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Abstract: Percutaneous nephrolithotomy (PCNL) has been widely accepted and is commonly used to treat renal calculi.
The optimal drainage of kidney after PCNL has not been clearly determined yet. Placement of an 18F to 24F nephrostomy
tube at the end of the procedure is accepted as standard of care to date. The main advantages are adequate renal drainage,
hemostatic tamponade and providing renal access for second look PCNL. However, based on the concept that the purpose
of the tube is only to maintain adequate drainage of the kidney, a “tubeless” approach has been developed by placing a
ureteral stent or catheter to provide drainage after PCNL instead of a nephrostomy tube. Tubeless PCNL is an effective
and safe procedure for treatment of renal stones in selected cases. This procedure can even be chosen for patients with
previous renal surgery, and hemorrhagic tendency. By using this method, less postoperative pain and a shorter hospital
stay can be achieved, when compared with conventional PCNL. There is a controversy over ideal drainage system after
PCNL in recent years. Herein, we made a systematic review for efficacy and safety of tubeless PCNL, totally tubeless
PCNL, discussed different variations and compared the outcomes of this technique with standart PCNL.

Keywords: Complications, percutaneous renal surgery, renal stones, totally tubeless, tubeless percutaneous nephrolithotomy,
urolithiasis.
BACKGROUND

MATERIALS AND METHODS

Percutaneous nephrolithotomy (PCNL) has been widely
accepted and commonly used to treat renal calculi [1]. The
optimal drainage of kidney after PCNL has not been clearly
determined yet. Placement of an 18F to 24F nephrostomy tube
at the end of the procedure is accepted as standart of care to
date. The main advantages are adequate renal drainage, hemostatic tamponade and providing renal access for second look
PCNL.

Randomized or quasi-randomized controlled trials and
retrospective studies having high number of patients were
selected from the following sources: Cochrane Central Register
of Controlled Trials (CENTRAL), medline, EMBASE, pubmed
et al. These heading terms were used for searching the studies:
percutaneous nephrolithotomy, tubeless percuta-neous nephrolithotomy, tubeless, nephrostomy tube or nephrostomy drainage.
The retrieval time ended in April 2013.

However, based on the concept that the purpose of the
tube is only to maintain adequate drainage of the kidney, a
“tubeless” approach has been developed by placing a ureteral
stent or catheter to provide drainage after PCNL instead of a
nephrostomy tube.
Today, several studies are stating the superiority of tubeless
PCNL over conventional PCNL in terms of less morbidity,
lower postoperative pain and a shorter hospital stay [2-5].
AIM
As a result, there is a controversy over ideal drainage system
after PCNL in recent years. Here, we made a systematic review
for efficacy and safety of tubeless PCNL, totally tubeless
PCNL, discussed different variations and compared the
outcomes of this technique with standart PCNL.
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RESULTS
History of Tubeless PCNL
In 1984, Wickham et al. first published the results of 100
patients who underwent PCNL in whom no ureteral catheter,
no stent or no nephrostomy tubes were used. They concluded
that, this approach was safe and efficient with shorter
hospital stay (<24 hours) [6]. In 1997, Bellman et al.
reported the results of 20 patients with small stone burdens
who underwent tubeless PCNL [7]. The authors stated that
this technique was uncomplicated and had the advantages of
less hospitalization time and decreased analgesic requirements.
Totally Tubeless PCNL
As firstly described by Wickham et al., another technical
variation of tubeless PCNL is totally tubeless approach [6].
They concluded that if the operated kidney was stone free,
collecting system was intact and there wasn’t any excessive
2014 Bentham Open
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bleeding, there was no need for nephrostomy drainage [6].
However, in 1986, Winfield et al. published the complications
of 2 patients who had undergone a PCNL operation for simple
upper tract calculi and early nephrostomy tube removal [8].
They experienced serious hemorrhage and urinary
extravasation, urinoma requiring internal stenting, transfusion
and prolonged hospitalization. This study was a cornerstone
for the consideration of nephrostomy tube drainage should be
provided during the first 24 to 48 hours after PCNL.
Today, there are few successful reports of totally tubeless
PCNL. They mentioned that the hospitalization time, return to
normal activities and analgesia requirements were
significantly less in totally tubeless group, when compared
with conventional PCNLs [9-11].
This approach was applied by Aghamir et al. for patients
having renal anomalies like horseshoe kidneys, rotational
anomalies and ectopic kidneys [12]. The differences between
tubeless and standart PCNL groups in terms of operation time,
transfusion rates, complications, retreatment and overall stone
free rate were not statistically significant. The hospitalization
time, return to nomal activities and analgesia requirements
were statistically lower in totally tubeless group.
In a recent study, same group assessed the outcome and
safety of the totally tubeless PCNL in patients with renal
stones in the upper pole of the kidney and subcostal access
[13]. Seventy patients with upper pole renal stones were
enrolled in this study. Stone sizes were over 1.5 cm. All the
stones were extracted through successful subcostal accesses.
They stated that totally tubeless PCNL for the upper pole renal
stone via subcostal access was accompanied by decreased
hospital stay and analgesics use and a rapid return to normal
activity.
These studies suggested that the best drainage of the
kidney was the normal peristalting ureter. However, this
approach has not been accepted worldwide, due to obstruction
chance of the ureter with stone fragments or blood clots after
stone extraction. Most centers prefer some kind of internal
drainage after tubeless procedures.
Tubeless PCNL vs Conventional PCNL
To the best of our knowledge, there are only 3 studies in the
literature comparing tubeless PCNL with standart nephrostomy
drainage in a randomized fashion [2,3,14]. Desai et al. reported
the results of a study that compared large and small
nephrostomy drainage tubes with tubeless PCNL [2]. The main
inclusion criteria was single subcostal access and absence of
previous surgery on the ipsilateral renal unit. There were 10
cases in each study group. The stone burden ranged between
243 mm2 and 264 mm2. Marcovich et al. likewise compared
large and small nephrostomy tubes and tubeless PCNL in a
randomized study [3]. There were 20 patients in each study
group, and the main exclusion criteria were previous surgery on
the ipsilateral renal unit and the need for supracostal puncture.
The stone sizes were between 3 and 3.6 cm. Feng and
colleagues compared the results of standart PCNL, mini-PCNL,
and tubeless PCNL. The number of patients in each study group
ranged from 8 to 10 [14]. Similar to previously reported studies,
their exclusion criteria was patients having more than 2 access
tracts. The stone burden ranged between 4.38 and 8.36 cm2.
Marcovich et al. could not find any overwhelming advantage of
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any drainage system over the others [3]. The other 2 studies
demonstrated that tubeless PCNL was associated with the less
postoperative pain and urinary leakage, shorter hospital stay,
and lower morbidity [2,14].
Tubeless PCNL in Obese Patients
Yang et al. reported safe and effective tubeless percutaneous
renal surgery in obese and morbidly obese patients [15]. They
analysed the clinical data of a subset of patients who were
considered normal weight (Body Mass Index (BMI): 18.5-25),
overweight (BMI: 25-30), obese (BMI: 30-40) and morbidly
obese (BMI>40). Of these patients, 5 (3.8%) were morbidly
obese, 28 (21.2%) were obese, 55 (41.4%) were considered
overweight. The influence of BMI on the transfusion rates, days
of hospitalization, and stone free outcome was compared. The
stone group did not demonstrate statistically significant
relationships between BMI and transfusion rate, length of
hospitalization and stone free rate.
Tubeless PCNL Choice
Most studies focused on choosing tubeless PCNL only in
selected patients with uncomplicated stones [6,7,16]. The
inclusion criteria for tubeless PCNL was a single renal
access (not supracostal), stone burden < 3 cm, operation time
less than 2 hours, no significant perforations and bleeding,
no requirement for second look procedure and complete
clearance of stones.
Tubeless PCNL After Supracostal Access?
In 2007, Sofikerim et al. published the results of 48 patients
who underwent PCNL via supracostal accesses [17]. The
patients were randomized to either have an 18F re-entry
nephrostomy tube (Group 1) or a 6F double J (D-J) stent (Group
2). The two groups were well matched for age, sex, stone size,
stone laterality, and number of previous renal procedures.
Postoperative visual analog pain scale (VAS) scores at 8, 24
hours and 14 days after surgery, analgesic use in hospital, length
of hospital stay, success rate, blood transfusion rate and
postoperative complications were compared for 2 groups. The
group 2 had statistically significant decreased hospital stay,
lower analgesic requirement and VAS scores at 8 and 24 hours
after surgery. The rate of blood transfusion in the 2 groups was
similar. There was no difference between the groups in VAS
scores on postoperative day 14. Interestingly, the number of
supracostal accesses was significantly higher in group 2 than
group 1. There was no urine leakage or formation of urinoma in
patients with D-J stents. The authors concluded that tubeless
PCNL was safe and effective even after supracostal access and
was associated with less postoperative pain and a shorter
hospital stay.
Tubeless PCNL in Children
In a recent study, Bilen et al. analysed the outcomes of
tubeless mini percutaneous nephrolithotomy in infants and
preschool children, and compared them with age matched
controls, who underwent nephrostomy drainage [18]. A total of
28 renal units in 26 children were operated for stone disease
using the mini percutaneous nephrolithotomy. Children who
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were stone free and had a clear nephrostomy tract were inserted
ureteral catheters. Those with residual stones or bleeding from
the nephrostomy tract underwent nephrostomy drainage. Both
groups were compared in terms of patient and stone
characteristics, post operative findings. They found that surgery
and fluoroscopy times were shorter in the tubeless group.
Complication rates were higher and hospital stay was longer in
the nephrostomy group. Tubeless group had a 91.6% stone free
rate, whereas nephrostomy group had a rate of 78.5%.
According to the results, they concluded that tubeless percutaneous nephrolithotomy could be a safe option for selected
children with renal stone disease. Patient selection like low
stone volume and infection free stones that were removed
completely without bleeding was the most important factor for
safety and success of the procedure.
Salem and colleagues assessed the effectiveness of tubeless
PCNL in 20 children with an average age of 7.5 years [19].
There was no significant bleeding intra or postoperatively. They
concluded that tubeless PCNL had the advantages of lower
hospital stay and pain, when compared with a group of 10
children having similar characteristics with nephrostomy
drainage.
Tubeless PCNL in Obese Patients
Yang et al. reported safe and effective tubeless percutaneous
renal surgery in obese and morbidly obese patients [15]. They
analysed the clinical data of a subset of patients who were
considered normal weight (Body Mass Index (BMI): 18.5-25),
overweight (BMI: 25-30), obese (BMI: 30-40) and morbidly
obese (BMI>40). Of these patients, 5 (3.8%) were morbidly
obese, 28 (21.2%) were obese, 55 (41.4%) were considered
overweight. The influence of BMI on the transfusion rates, days
of hospitalization, and stone free outcome was compared. The
stone group did not demonstrate statistically significant
relationships between BMI and transfusion rate, length of
hospitalization and stone free rate.
Tubeless PCNL with Previous Open Surgery
Shah et al. published the results of 25 patiens with a history
of ipsilateral open surgery who underwent tubeless PCNL [20].
Their exclusion criteria was cases requiring more than 2
accesses, significant bleeding, and a significant residual stone
burden that required a second look PCNL. The perioperative
outcome of these patients was retrospectively compared with
same number of patients having conventional PCNL with
previous open renal surgery. They found that tubeless group
required less analgesics and had a 10 hour earlier discharge.
They concluded that this technique was safe and had the
advantages even in cases with a history of open renal surgery.
Safety of Tubeless PCNL in Patients with Hemorrhagic
Diatesis
Jou and colleagues reported their experience of performing
tubeless PCNL in patients with cirrhosis and on antiplatelet
therapy [21]. At the end of the procedure, all the bleeding points
were cauterized through renal access for hemostasis. There were
16 patients having antiplatelet therapy, and 6 were cirrhotic. The
average hospital stay was 3.8 days and the stone free rate was
87.5%. There was no uncontrolled hemorrhage during and after
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the operation, only one patient required blood transfusion
postoperatively. No patient experienced any thromboembolic
complications. Finally, they suggested that with careful
hemostasis, tubeless PCNL procedure can be applied to patients
having bleeding tendency.
Tubeless PCNL in Patients with Staghorn Calculi
The feasibility of tubeless PCNL was investigated in a very
recent study from Korea [22]. The aim of the study was to
investigate and compare the outcomes of conventional PCNL
and tubeless PCNL in patients with staghorn calculi. The study
had a retrospective nature and included a period of 9 years. A
total of 165 patients were enrolled in the study. Conventional
approach was preferred for 106 patients and tubeless for 59.
There were not any significant differences between two groups
in terms of sex, age, BMI, stone laterality. The mean stone
burden of conventional and tubeless approach was 633.6±667.4
mm² and 529.9±362.8 mm², respectively. They revealed a stone
free rate of 78% in patients who underwent tubeless PCNL; but
this value was 69.8% in patients who underwent conventional
approach. This difference was not statistically significant. The
interesting point was that when the complications like fever,
bleeding, infection between 2 groups were compared, no
significant differences were encountered. They concluded that
tubeless PCNL in patients with staghorn calculi had the same
outcomes of conventional approach and could be preferred in
this patient population. For prevention of hemorrhage, the
investigators placed 2 pieces of Cutanplast (Mascia Brunelli,
Italy) via the nephrostomy tract at the end of tubeless
procedures.
The Usage of Hemostatic Agents in Tubeless PCNL
The outcomes and efficacy of autologous fibrin sealant
usage in tubeless PCNL was investigated in a study [23]. The
investigation was a prospective study and included 43 patients
who underwent tubeless PCNL. The autologous fibrin sealant
was used in 15 patients and the other 28 was not. The
peroperative parameters like mean stone burden, sex, age,
laterality were statistically insignificant. The mean postoperative
hemoglobin value of patients with autologous fibrin sealant was
12.93±1.43 gr/dl and same value was 12.54±1.55 gr/dl for
patients without the sealant. The only statistically significant
difference between two groups was mean catheter duration. The
mean catheter duration of patients with fibrin sealant was
statistically lower than the others. They concluded that
autologous fibrin sealant did not affect the outcomes of tubeless
PCNL; but its use in PCNL was safe.
The usage of a new antihemostatic agent called as Ankaferd
Blood Stopper™ (ABS) was investigated in a recent study [24].
The study was prospective and included 90 patients. There were
2 groups, group 1 involved the patients in whom ABS was used
and the other not. Mean age, stone size, access number, serum
creatinine change, operation time, renal thickness, VAS score
and hospitalization time were not statistically different between
2 groups. Albeit the nephroscope time was longer in ABS
group, hemoglobin decrease and urine clarity time were
statistically lower when compared with the other group.
Hemoglobin decrease was 1.40±1.04 gr/dl in ABS group; but
this value was 1.84±1.15 gr/dl in control group (p=0.034). The
urine clarity of ABS and control group was 9.60±5.50 hours and
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11.95±4.71 hours, respectively (p=0.012). They concluded that
ABS was an efficient and reliable hemostatic agent in tubeless
PCNL.
Tachosil® was the another antihemostatic agent that was
used in tubeless PCNL tract similarly with local anesthetic
molecules that were used for relief of pain [25]. Its efficacy in
reducing urine leakage and bleeding was investigated in a
prospective, randomized trial [26]. A total of 100 patients who
underwent PCNL were randomized to either receive a 16Fr
nephrostomy tube (Group 1) or Tachosil in the tract (Group 2).
All of the patients were inserted d-j stents. They revealed that
tract related complications were significantly more common in
group 1 (25.5% vs 2%, p<0.001). Albeit the urinary leakage in
group 1 was statistically higher than group 2 (19.1% vs 2%,
p=0.007), the perirenal hematoma formation was not (6.4% vs
0%, p=0.113). There was not a statistically significant
difference among the groups in terms of analgesic doses and
VAS scores. The authors concluded that even failed in reducing
pain and analgesic requirement, Tachosil® provided better tract
control and shorter hospital stay than the group with
nephrostomy tube.
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CONCLUSION
Tubeless PCNL is an effective and safe procedure for
treatment of renal stones in selected cases. This procedure can
even be chosen for patients with previous renal surgery,
hemorrhagic tendency, high BMI, staghorn calculi and upper
pole stones. By using this method, less postoperative pain and a
shorter hospital stay can be achieved, when compared with
conventional PCNL. We think that these results should
encourage urologists for choice of tubeless PCNL in selected
cases. In the future, tubeless approach may be more palatable to
patients than standart PCNL in terms of less hospital stay and
lower analgesics requirement.
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