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Percutaneous nephrolithotomy: Large tube, small tube,
tubeless, or totally tubeless?
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ABSTRACT

The role of percutaneous nephrostomy tube for drainage after percutaneous nephrolithotomy (PCNL) procedure has
come under scrutiny in recent years. The procedure has been modified to use of small diameter tubes, ‘tubeless’ PCNL,
and even ‘totally tubeless’ PCNL. A review of the available literature confirms that the chosen method of drainage after
PCNL has a bearing upon the post-operative course. It is generally recognized now that small tubes offer benefit in terms
of reduced post-operative pain and morbidity. Similarly, nephrostomy-free or ‘tubeless’ PCNL, using a double-] stent
or ureteric catheter as alternative form of drainage, can be used with a favorable outcome in selected patients with the
advantage of decreased postoperative pain, analgesia requirement, and hospital stay. Although the tubeless technique
has been applied for extended indications as well, the available evidence is insufficient, and needs to be substantiated by
prospective randomized trials. In addition, ‘totally tubeless’ approach has also been shown to be feasible in selected patients.
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INTRODUCTION

Since its introduction in 1976, percutaneous
nephrolithotomy (PCNL) has evolved considerably
as a result of continued search for improvement in
technology and surgical skills toward minimizing
postoperative pain and morbidity.!") Postoperative
placement of percutaneous drainage tube through
the nephrostomy tract has been an integral part
of the standard PCNL, under the belief that
nephrostomy tube provides hemostasis along the
tract, avoids urinary extravasation, and maintains
adequate drainage of the kidney.”’ However, in
recent years, it has been recognized that the purpose
of the tube is only to maintain adequate drainage of
the kidney. In addition, there has been a growing
realization that substantial postoperative pain after
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PCNL is caused by nephrostomy tubes, leading to use of
smaller tubes and introduction of “tubeless” approach
which places a ureteral stent or catheter after PCNL
in lieu of the nephrostomy tube. More recently, there
have been several publications with “totally tubeless”
approach, wherein no ureteral stent or catheter was
employed. We performed a PUBMED database search to
retrieve all published articles relating to nephrostomy
tube in PCNL from 1976 till date, using the terms PCNL,
tubeless, and nephrostomy tube. Cross-references from
retrieved articles as well as articles from urology journals
not indexed were also accessed.

LARGE-BORE VERSUS SMALL-BORE NEPHROSTOMY
TUBE

Several studies have demonstrated the usefulness of small-bore
nephrostomy tube (NT) in terms of reducing morbidity of
percutaneous nephrolithotomy (PCNL).5# Mini-PCNL was
introduced with an aim to decrease morbidity associated
with larger nephroscope and tubes.5®! Chan et al.”! described
mini-PCNL with 13 F nephroscope, followed by placement
of 8 F NT.

Maheshwari et al.® performed a prospective study on
40 patients randomized between 28 F NT and 9 F pigtail
catheter placed at the end of the procedure. They reported
shorter duration of the urinary leak and hospital stay,
with less pain and less need for analgesic support in pigtail
nephrostomy group. In a meta-analysis of randomized
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controlled trials, Ni et al. found that the size of the NT
correlates with postoperative discomfort."!

TUBELESS PCNL

Published data on tubeless PCNL is summarized in Table 1.
Beginning as early as 1984, several reports have challenged
the standard placement of a percutaneous drainage tube
postoperatively. Wickham et al.l' reported one-stage
PCNL in 100 patients, where at the conclusion of case, no
internal or external drainage tubes were used. However,
Winfield et al.'V! subsequently reported two patients with
complications after extraction of simple upper tract calculi.
These patients experienced serious hemorrhage and urinary
extravasation necessitating transfusion, internal stenting, and
prolonged hospitalization. They recommended NT drainage
during the first 24-48 h after percutaneous stone extraction,
which was to become the standard practice subsequently.

In 1997, Bellman et al.'" presented “tubeless” percutaneous
approach involving placement of an internal ureteral stent
for drainage in place of NT. In their study, the hospitalization
time, analgesia requirements, time to return to normal
activity, and cost were significantly less with this new
technique. Several subsequent reports confirmed the
efficacy and safety of this technique. Delnay and Wake!'®!
reported a 94% stone-free rate with a mean length of stay
of 1.5 days in 33 tubeless percutaneous procedures. In 2002,
Limb and Bellman! reported a series of 112 patients who
underwent tubeless percutaneous renal surgery using an
internal ureteral stent. Patients stayed in the hospital for an
average of 1.25 days and 93% stone-free rate was achieved.

Gupta et al.™™ found tubeless PCNL to be effective and safe
in a study of 69 patients who underwent tubeless PCNL.

Singh et al.,'® in a study of 60 patients, found tubeless
PCNL to be associated with minimal morbidity, shorter
hospital stay, and less pain and analgesia requirement
as compared to standard PCNL, without compromising
effectiveness and safety. Shah et al.l'"”) reported feasibility
of tubeless PCNL is in a study of 25 patients with a history
of open renal surgery.

In the largest prospective randomized trial published yet,
in 202 patients treated at our center, tubeless PCNL was
found to have significant advantages over standard PCNL
in terms of postoperative pain, morbidity, hospital stay,
and period of convalescence.!’¥ The difference in average
blood loss and urinary infection for the two groups was
not statistically significant. The average hospital stay in
the tubeless group was less than 24 h (21.8 + 3.9 h) and
was significantly shorter than that of the standard PCNL
group (54.2 +5h) (P < 0.01).

In most of these studies, the tubeless technique was
applied on the basis of criteria that included careful
selection of cases, no intraoperative complications,
minimal bleeding, and complete clearance at the end of
the procedure [Table 2]. In several single-center studies,
the technique has also been reported successful in obese
patients, children, recurrent stones, solitary kidneys,
deranged renal function, and in staghorn stones requiring
multiple access tracts, supracostal puncture, or bilateral
simultaneous PCNL.["*?2l Degree of obstruction, anatomic
variation of renal shape and position, and elevated serum
creatinine were also not considered contraindications
to tubeless PCNL.[?! However, for all these extended
indications, the available evidence is insufficient, and needs
to be substantiated by prospective randomized, preferably
multi-centric trials.

Table 1: Reports of tubeless PCNL

Author(s) No. of pts Mean stone burden Method of drainage Hospital stay (days) Stone-free rates (%)
Goh and Wolft® 2000 10 1.8 cm EUC (6), JJs (4) 2.3 80
Bellman et al.l"! 1997 50 - JJsN (30), JJs (20) 0.6 -
Delnay and Wake!®™! 1998 33 - JJs 1.5 94
Limb and Bellman!" 2002 112 3.3cm? lIs 1.2 93
Singh"1 2008 10 161 mm? EUC 1.6 100
Agrawal et al.l"®1 2008 101 3.8cm? IS 21.8 h 100
Feng et al.l?* 2001 8 4.4 cm? lIs 1.9 85.7
Desai et al.?1 2004 10 250 mm? IS 3.4 -
Lojanapiwat et a/.?8! 2001 37 3.06 cm EUC 3.63 92
Karami et al.®® 2007 201 3cm EUC 3.5 91.04
Yew and Bellman®" 2003 4 >3 cm Tail stent (7 F/3 F) 1.5 100
Gupta et al.®”1 2005 69 1082 mm? EUC 1.14 97.2
Singh et al.®% 2008 30 750 mm IS 24 100
Yang et al.l®® 138 - lIs 1.82 94.5

JJs=Double-J stent, JJsN=Double-J stent+nephrostomy tube, EUC=External ureteric catheter, PCNL=Percutaneous nephrolithotomy
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Table 2: Standard indications for tubeless PCNL

A single puncture tract

Uncomplicated procedure lasting less than 2 h
Moderate stone bulk, <3 stones with a diameter <25 mm
Complete clearance of all stones

No significant bleeding at the end of the operation

PCNL=Percutaneous nephrolithotomy

TUBELESS PCNL VERSUS SMALL-BORE TUBE

In a prospective randomized trial by Feng et al.** between
standard PCNL, “mini-perc,” and tubeless PCNL, the tubeless
technique was found to be associated with the least amount
of morbidity and the greatest cost efficiency. Shah et al.»!
compared the outcome of tubeless PCNL with small-bore
(8 F) nephrostomy drainage after PCNL. Although tubeless
PCNL offered the advantages of decreased postoperative pain,
analgesic requirement, and hospital stay, it was associated
with stent-related discomfort in 39% of patients.

Desai et al.* compared postoperative outcomes among
tubeless, small-bore, and large-bore nephrostomy drainage
following PCNL in a prospective randomized study in
30 patients. There were 10 patients in each study group.
They conclude that small-bore nephrostomy drainage may
be a reasonable option in patients to avoid the incidence of
stent dysuria.

A meta-analysis done by Shen et al.””) compared the clinical
efficacy and safety of NT-free and standard PCNL. Nine
studies involving 547 patients were included. Patients
were divided into four groups: NT-free group, small tube
group (8-9 F), middle tube group (16-18 F), and large
tube group (20-24 F). This meta-analysis showed that
with regard to hospital stay and visual analog scale scores
for postoperative pain on day 1, there was no significant
difference between the NT-free group and the small tube
group, but there were differences between the NT-free
group versus the middle and large tube groups. No significant
difference was found with regard to transfusion, fever, or
infection, and the operative time between NT-free group
and the other groups.

TUBELESS PCNL WITH OTHER MODIFICATIONS

A significant disadvantage of the technique of tubeless
PCNL is the need for postoperative cystoscopy to remove
the internal ureteral stent. Stent-induced dysuria is another
problem associated with this procedure. To avoid these
problems, additional variations of the tubeless procedures
have been described.

Lojanapiwat et al.®® and Mouracade et al.*®! reported
tubeless procedure with placement of an external ureteral
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catheter in place of a double-]J stent, and found significant
reduction in the length of hospitalization and postoperative
analgesic requirement, compared with control group of
patients with routine placement of NT. Karami et al.®”
found tubeless PCNL with only an externalized ureteral
catheter to be safe, effective, and economical with reduced
postoperative discomfort. However, in tubeless PCNL using
externalized ureteral catheter, it is difficult to keep ureteric
catheter for long periods, as the discomfort of indwelling
urethral and ureteric catheter may negate the benefits of a
tubeless procedure.

To avoid the need for cystoscopy afterward, Bellman
et al.® presented a modified tubeless procedure by placing
a double-J stent with a tether exiting per urethra, which
was used to pull the stent out in office setting. However,
several patients removed their stents prematurely by
inadvertently pulling on the tether. In a randomized
trial comparing tubeless percutaneous nephrolithotomy
with tailed stent with small-bore NT, Choi et al.’? found
that tubeless and small-bore procedure causes similar
postoperative discomfort with somewhat quicker recovery
in tubeless group. However, they also reported inadvertent
dislodgment of stent in some of the patients in the tailed
stent group.

TUBELESS PCNL WITH DOUBLE-] STENT WITH A
PROXIMAL TETHER

A further modification of the technique involves placement
of a double-] ureteral stent with a tether, which is attached
to the proximal end of the stent placed in the renal pelvis,
exiting the nephrostomy tract.®® This allows the stent to be
removed directly from the flank in the office setting without
the need for cystoscopy.

The principle of the tether exiting from the flank also takes
care of another limitation of tubeless PCNL, namely access
to pelvi-calyceal system in case of need of a second-look
procedure. At the time of the second-look procedure, the
tether is used to pull the proximal end of the stent to the
level of the skin, and a guidewire passed antegrade into
the ureter, re-establishing access through the previous
nephrostomy tract.

TOTALLY TUBELESS PCNL

Reports of totally tubeless PCNL are presented in Table 3.
Totally tubeless approach was first reported by Wickham
and coworkers.”! After Winfield’s unsuccessful trial with
totally tubeless PCNL in two cases in 1986, this procedure
was given up.l'” In recent years, there have been several
successful reports of totally tubeless PCNL. 3438

Crook et al.®® performed a randomized controlled trial
comparing totally tubeless PCNL with standard NT placement
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Table 3: Reports of totally tubeless PCNL

Author(s) No. of pts Hospital stay (days) Stone-free rates (%) Transfusion rate (%) Complications

Wickham et al.l' 1984 100 2 94 NA Bleeding (22%), infection (10%)

Winfield!" 1986 2 9 - 100%

Bdesha et al.54 1997 32 2 - - Not significant

Karami et al.**) 2004 30 1.5 90 Infection (2)

Aghamir et al.®1 2004 43 1.6 100 Not significant

Gupta et al.®”1 2005 96 1.8 - 1.04 Not significant

Crook et al.l*® 2006 100 2.9 76 1 1 hydrothorax, 1 sepsis/bleed (horseshoes)
Kara et al.l** 2010 60 1.5 86 NA -

Gudemant”! 2012 107 1.07 72% - Asymptomatic subcapsular hematoma (7),

pseudoaneurysm (1), urine leak (1)

PCNL=Percutaneous nephrolithotomy

in 25 patients, and reported no differences in hemorrhage,
infection, and other parameters. Mean length of stay was
2.3 versus 3.4 days (P < 0.05). Mandhani et al.®” compared
the outcome of tubeless percutaneous nephrolithotomy
with or without double-] stent in 52 patients. Mean pain
score, analgesic requirement, hospital stay, and incidence
of urinary leak were comparable in both the groups. These
studies concluded that PCNL without NT or stent was a safe
and well-tolerated procedure in selected patients.

EARLY TUBE REMOVAL VERSUS TUBELESS PCNL

In two recent studies, Mishra et al.*) and El Nahas™*!
proposed removal of NT on the first postoperative day after
PCNL, and compared it with tubeless PCNL. According
to these studies, early tube removal after PCNL results in
an equivalent analgesic requirement, hospital stay, and
clearance rates, lower incidence of early hematuria, and
preserves the option of check nephroscopy in case of residual
fragments.

HEMOSTASIS IN TUBELESS PCNL

Two hemostatic agents have been commonly used in PCNL:
Gelatin matrix hemostatic sealant (GMHS)“?#%! and fibrin
glue.* Nagele and Schilling et al.*>*¢ reported use of
gelatin-thrombin-hemostatic sealant following mini-PCNL
in a tubeless setting. Mikhail et al.*”} were the first to use
fibrin glue as a hemostyptic sealant in 20 patients during
PCNL. Several other studies have used fibrin glue for
good effect.[*0 Because of experimental evidence of the
lithogenic properties of hemostatic agents implanted in
the collecting system, an occlusion balloon is placed in the
collecting system to prevent hemostatic agents from entering
and causing possible obstruction.

Aghamir et al.P! did not find decreased bleeding or urinary
extravasation with oxidized cellulose (Surgicel®) to seal the
working nephrostomy tract in totally tubeless PCNL. Singh
et al®” reported safety and efficacy of using absorbable
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gelatin tissue hemosealant (Spongostan®) in tubeless PCNL.
They observed lower wound soakage/discomfort in the
gelatin-assisted tubeless PCNL group as compared to controls.

Jou et al.,®¥ Aron et al.,¥ and Mouracade et al.™®’ reported
diathermy coagulation of the intra-renal bleeders and tract
in patients of tubeless PCNL and reported that fulguration
of visible intra-renal and tract bleeders is a simple, safe, and
effective hemostatic adjunct.

CONCLUSION

The chosen method of drainage after PCNL certainly
has a bearing upon the postoperative course. There has
been a definite shift away from the conventional large
tube drainage, with the recognition that small tubes
offer benefit in terms of reduced postoperative pain and
morbidity.

Nephrostomy-free or tubeless PCNL, or one of its
modifications using an alternative form of drainage, can
be used with a favorable outcome in selected patients,
with the potential advantages of decreased postoperative
pain, analgesia requirement, and hospital stay. Similarly,
totally tubeless approach has also been shown to be safe and
effective in selected cases.
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