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Abstract 

Background:  In recent years, the safety and effectiveness of one-stage percutaneous nephrolithotomy (PCNL) for 
the treatment of calculous pyonephrosis have been proven. In order to further reduce postoperative pain and hospi-
tal stay, we first proposed and practiced the idea of one-stage tubeless percutaneous nephrolithotomy for calculous 
pyonephrosis.

Methods:  A retrospective analysis was performed of case data of 30 patients with asymptomatic calculous pyone-
phrosis treated in our center with one-stage PCNL from January 2016 to January 2021. Patients were routinely given 
20 mg of furosemide and 10 mg of dexamethasone sodium phosphate injection intravenously at the beginning of 
anesthesia. Among them, 27 patients successfully underwent one-stage tubeless percutaneous nephrolithotomy, 
while 3 cases were given indwelling nephrostomy tubes because of proposed second-stage surgery or the number of 
channels was greater than or equal to 3. All patients were operated on by the same surgeon.

Results:  Preoperatively, 11 of 30 patients (8 men and 22 women) had positive urine bacterial cultures, and all were 
given appropriate antibiotics based on drug sensitivity tests. All patients completed the surgery successfully. The 
mean operative time was 66.6 ± 34.7 min, the mean estimated blood loss was 16.67 ± 14.34 mL and the mean 
postoperative hospital stay was 5.0 ± 3.1 days. The mean postoperative hospital stay was 4.6 ± 2.5 days among the 
27 patients with one-stage tubeless percutaneous nephrolithotomy. Of the 3 patients with postoperative fever, 2 had 
the tubeless technique applied. One patient with 3 channels was given renal artery interventional embolization for 
control of postoperative bleeding. None of the 30 patients included in the study developed sepsis. The final stone-
free rate was 93.3% (28/30) on repeat computed tomography at 1 month postoperatively. The final stone-free rate 
was 92.6% in the 27 patients undergoing one-stage tubeless percutaneous nephrolithotomy (25/27).

Conclusions:  One-stage tubeless PCNL is an available and safe option in carefully evaluated and selected calculous 
pyonephrosis patients.
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Background
Calculous pyonephrosis is a group of diseases in which 
urinary stones cause upper urinary tract obstruction, 
resulting in intrapelvic hypertension and subsequent 
purulent infection of the kidney. Upper urinary tract 
stone obstruction can lead to purulent urine infiltra-
tion into the renal parenchyma, causing impaired renal 
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function, so relieving the obstruction and draining the 
pus is the key to treatment [1]. Staged treatment of calcu-
lous pyonephrosis can be chosen, i.e., adequate drainage 
and anti-infective treatment by placing a nephrostomy 
tube in the first stage. After the drained urine becomes 
clear and the bacterial culture is negative, second-stage 
lithotripsy via PCNL can be performed to prevent uro-
genic sepsis caused by bacterial and endotoxin reflux due 
to high perfusion pressure [2]. However, staged treatment 
of calculous pyonephrosis inevitably increases the length 
of the hospital stay and prolongs the duration of painful 
discomfort caused by indwelling nephrostomy tubes.

With the continuous development of percutaneous 
nephrolithotomy and further improvement of surgical 
instruments [3], the concept of one-stage percutaneous 
nephrolithotomy for calculous pyonephrosis has been 
accepted by urologists [1, 4–6]. A study by Huang et al. 
[7]. demonstrated that one-stage PCNL for calculous 
pyonephrosis reduced the length of hospital stay and 
treatment costs while ensuring patient safety. In addition, 
a meta-analysis by Xun et  al. [8]. showed that tubeless 
PCNL reduced the patient’s hospital stay by 1.27 days, 
allowed for an earlier return to normal activity by 4.24 
days, reduced the need for postoperative analgesia, and 
reduced the risk of urinary leakage compared to stand-
ard PCNL. Crook et al. [9] also showed that the tubeless 
PCNL technique significantly reduced postoperative pain 
and the length of hospital stay without increasing the 
incidence of postoperative complications. Therefore, it is 
reasonable to conclude that one-stage PCNL combined 
with the tubeless technique is feasible for the treatment 
of calculous pyonephrosis.

Since 2016, we have been practicing one-stage tubeless 
PCNL for carefully evaluated and selected patients with 
calculous pyonephrosis and have achieved good results 
so far, which are reported as follows.

Methods
Patients
We retrospectively analyzed the clinical data of 30 
patients with a postoperative diagnosis of asymptomatic 
calculous pyonephrosis who were treated with PCNL in 
the Department of Urology, Affiliated Hospital of Jining 
Medical University, from January 2016 to January 2021. 
We defined asymptomatic calculous pyonephrosis as a 
patient diagnosed with a renal stone by computed tomog-
raphy (CT), who did not require emergency surgery to 
remove the obstruction to protect their renal function, 
who had no preoperative diagnosis of a systemic inflam-
matory response syndrome, and who was observed 
intraoperatively to have turbid purulent fluid, pus accu-
mulation in the kidney or pus moss attached to the stone. 
The patients’ general condition, laboratory parameters, 

imaging findings, and surgical data were obtained from 
our center’s electronic medical record database.

Clinical data
Pre-, intra- and post-operative clinical data of the patients 
were collected. The preoperative data collected included 
imaging and laboratory findings in addition to baseline 
characteristics such as patient gender, comorbidities, and 
age. The results of the full ureteral CT were collected for 
ascertaining the location, type of stone (solitary stone, 
staghorn stone, multiple stones), size, CT value of the 
main part of the stone and the degree of hydronephrosis 
(mild, moderate, severe). Laboratory test data related to 
the infection were collected, including blood leukocytes, 
urine routine, urine bacterial culture and drug sensitivity 
tests. Patients with positive urine bacterial cultures were 
given antibiotics based on the drug sensitivity tests, and 
the rest were given empirical antibiotics. Surgical data 
were collected on the surgical procedure, operative time, 
and estimated intraoperative bleeding. Postoperative 
data were collected mainly on complications, immediate 
stone-free rate, and final stone-free rate.

The absence of residual stones or residual 
stones ≤ 4  mm was defined as stone-free [10]. CT was 
reviewed at 3–5 days and 1 month postoperatively, 
respectively, and was used to assess the patients’ immedi-
ate stone-free rate and final stone-free rate. The Clavien–
Dindo grading system [11] was used to grade the patients 
for postoperative complications. A clinical diagnosis of 
sepsis was made for patients with a score of ≥ 2 on the 
sequential organ failure assessment (SOFA) scale [12].

Surgical method
All 30 patients were given static inhalation compound 
anesthesia, and 20 mg of furosemide and 10 mg of dexa-
methasone sodium phosphate injection were given by 
intravenous push at the beginning of anesthesia. After 
the onset of anesthesia, 11 patients were placed in the 
truncated position, the F5 ureteral catheter was placed 
retrogradely, while the F16 catheter was left in the prone 
position; 19 patients were placed in the prone position 
after direct catheterization. Routine disinfection and 
towel laying were performed.

The best puncture site was selected between the mid-
axillary line and the parascapular line on the affected 
side, and the target renal calyces were located under 
ultrasound (Mindray Portable  M5, Shenzhen, China ) 
guidance. After the 18G puncture needle successfully 
entered the collecting system, the needle core was with-
drawn, and white turbid purulent fluid was seen in some 
patients. For these patients, the pus was retained and 
sent for bacterial culture and drug sensitivity testing, and 
anti-infective treatment was performed with intravenous 



Page 3 of 7Guo et al. BMC Urology           (2022) 22:29 	

imipenem. A 0.038-inch zebra wire was introduced, the 
skin was incised at the puncture site for approximately 
0.8  cm, and then the F20 fascial dilator was introduced 
using the one-shot dilatation method to establish percu-
taneous renal access. A F8.0/9.8 ureteroscope (Richard 
Wolf, Knittlingen, Germany) was inserted and connected 
to a suction device (a common negative pressure suction 
device used for blood suction during laparoscopic sur-
gery) to aspirate the visible pus. After removing the puru-
lent secretions, a holmium laser (Curestar HANS-H75, 
Hefei, China) and/or pneumatic ballistics (Funard, Bei-
jing, China) were introduced for lithotripsy. Stone frag-
ments were removed promptly during lithotripsy to avoid 
increased intrapelvic pressure due to stone obstruction 
between the sheaths.

For patients from which we could not remove the kid-
ney stones with a single access, we performed multiple 
accesses stone removal. Patients who planned to undergo 
second-stage lithotripsy (1 case) or had 3 or more percu-
taneous renal accesses (2 cases) were treated with a post-
operative indwelling nephrostomy tube to reduce the risk 
of infection. The remaining patients (27 cases) did not 
have indwelling nephrostomy tubes placed. All patients 
were operated on by the same surgeon.

Statistical methods
We used Excel for data entry. SPSS 25.0 was used for 
data analysis. The measurement data are expressed as 
mean ± standard deviation. Count data are described 
using the number of cases.

Results
In this study there were 8 men and 22 women. Seven 
patients had hypertensive disease and 4 had diabetes 
mellitus. The mean age of the patients was 53.8 (29–79) 
years with a mean body mass index 25.5 ± 5.2  kg/m2. 
CT findings throughout the ureter suggested that the 
stones were located in the right kidney in 12 cases and 
in the left kidney in 18 cases. There were single stones in 
5 cases, staghorn stones in 9 cases and multiple stones in 
16 cases; the CT value of the main part of the stones was 
844.14 ± 340.51 HU; all were accompanied by different 
degrees of hydronephrosis. The mean preoperative blood 
leukocyte was 7.0 ± 2.5 (109/L) in 30 patients.

The 11 patients with a positive urine culture in the 
middle segment were treated with antibiotics selected 
based on drug sensitivity tests. The other 19 patients 
with negative urine cultures were given empirical broad-
spectrum antibiotics. The median duration of antibiotic 
use was 3 (1–10) days in all patients. The preoperative 
urine routine suggested 8 patients with positive nitrite, 
of which 7 had a positive urine culture (5 Escherichia 
coli and 2 Klebsiella pneumoniae). Patient-specific basic 

information and their stone characteristics are summa-
rized in Table 1.

All 30 patients were successfully treated in one stage, 
with a mean operative time of 66.6 ± 34.7 min and a mean 
estimated intraoperative blood loss of 16.67 ± 14.34 mL. 
The mean postoperative hospital stay was 5.0 ± 3.1 days. 
The mean postoperative hospital stay was 4.6 ± 2.5 days 

Table 1  Basic information and stone characteristics of the 
patients (n = 30)

BMI body mass index, CT computed tomography, SD standard deviation, WBC 
white blood cell

Patient Information Results

Age (years, mean ± SD) 53.8 ± 11.8

Gender [cases, (%)]

 Male 8/30 (26.7)

 Female 22/30 (73.3)

BMI [kg/m2, cases, (%)]

 < 18.5 1/30 (3.3)

 18.5–24.9 14/30 (46.7)

 > 25.0 15/30 (50.0)

Underlying disease [cases, (%)]

 None 19/30 (63.3)

 Hypertensive disease 7/30 (23.3)

 Diabetes mellitus 4/30 (13.3)

Stone location [cases, (%)]

 Right 12/30 (40.0)

 Left 18/30 (60.0)

Type of stone [cases, (%)]

 Solitary stone 5/30 (16.7)

 Staghorn stone 9/30 (30.0)

 Multiple stones 16/30 (53.3)

 Length of single and staghorn stone (mm, mean ± SD) 29.6 ± 10.9

 Multiple stones length diameter (mm, mean ± SD) 56.7 ± 19.1

CT values of stones [HU, cases, (%)]

 < 800 17/30 (56.7)

 ≥ 800 13/30 (43.3)

Hydronephrosis [cases, (%)]

 Mild 11/30 (36.7)

 Moderate 11/30 (36.7)

 Severe 8/30 (26.6)

 Preoperative blood WBC (109/L) 7.0 ± 2.5

Preoperative urine culture [cases, (%)]

 Negative 19/30 (63.3)

 Escherichia coli 7/30 (23.3)

 Klebsiella pneumoniae 2/30 (6.7)

 Pseudomonas aeruginosa 1/30 (3.3)

 Aspergillus chimaera 1/30 (3.3)

Preoperative urine nitrite [Example, (%)]

 Positive 8/30 (26.7)

 Negative 22/30 (73.3)
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for the 27 patients with one-stage tubeless percutaneous 
nephrolithotomy. Postoperative anti-infective treatment 
with imipenem was continued for 2–3 days for the 19 
patients with severe pus accumulation in the kidney. The 
pus was cultured and 11 of them were positive, and anti-
bacterial drugs were continued according to the results of 
the drug sensitivity test.

Postoperative infrared spectroscopy was used to deter-
mine the composition of the stones, and 14 cases were 
found to contain infected stones, while the remaining 15 
cases had calcium oxalate as the main component and 1 
case had anhydrous uric acid.

The mean postoperative blood leukocyte was 9.6 ± 4.3 
(109/L) in 30 patients. Three patients developed an 
elevated body temperature (> 38.5  °C) postoperatively, 
two of whom were patients who underwent one-stage 
tubeless percutaneous nephrolithotomy. As a Cla-
vien–Dindo grade I complication, we continued to give 
antibacterial drugs and symptomatic treatment and all 
improved; one 3-channel patient developed postop-
erative hematuria and decreased hemoglobin to 70 g/L 

and was given renal artery interventional embolization 
(Clavien–Dindo grade IIIa), and the patient’s condition 
was controlled. None of the 30 patients included in this 
study developed sepsis.

The immediate stone-free rate and final stone-free rate 
were 83.3% (25/30) and 93.3% (28/30) in 30 patients when 
CT was repeated 3–5 days and 1 month after surgery, 
respectively. The immediate and final stone-free rates 
were 92.6% (25/27) for the 27 patients who did not have 
an indwelling nephrostomy tube. One of the patients 
with residual stones had an intraoperative nephrostomy 
tube placed because of the prolonged operation due to 
the stone filling in multiple calyces, and the stone was 
removed in a second stage operation 1 week later. Four 
patients had residual stones less than 10 mm in size, and 
2 of them expelled them within 1 month after the opera-
tion. The other two patients without tubularization were 
treated with extracorporeal shock wave lithotripsy, and 
the stones were expelled successfully. The surgical results 
and postoperative complications of the patients are sum-
marized in Table 2.

Table 2  Surgical outcomes and postoperative complications of the patients (n = 30)

Statistical variables Results

Operative time (min, mean ± SD) 66.6 ± 34.7

Estimated intraoperative bleeding volume (mL, mean ± SD) 16.7 ± 14.3

Retained nephrostomy tube [cases, (%)]

 Yes 3/30 (10.0)

 None 27/30 (90.0)

Postoperative hospital stay of all 30 patients (day, mean ± SD) 5.0 ± 3.1

Postoperative hospital stay of the 27 one-channel patients (day, mean ± SD) 4.6 ± 2.5

Pus culture [cases, (%)]

 Negative 8/19 (42.1)

 Aspergillus chimaera 5/19 (26.3)

 Escherichia coli 3/19 (15.8)

 Klebsiella pneumoniae 2/19 (10.5)

 Pseudomonas aeruginosa 1/19 (5.3)

Postoperative blood WBC (109/L) 9.6 ± 4.3

Postoperative complications [cases, (%)]

 None 26/30 (86.7)

 Body temperature > 38.5 °C 3/30 (10.0)

 Hemorrhage 1/30 (3.3)

 Sepsis, peripheral organ damage, death 0

Immediate stone-free rate in all 30 patients [cases, (%)] 25/30 (83.3)

Final stone-free rate in all 30 patients [cases, (%)] 28/30 (93.3)

Immediate stone-free rate in the 27 one-channel patients [cases, (%)] 25/27 (92.6)

Final stone-free rate in the 27 one-channel patients [cases, (%)] 25/27 (92.6)

Major stone composition [cases, (%)]

 Calcium oxalate stones 15/30 (50.0)

 Infected stones 14/30 (46.7)

Anhydrous uric acid stones 1/30 (3.3)
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Discussion
Percutaneous nephrolithotomy has become the first 
choice for the treatment of complex stones [13], and 
postoperative drainage with a nephrostomy tube is 
routine. Bellman [14] first introduced tubeless PCNL, 
which means that no nephrostomy tube is left in place 
after surgery. The advantages of tubeless PCNL are 
mainly reflected in the obvious reduction of postopera-
tive pain, the reduced need for analgesic drugs, and the 
shortening of the postoperative hospital stay and the 
time to return to normal activities. With the accumula-
tion of surgical experience and the continuous develop-
ment of surgical instruments, this procedure has been 
slowly accepted.

Previous treatment options for calculous pyonephro-
sis were based on staged surgery, and studies of one-
stage PCNL for calculous pyonephrosis have also been 
reported, but there are no previous reports on the appli-
cation of tubeless PCNL in the treatment of calculous 
pyonephrosis. We first proposed the concept of one-stage 
tubeless PCNL for the treatment of calculous pyonephro-
sis. However, this surgical option may be too aggres-
sive for certain patients with obvious signs of infection. 
Therefore, in this study, we only share our experience of 
performing one-stage tubeless PCNL in patients with 
what we define as asymptomatic calculous pyonephrosis.

The establishment of percutaneous renal channels 
requires identification of the target calyces and precise 
puncture of the target based on preoperative CT and 
intraoperative ultrasound exploration. In patients with 
more than two percutaneous renal channels, there is a 
relative increase in damage to the renal parenchyma, 
which can disrupt the barrier function of the collecting 
system, introducing the possibility of bacteria and their 
toxins entering the bloodstream, increasing the risk of 
postoperative infection [15]. In this study, nephrostomy 
tubes were placed for adequate drainage in patients with 
three and four channels.

After establishing percutaneous renal access, the 
F8.0/9.8 ureteroscope was introduced and connected to 
a negative pressure suction device commonly used in the 
operating room to clean up the pus by negative pressure 
suction and fully expose the required field of view for 
lithotripsy, which is a simple, convenient, and economi-
cal method. Holmium laser and/or pneumatic ballast is 
applied for lithotripsy. During lithotripsy, a large number 
of bacteria are present within the stone and can enter the 
urinary collecting system. The operation time needs to 
be kept as short as possible, and for those found to have 
excessive stone load during lithotripsy, the operation 
needs to be conducted in two stages. After the first stage, 
we place a nephrostomy tube and then perform a second 
stage operation later.

Hoslt et  al. [16] showed that the normal intrapelvic 
pressure is about 7.35 mmHg, and an intrapelvic pres-
sure above 30 mmHg will lead to reflux of the renal pelvic 
veins and lymphatic vessels. Thus, attention needs to be 
paid to timely intraoperative cleaning of the debris accu-
mulated in the peel-away sheath to avoid obstruction of 
the perfusate outflow. This can cause intrapelvic hyper-
tension, which can cause reflux of bacteria and their tox-
ins into the circulatory system, leading to the possibility 
of sepsis or even infectious shock [17].

An analysis of risk factors for the development of sepsis 
after calculous pyonephrosis surgery in one study found 
that intraoperative hypotension and emergency surgery 
were independent variables associated with intraop-
erative and postoperative urinary sepsis [1]. We believe 
that it is feasible to perform tubeless PCNL in patients 
with calculous pyonephrosis who have no obvious pre-
operative signs of infection, no massive intraoperative 
bleeding, no intraoperative kidney perforation or severe 
urinary extravasation, and no ureteral injury or obstruc-
tion. This is because it is more in line with the concept 
of rapid postoperative recovery while ensuring safety and 
effectiveness, and it also reduces the financial pressure on 
the patient. In this study, the mean postoperative length 
of stay was 4.6 ± 2.5 days in 27 patients with tubeless 
PCNL, which was increased to 5.0 ± 3.1 days by the addi-
tion of 3 additional patients with indwelling nephrostomy 
tubes. Although this study was not as rigorous as a rand-
omized controlled trial, we believe it has some reference 
value. However, to ensure the successful implementa-
tion of this treatment option, the operator needs to have 
extensive surgical experience, to master the lithotripsy 
technique to shorten the operation time, and to use anti-
microbial drugs appropriately.

In patients with renal pus due to upper urinary tract 
stone obstruction, studies have shown that the incidence 
of postoperative urogenital sepsis ranges from 0.3–4.7% 
[18]. To reduce the likelihood of serious infection, it is 
important to use antimicrobial drugs appropriately at 
all stages during the treatment process. In this study, 
30 patients enrolled in the study had preoperative mid-
stage urine cultures and only 11 were positive, which is 
consistent with Aron et  al. [19], who reported that the 
preoperative rate of positive mid-stage urine cultures 
in patients with stony sepsis without signs of infection 
was < 50%. For patients with positive urine cultures, we 
administered sensitive antibiotics based on drug sensi-
tivity tests, and all patients with negative urine cultures 
were selected for empirical anti-infective treatment with 
broad-spectrum antibacterial drugs. Preoperative urine 
routine suggested that 8 patients were positive for nitrite, 
and 5 of them had positive urine culture for Escherichia 
coli. Since Enterobacteriaceae can convert nitrate to 
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nitrite [20], the possibility of E. coli infection is higher in 
patients with positive preoperative nitrite and requires 
vigilance.

In this study, 30 patients were given 20  mg of furo-
semide and 10 mg of dexamethasone sodium phosphate 
injection in conjunction with preoperative anesthesia. 
Furosemide can reduce the reflux and absorption of bac-
teria and their toxins due to intraoperative perfusion 
caused by intrapelvic hypertension by inhibiting renal 
tubular reabsorption and increasing the glomerular filtra-
tion rate. Dexamethasone has an anti-inflammatory and 
antipyretic effect, and the combination of the two may 
reduce the incidence of urogenic sepsis after PCNL [21]. 
We gave imipenem intraoperatively to patients with renal 
pus, and considering the higher risk of sepsis, we contin-
ued imipenem treatment for 2–3 days postoperatively 
and then chose antibiotics to continue treatment accord-
ing to the patient’s drug sensitivity results. Although 
none of the patients in this study developed sepsis post-
operatively, vigilance is required. Once a patient develops 
urogenital sepsis postoperatively, a combination of fluid 
resuscitation, anti-infection and removal of the source of 
infection is required[22].

One-stage tubeless PCNL was performed in 27 of 
the 30 patients included in our center, and two patients 
developed postoperative fever, which we considered to be 
related to surgical stress, and both improved after symp-
tomatic treatment was given. The immediate stone-free 
rate was 92.6% on repeat CT from 3 to 5 days after sur-
gery, which was similar to the rate previously reported in 
the literature [10], and the final stone-free rate remained 
at 92.6% after 1 month. Extracorporeal shock wave litho-
tripsy was given to the patients with residual stones and 
the stones were successfully expelled. This is an explora-
tory study and all procedures were performed by the 
same experienced operator in our center. Our findings 
have confirmed the effectiveness and safety of this surgi-
cal protocol.

To the best of our knowledge, this study is the first to 
propose the idea of one-stage tubeless percutaneous 
nephrolithotomy for the treatment of calculous pyo-
nephrosis, and the safety and efficacy of tubeless PCNL 
were initially confirmed in this study. However, this study 
still has some limitations. First, this is a single-center 
retrospective study and the presence of selection bias is 
inevitable, making it difficult to interpret our results more 
internationally and avoid bias altogether. The small sam-
ple size is another disadvantage, which makes the results 
we care about (complications, stone-free rate, etc.) likely 
to be inaccurate. A multicenter, large randomized con-
trolled trial of one-stage percutaneous nephrolithotomy 
versus one-stage tubeless percutaneous nephrolithotomy 
for the treatment of calculous pyonephrosis is necessary 

to further evaluate the advantages and disadvantages of 
tubeless PCNL in the context of the major drawbacks of 
this study.

Conclusions
In conclusion, for patients with calculous pyonephropa-
thy who had no obvious signs of infection before surgery 
and were accidentally discovered during surgery, one-
stage tubeless percutaneous nephrolithotomy has good 
efficacy and safety.
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