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Background: The tubeless percutaneous nephrolithotomy (PCNL) was proposed to eliminate the side 
effects of the nephrostomy tube in recent years, such as pain, channel infection, postoperative bleeding, and 
longer hospital stay. But there is neither clinical guidelines nor consensus about tubeless PCNL in clinical 
practice. The study is aimed to how to implement the tubeless PCNL step by step, including case selection 
preoperatively, improving the technique of the surgeon, making the correct decisions at the end of the 
procedure, which had not been previously examined.
Methods: From January 2017 to March 2018, 364 consecutive patients requiring PCNL were 
comprehensively analyzed preoperatively and patients were selected for scheduled tubeless PCNL based on 
four aspects. The selected patients were divided into two groups according to whether the nephrostomy tube 
was finally placed. The mean operative time, intraoperative blood loss, stone clearance rate, visual pain score, 
postoperative hospitalization days and perioperative complications were all evaluated. 
Results: Based on the preoperative evaluation, 42 patients were selected for tubeless PCNL, among which 
there were finally 37 cases of completed tubeless PCNL. Compared with patients undergoing conventional 
PCNL, there were not statistical differences in the mean operative time (P=0.207) or intraoperative blood 
loss (P=0.450) in the tubeless group. Stone clearance rate was 100% in both groups. The visual pain scores in 
the tubeless PCNL group were lower on operation day (P=0.029), first postoperative day (P<0.001) and the 
day of discharge (P=0.025). The postoperative hospitalization for the tubeless PCNL group was shorter than 
that of the control group (P<0.001). No significant difference in grade 1 complications was seen (P=0.424), 
and no grade 2 or higher complications were observed in either group.
Conclusions: Postoperative pain was significantly relieved and postoperative hospitalization was 
significantly shortened in the tubeless PCNL group. Tubeless PCNL is safe if patients are carefully selected 
using four criteria before operation, attention is paid to four key points and five confirmations are made 
during operation.
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Introduction

Minimally invasive percutaneous nephrolithotomy (PCNL) 
has been widely used in the treatment of renal and upper 
ureteral calculi (1). Nephrostomy and double-J tubes are 
routinely placed after PCNL surgery, but the nephrostomy 
tube is associated with adverse events such as pain, channel 
infection, postoperative bleeding, and longer hospital 
stay. In 1986, Dickinson et al. first proposed the concept 
of tubeless PCNL to eliminate the side effects of the 
nephrostomy tube (2). However, most clinicians believe its 
application should be limited to strictly selected patients (3). 
Currently, with improvements in PCNL and the emphasis 
on enhanced recovery after surgery, tubeless PCNL have 
been attracting more and more attention (4). However, to 
date there is neither clinical guidelines nor consensus about 
tubeless PCNL in clinical practice (5). Here, we report 
our experience with choosing patients for tubeless PCNL 
preoperatively and how to make the correct decisions 
to ensure postoperative safety during the operation. 
We present the following article in accordance with the 
STROBE reporting checklist (available at https://dx.doi.
org/10.21037/tau-21-559).

Methods

Case selection and patients’ data

This prospective study was approved by the institutional 
ethics committee of the Third Affiliated Hospital of Sun 
Yat-sen University and all patients signed the informed 
consent form for use of their related information. The 
study was conducted in accordance with the Declaration of 
Helsinki (as revised in 2013). From January 2017 to March 
2018, a total of 364 consecutive cases requiring PCNL 
were analyzed preoperatively. Preoperative evaluation of 
all patients included disease history, physical examination, 
routine laboratory investigations, imaging examination 
including renal ultrasonography (US), plain radiography 
of kidneys-ureters-bladder (KUB), intravenous urography 
(IVU) and spiral CT urography (CTU). Urine cultures 
were obtained. Preoperatively, we identified several 
conditions that were not appropriate for tubeless PCNL: 
(I) ureteropelvic junction stenosis or ureteral stenosis on 
the operation side; (II) complex renal stones that could 
be difficult to remove at one time; (III) renal cortical 
thickness <4 mm; (IV) abnormal coagulation function; and 
(V) obvious preoperative infection. According to these 
comprehensive evaluation criteria, a total of 42 patients 

were scheduled to undergo tubeless PCNL. 

Surgical method

Routine tracheal intubation with the patient under general 
anesthesia was performed and generally, the surgical 
procedure was as previously described (6). A 5F ureteral 
catheter was placed retrogradely into the diseased renal 
pelvis using a cystoscope in the lithotomy position. The 
patient was then placed in the prone position and the target 
renal calyx was punctured using an 18-G renal puncture 
needle under real-time ultrasound guidance. If urine/saline 
spilled when the needle core was withdrawn, the needle tip 
was in the correct position. A 0.035-inch guidewire (COOK) 
was inserted into the needle sheath until it reached the 
renal pelvis. The needle sheath was withdrawn, and the 
tract was then dilated to 18 Fr using fascial dilators (COOK, 
6–18 Fr). A ‘peel-away sheath’ (COOK, 18 Fr) was inserted 
as the working tract. The ureteroscope (Olympus, 9.8 F) 
was inserted into the working sheath to locate the calculi, 
which were fragmented using a holmium laser lithotripsy 
device. For staghorn calculi and multiple stones, if it proved 
difficult to completely remove the calculus with a single 
working tract, a second working tract was established under 
ultrasound guidance to facilitate removal of the stones and 
shorten the operation time.

Intraoperative decisions

During the operation, there were several points at which it 
had to be determined whether the nephrostomy tubes were 
finally placed or not. Patients were selected intra-operatively 
for tubeless PCNL based on our decision-making protocol 
(Figure 1). If the renal collecting system was damaged or the 
ureter, especially the ureteropelvic junction, was narrow, a 
nephrostomy tube was placed after the operation.

After the calculi were extracted, ultrasound was used 
to confirm clearance. If the stones were not removed 
completely, a nephrostomy tube was also placed. 

Antegrade placement of a 6-F double-J catheter was 
performed after confirming that all calculi in the observable 
range had been removed through microscopic and 
ultrasound exploration. A security guidewire was placed to 
the renal pelvis and under the ureteroscopic guidance, the 
peel-away sheath was pulled back to the margin of the renal 
calyx, followed by reducing the washing pressure or ceasing 
the washing. The surgeon carefully confirmed there was 
no active bleeding while pulling the sheath back out of the 
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incision. Another 5-min observation of incision bleeding 
is important. If there was significant hemorrhage around 
the channel, especially arterial bleeding or massive venous 
bleeding, a nephrostomy tube was placed postoperatively. 
If there was no significant hemorrhage around the channel, 
the nephrostomy tube was not necessary and the security 
guidewire was removed and the operation was completed. 
The incision of the nephrostomy tract is not closed when 
tubeless nephrostomy is performed, to allow the drainage of 
fluid and avoid postoperative fever. 

Statistical analysis

According to whether patients were selected intra-
operatively for tubeless PCNL or not, the patients who met 
the preoperative inclusion conditions were divided into a 
tubeless PCNL group and regular PCNL group, and the 
following indexes were evaluated: (I) operation time; (II) 
intraoperative blood loss (mL); (III) stone clearance rate: 
KUB was routinely performed on postoperative day 2 and 

patients were considered stone-free when no stone >4 mm 
was visualized on KUB; (IV) visual analog scale (VAS) of 
pain. Pain severity was evaluated by a trained nurse using 
the VAS every 8 h. The preoperative and postoperative 
VAS scores were recorded. The degree of pain from mild 
to severe was divided into 10 grades, no pain =0 points, 
the most serious pain =10 points; (V) postoperative 
hospitalization days; and (VI) perioperative complications: 
the modified Clavien grading system proposed in 2004 was 
adopted in this study (7).

SPSS 19.0 software was used for the statistical analysis. 
Fisher’s exact test or the χ2 test, as appropriate, was used 
for statistical analysis of the frequency data. Measurement 
data are presented as mean ± SD. The between-group 
differences in these mean values were analyzed by Student’s 
t-test. P<0.05 was regarded as statistically significant.

Results

According to the preoperative conditions for tubeless 
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Figure 1 Intraoperative decision-making process. PCNL, percutaneous nephrolithotomy.
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PCNL, 42 of 364 patients were eligible for inclusion in this 
study. Their clinical data are shown in Table 1. 

Among them, 37 patients finally underwent tubeless 
PCNL, and 5 patients required placement of a nephrostomy 
tube. All operations were successful. The mean operative 
time (P=0.207) and intraoperative blood loss (P=0.450) of 
the two groups were not statistically significant. The stone 
clearance rate was 100% in both groups. Representative 
KUB of pre- and post-operation are shown in Figure 2A,B. 
Only two cases of grade 1 complications occurred in the 
tubeless PCNL group, and only one case in the PCNL 
group. No grade 2 or higher complications occurred in 

either group. Blood transfusion was not performed in either 
group.

The VAS pain score of the tubeless PCNL group was 
significantly less than that of the PCNL group, regardless 
of whether it was the operation day (P=0.029), postoperative 
day 1 (P<0.001) or discharge day (P=0.025). Furthermore, 
the mean hospital stay was significantly shorter in the 
tubeless PCNL group than in the PCNL group (P<0.001) 
(Table 2).

Discussion

In 1986, Dickinson et al. first proposed the concept 
of tubeless PCNL, aiming to reduce postoperative 
hemorrhage, channel infection, urinary extravasation, 
catheter pain and other discomfort and complications 
caused by an indwelling nephrostomy tube, and thus 
shorten the length of hospital stay (2). Tubeless PCNL 
includes complete tubeless and partial tubeless. The former 
has a high risk of stone residues, obstruction and urinary 
extravasation, which may cause severe renal colic (8,9). 
Therefore, the indications should be strictly controlled and 
the technical requirements are relatively high. In recent 
years, more attention has been paid to the application of 
partial tubeless PCNL; that is, no indwelling nephrostomy 
tube, only a double-J tube or urinary tube, to reduce the 
risk of postoperative complications as much as possible by 
guaranteeing effective drainage (10).

Clinical studies have shown that partial tubeless PCNL 
has certain advantages (11-13): (I) the patient recovers 
quickly, including early postoperative eating and walking 
activities, which shortens the length of hospital stay; (II) 
without an indwelling nephrostomy tube, postoperative 
pain and discomfort can be significantly controlled and the 
dosage of analgesics is lower; and (III) without an obvious 
wound in tubeless PCNL, patients can recover quickly 
without obvious postoperative complications. By shortening 
the length of hospital stay and controlling complications, 
patients can get back to normal life and work earlier and 
reduce the economic burden at the same time.

As we all know, there are greater risks after the operation 
of tubeless PCNL. For example, there is no postoperative 
fistula compression, so postoperative bleeding in the 
working channel is more likely. Postoperative obstruction 
of drainage, caused by small stones or small blood clots, 
is more likely to cause fever or even urinary sepsis when a 
nephrostomy tube has not been placed (14). Tubeless PCNL 
is also prone to obstruction that can lead to backaches. So, 

Table 1 Preoperative clinical data of patients scheduled to undergo 
tubeless percutaneous nephrolithotomy 

Variable Number

No. of patients 42

Male: female 31:11

Mean age (years) 42.5±11.6

Mean BMI

Right side/left side

Right 19

Left 23

Stones 

Single upper ureteral calculus 5

Single renal pelvis calculus 7

Single calyx calculus combined with 
renal pelvis calculi

16

Two calyces calculi combined with renal 
pelvis calculi

8

Complete staghorn calculus 6

Hydronephrosis

Mild 5

Moderate 26

Severe 11

Surgical history

Open nephrolithotomy 3

PCNL 3

Extracorporeal shockwave lithotripsy 2

None 34

PCNL, percutaneous nephrolithotomy; BMI, body mass index.
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there were still some limitations of tubeless PCNL. The 
tubeless PCNL is not suit for all patients, because there are 
concerns that potentially fatal complications such as massive 
bleeding without a nephrostomy tube may occur. The 
tubeless PCNL must also be implemented by experienced 
surgeon. Therefore, it is an important clinical topic of 
how to safely implement tubeless PCNL. We believe 
that preoperative patient selection and intraoperative 
decision making are important and complementary in the 
implementation of tubeless PCNL.

Preoperative patient selection and strict indications

To date, there is no clear standard or guidelines on which 
patients can be treated with tubeless PCNL. According to 
our clinical experience, we suggest four types of patients 
who are indicated for PCNL, but are unsuitable for tubeless 
PCNL. (I) Renal cortical thickness <4 mm. Serious urinary 
extravasation is very common in these patients, because the 
thin renal cortex has difficulty shrinking and healing (15). (II) 
Abnormal coagulation function such as liver cirrhosis, long-
term oral anticoagulant drugs, serious thrombocytopenia 
of varying etiology, and severe and longstanding diabetes 
leading to poor vascular elasticity (16). (III) Complex renal 
stones that could be difficult to remove at one time on 
the basis of preoperative prediction (15,16). (IV) Serious 

urinary tract infection or obvious infectious stones, because 
insufficient drainage could escalate the infection or even 
contribute to urinary sepsis, which brings a high risk of 
death (17).

According to these strict indications, only 42 patients 
of 364 patients suitable for PCNL were indicated and 
scheduled for tubeless PCNL.

Skilled and gentle operation to avoid complications

Residual calculi and severe hemorrhage are the two major 
challenges to implementing tubeless PCNL. Avoiding 
intraoperative bleeding depends greatly on the experience 
and skill of the surgeon (18). Therefore, we recommend that 
tubeless PCNL should only be carried out by experienced 
surgeons. 

We believe that attention should be paid to four key 
points during the operation, to avoid complications. 
(I) Accurate puncture: a good working channel is very 
helpful to remove the most stones and have the fewest 
complications (19,20). (II) The channel should be gently 
expanded, and the direction and depth of channel should 
be correct rather than deep. (III) Avoid excessive swinging 
of the ureteroscope during the operation, which can result 
in severe hemorrhage by compressing the surrounding 
renal parenchyma or tearing the calyx neck by the working 

A B

Figure 2 Representative KUB radiography pre- and post-operation. A 40-year-old female underwent single-tract tubeless PCNL. 
Preoperative KUB shows staghorn stone in the right kidney (A); postoperative KUB demonstrated no residual stones (B). KUB, kidneys-
ureters-bladder; PCNL, percutaneous nephrolithotomy.
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sheath. It is very important to maintain a clear field of 
vision during the operation, which will reduce the incidence 
of residual calculi. (IV) The surgeon should be familiar with 
the calyces where the calculi are located and the calyces 
where the ureteroscope is located. This is helpful for 
finding residual calculi.

It is not easy to perform a perfect PCNL. Preoperative 
patient selection and strict indications is the premise. 
The main points of operation are accurate intraoperative 
puncture to establish the good working channel, and gentle 
operation during the operation to avoid complications. No 
complication is the premise for the tubeless PCNL at the 
end of procedure.

Correct intraoperative decisions to ensure postoperative 
safety

PCNL is complicated and can always change during the 
operation. Patients who were scheduled to undergo tubeless 
PCNL preoperatively will not always have tubeless PCNL 
implemented in the end.  In order to ensure postoperative 
safety, a series of intraoperative decisions must be made. 
Based on our experience, we summarize the following 
five points that should be confirmed during operation. (I) 
Confirm the puncture of the calyx dome and establish a 
working channel along the central axis of the calyx, because 
the risk of postoperative bleeding in such a working channel 

is the lowest (21). (II) Confirm all the stones are removed 
without the need for a second-look for residual calculi (22). 
Before the end of the operation, routinely use ultrasound 
or X-ray to reevaluate for residual stones. (III) Confirm 
the absence of perforation in the collecting system. In the 
past, a nephrostomy tube would be placed in patients with 
a perforation in the collecting system or after multichannel 
PCNL to avoid urinary obstruction or even severe infection 
caused by poor drainage (23,24). However, recent reports 
suggest that tubeless PCNL could be implemented after a 
minor perforation in the collecting system (25). It should 
be noted that two patients in our tubeless PCNL group 
had staghorn stones, and two working channels were used. 
The stone was confirmed to be completely removed and a 
nephrostomy tube was not placed. There was no obvious 
bleeding, urinary extravasation or other postoperative 
complications. Therefore, we believe that the tubeless 
PCNL can be also used in patients undergoing multichannel 
PCNL. (IV) Confirm that there is no ureteral stenosis, 
especially ureteropelvic junction obstruction (UPJO) to 
avoid postoperative obstruction. (V) After placement of the 
double-J tube, confirm there is no excessive bleeding around 
the working channel. The security guidewire should be 
placed to the renal pelvis and under ureteroscopic guidance, 
the peel-away sheath is pulled back to the margin of the 
renal calyx, followed by reducing the washing pressure 
or ceasing the washing. A 5-min observation is strongly 

Table 2 Operative and postoperative outcomes of patients who underwent PCNL

Variables Tubeless PCNL group PCNL group T (χ2) value P value

No. of cases (N) 37 5

Mean operative time (min) 25.6±7.8 30.3±6.6 1.283 0.207

Mean hospital stay (days) 3.2±1.3 6.2±2.8 4.147 <0.001

Stone clearance rate 100% (37/37) 100% (5/5) – –

Intraoperative blood loss (mL) 24.6±7.8 27.4±6.7 0.764 0.450

VAS pain

Operation day 4.02±1.15 5.32±1.63 2.261 0.029

Postoperative day 1 2.16±0.73 4.25±1.38 5.359 <0.001

Discharge day 1.37±0.75 2.24±1.03 2.333 0.025

Perioperative complications (Clavien-Dindo 
classification)

Level 1 2 1 0.799 0.424

Level 2 0 0 – –

PCNL, percutaneous nephrolithotomy; VAS, visual analog scale.
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recommended to rule out significant hemorrhage around 
the channel, especially arterial bleeding or massive venous 
bleeding. Finally, the security guidewire is removed and the 
operation is completed. In brief, if all five points are met, 
the tubeless PCNL can be implemented and postoperative 
safety is guaranteed to the most extent.

In summary, tubeless PCNL has several advantages and 
is relatively safe, but it may have great risks if the patients 
are not carefully selected. Based on our experience, we 
propose that appropriate cases should be evaluated in 
four aspects preoperatively, attention should be paid to 4 
key points during surgery, and 5 confirmations should be 
achieved. However, the selection criteria for tubeless PCNL 
still need to be further verified in prospective randomized 
controlled clinical trials.
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