index.

Fig. 3. Representative KUB radiography of a 40-year-old man who underwent tubeless PCNL. The patient had
multiple left kidney stones with a maximum diameter of 14 mm and no hydronephrosis. (A). Preoperative. (B).
Postoperative. The arrows showed the position of kidney calculus.
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Variables PCNL Tubeless PCNL | t P Value
Stone removal rate 100% 100% - -
glrllrenber of channels éo 30

Other

Mean operative time (min) 58.8+29.0 |[57.1+19.8 —0.217 | 0.830
VAS pain 2.8+0.8 0.5+0.5 -10.7 <0.001
Mean hospital stay (days) 2.1+0.9 1.4+0.5 —2.951 | 0.005
Raise of creatinine (umol/L) 42+16.7 2.6+7.9 —-0.39 | 0.699
Drop of eGFR (ml/min/1.73m?) | 1.7+10.6 2.0+6.9 0.095 0.924
Drop of Hb (g/L) 11.8+8.4 12+9.5 0.088 0.930
Fever (ratio) 0 0

Raise of neutrophils (x 10°/L) | 3.5+3.0 25+34 -1.0 ]0.307
Raise of PCT (ng/L) 0.16+0.77 | 0+0 —0.906 | 0.371
Raise of CRP (mg/L) —2.1+243 | 2.3+5.1 0.755 0.455

Table 2. Operative and postoperative outcomes of two groups. Hb: Hemoglobin; eGFR: Estimated glomerular
filtration rate; PCT: Procalcitonin; CRP: C-reactive protein.

history of ipsilateral ureteroscopy with incomplete stone clearance, potential due to suspected ureteral stricture;
d. severe hydronephrosis, thinning of the renal cortex or atrophic kidney, with poor renal function making
stone clearance difficult; e. combination of ureteral stones with a large number of lower pole stones; f. lower
pole stones with a ureter-lower calyx distance (ULD) of less than 2.5 cm??; g. intolerance to general anesthesia;
h. CT evidence of significant renal swelling with perinephric exudative changes; i. gross hematuria indicating
poor visualization during ureteroscopy; j. renal anatomical abnormalities (e.g., duplicated kidneys, horseshoe
kidneys, etc.).

PCNL patients are routinely placed with internal and external drains, which are nephrostomy tubes and
double J stents. The nephrostomy tube compresses the tract to achieve hemostasis, drains renal fluids to decrease
intrarenal pressure, and prevents potential bloodstream infections®*. Still, it preserves a pathway for the next
operation if needed. The double ] tube ensures patency of the renal-bladder pathway, preventing secondary
ureteral strictures due to operative injury, stone impaction, or infection. However, nephrostomy tubes have
several limitations. They increase patient discomfort, impose an economic burden, and raise the risk of urinary
leakage and secondary infections>?*?. Thus, tubeless PCNL has become a primary focus for endourologists.
Our goal is to balance the pros and cons and select suitable patients for tubeless PCNL.

We select patients eligible for tubeless PCNL based on preoperative and intraoperative performance. A
hemoglobin level above 90 g/L significantly reduces the need for postoperative transfusion. Normal coagulation
function and absence of significant bleeding in the channel effectively prevent increases in intrarenal pressure,
a potential adverse consequence of tubeless PCNL. Absence of fever, normal blood leukocyte counts, and
preoperative procalcitonin (PCT) preoperatively, along with clear renal urine and absence of pus or debris on
stone surfaces intraoperatively, reduce the risk of postoperative renal infection and greatly lower the probability
of sepsis. Avoiding upper calyx puncture prevents pleural effusion, which is a potential complication of tubeless
PCNL. The absence of obvious stone residue avoids the possibility of secondary surgery.

Furthermore, we incorporate new technologies to enhance the feasibility of tubeless PCNL for patients.
Individualized path planning and fold-line puncture guided by color Doppler greatly avoid blood vessels,
significantly reducing bleeding rate®. The Chinese one-shot dilation technique eliminates the need for repeated
dilator changes, further lowering the bleeding rate’. Additionally, the use of oblique sheaths allows for a larger
field of view within a smaller range of sheath movement, further reducing the risks associated with tubeless
procedures.

Our research results also demonstrated the significant advantages of tubeless PCNL. Tubeless PCNL
significantly shortened patients’ hospital stay, reduced postoperative pain, and had no significant impact on renal
function (serum creatinine and eGFR). Based on the patient selection and technical improvements mentioned
above, both groups exhibited similar postoperative hemoglobin decreases, with no cases requiring postoperative
transfusion. Moreover, inflammatory markers including neutrophil count, PCT, CRP, showed no significant
differences between the two groups, suggesting that, under strict indications, tubeless PCNL might not affect
infectious probability. No patients developed fever postoperatively, including those with preoperative positive
urine cultures. It suggested that preoperative positive urine cultures might not be an absolute exclusion criterion
for tubeless PCNL, although this result was limited by the sample size and might not be definitive.

Tubeless PCNL is being explored by numerous urologists domestically and internationally. Zhang et al.
pointed out that a renal cortex thickness (> 5 mm) at the site of channel favored tract contraction, reducing urine
leakage, which can serve as a screening criterion for tubeless PCNL?°. Mao and Jian et al. argue that patients
with ureteropelvic junction obstruction (UPJO) or ipsilateral ureteral stricture are not suitable for tubeless
PCNL, due to potential drainage obstruction and increased intrarenal pressure®?’. Furthermore, studies by Lei
et al. suggest that patients with renal collecting system perforation are also not suitable for tubeless PCNL, as
nephrostomy tubes will provide better drainage?®. However, Jou et al. hold the opposite opinion?®. Additionally,
single puncture, single tract, no intraoperative bleeding, no extravasation, and no pus intraoperatively all tend
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to favor tubeless PCNL with experience. Although tubeless PCNL criteria may vary slightly among different
institutions, all show lower pain scores, shorter operation and hospitalization times, reduced surgical costs, and
comparable surgical outcomes when compared to conventional methods.

Conclusion

In conclusion, this study, along with various related studies, highlights the advantages of tubeless PCNL.
Additionally, this study details several technical improvements implemented in our institution for both
conventional and tubeless PCNL patients. These improvements standardize the inclusion and exclusion criteria
for tubeless PCNL, enhancing patient safety while ensuring stone clearance rates. A limitation of the study
is the small number of patients included in this study, which leaves some potential risks and complications
remain unknown. Undoubtedly, a prospective study with randomization is needed, and we hope to apply these
techniques to more eligible patients in future clinical work, further optimizing procedural details. Meanwhile,
with advancing technology and accumulated experience, we are also exploring the possibility of a completely
tubeless PCNL (without nephrostomy tubes or double ] tubes), which will undoubtedly enhance patient
experience in terms of both comfort and time.

Availability of data and materials
All data generated or analysed during this study are included in this published article and its supplementary
information files.
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