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Objective: Tubeless percutaneous nephrolithotomy
(PCNL) has become an option for treatment of renal
stone disease, though no clearly defined algorithm exists
for selection of patients suitable to tubeless PCNL. We
investigated our experience with tubeless PCNL to evaluate
its safety and efficacy for cases of complex renal calculi.

Patients and methods: Retrospective review of all
tubeless PCNLs performed for complex renal calculus
disease (bilateral stones, partial/complete staghorn,
infundibular stenosis/calyceal diverticulum, pre-existing
renal insufficiency) between January 2001 and January
2006. All patients had a ureteral stent placed in an
antegrade fashion following stone treatment, and a foley
catheter remained in place overnight. No patient received
nephrostomy tube (NT). Imaging (CT or KUB) was

obtained at the first outpatient follow-up visit. Patient
demographics, incidence of complications, clinical
outcomes and stone-free rates were noted and analyzed.
“Stone free” was defined as negative imaging (CT or
KUB).

Results: Forty-two patients (47 renal units) were treated
with tubeless PCNL for complex renal stone disease (5
bilateral, 25 total/partial staghorn, 12 renal insufficiency,
and 10 infundibular stenosis or calyceal diverticulum).
Mean age was 58.2 + 9.4 years. Mean length of hospital
stay was 2.1 days. Mean preoperative and postoperative
hematocrit were 40.5 + 4.5 and 37.2 + 5.8, respectively
(p=0.001). Single-procedure stone free rate was 74.5%,
and the two-procedure stone free rate was 91.5%. One
patient (2.4%) required a blood transfusion and one
patient (2.4%) developed urosepsis.

Conclusions: Tubeless PCNL is safe and effective and
can be utilized in cases of complex renal stone disease.
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Introduction

Percutaneous nephrolithotomy (PCNL) is a well-
accepted technique for treatment of large renal
calculi. Stone-free rates exceeding 95% have been
reported for large or complex renal stones.'? Since the
introduction of PCNL, a percutaneous nephrostomy
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tube (NT) has been placed following stone removal to
facilitate drainage, promote hemostasis, and maintain
access for second stage procedures. More recently,
tubeless PCNL (without NT) has demonstrated good
efficacy and decreased morbidity in select patients.
Tubeless PCNL has demonstrated advantages with
respect to decreased postoperative pain, shorter
hospital stay, and reduced convalescence.>* However,
no clearly-defined algorithm exists for selection of
patients suitable to tubeless PCNL. We examined
our experience with tubeless PCNL to determine
its safety and efficacy for complex renal stone
cases.
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Methods

We performed a retrospective single center review
(Memphis Veterans Affairs Medical Center, Memphis,
TN, USA) of 89 consecutive tubeless PCNL cases
performed between January 2001 and January 2006. Of
these, 47 cases were considered uncomplicated: involving
a unilateral stone burden limited to the renal pelvis and /
or a single calyx, normal collecting system anatomy,
and normal renal function. These were excluded from
our analysis. The remaining 42 cases (47 renal units)
were considered complex: involving bilateral stones,
total or partial staghorn calculi, infundibular stenosis,
calyceal diverticulum, or pre-existing azotemia (serum
Creatinine > 1.5 mg/dl). We selected the complex cases
for an investigation of complications and outcomes.

Our technique has been described previously.
Briefly, after obtaining percutaneous wire access in
cooperation with the Interventional Radiology service,
balloon dilation is performed and a 30 French working
sheath (NephroMax High Pressure Nephrostomy
Balloon Catheter, Boston Scientific, Natick, MA,
USA) is advanced for rigid and flexible nephroscopy.
Under direct vision with a rigid nephroscope, stones
are fragmented and removed with an ultrasonic
lithotrite. Flexible nephroscopy with laser lithotripsy
is performed when needed. Multiple accesses were
not utilized in this series. After stone treatment,
the collecting system is cleared endoscopically and
fluoroscopically, and antegrade placement of a double-
J ureteral stent is performed. The working sheath is
then removed and the nephrostomy site is closed.
Indwelling foley catheter is removed on postoperative
day one. Following discharge, patients return in 2-3
weeks for imaging [non-contrast enhanced computed
tomography (NCCT) or plane film (KUB)] and stent
removal if no ancillary procedure is indicated. “Stone
free” is defined as negative imaging (CT or KUB).

Medical records were surveyed for patient
demographics (age, sex, race, ASA Class), stone burden
(location, morphology, size) and renal anatomy, length
of hospitalization, complications and outcomes (stone
free rate), and ancillary procedures.

Results

Table 1 demonstrates patient demographics and disease
characteristics. 89 patients were treated with tubeless
PCNL at the Memphis VAMC between January 2001 to
January 2006. Forty-two patients with complex renal
stone disease (40 male/2 female, 32 Caucasian/10
African-American or Other, mean age 58.2 = 9.4 years,
mean BMI 27.8 + 4.7) underwent 47 tubeless PCNL
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TABLE 1. Patient demographics and disease
characteristics

Variable Value

Patients 42

582 +9.4

40 (95%) /2 (5%)

Mean age (years)
Sex (male/female)

Race (Caucasian/

African-American-Other) 32(76%)/10(24%)
Median ASA class (range) 2(1-4)
Mean BMI (kg/m?) 27.8 +4.7

Mean stone burden (cm) (range) 3.99 (1.4-10)

Total/partial staghorn calculus
(/%) 25 (53%)

Renal insufficiency
(serum creatinine

>1.5mg/dD (n/%) 12 (26%)
Infundibular stenosis/
calcyeal diverticulum (n/ %) 10 (21%)

procedures during that time period (5 bilateral, 25
total/partial staghorn, 12 renal insufficiency, and 10
infundibular stenosis or calyceal diverticulum). Mean
stone burden (greatest diameter) was 3.99 cm (range:
1.4 cm-10 cm).

TABLE 2. Outcomes and complications

Variable Value
Mean hospital stay 21+10

Stone free (number of renal units/ %)

After one procedure (%) 35 (74.5%)
After two procedures (%) 43 (91.5%)
Residual stones after primary PCNL 12 (25.5%)
Subsequent treatments (n/ %) 10 (21.3%)
SWL 5 (42%)
URS 3 (25%)
URS and SWL 1(8%)
Repeat PCNL 1(8%)
Surveillance 2 (17%)
Change in hematocrit 3(0-18.3)

(preoperative versus postoperative) (range)

Change in creatinine 0.0 (0.0-0.9)
(preoperative versus postoperative) (range)

Complications (n/ %) 2 (4.8%)
Postoperative urosepsis 1(2.4%)
Blood transfusion 1(2.4%)
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Table 2 shows outcomes and complications. Mean
length of hospital stay was 2.1 + 1.0 days. Mean
preoperative and postoperative hematocrit were 40.5
+ 4.5 and 37.2 + 5.8, respectively (p = 0.001). Mean
preoperative serum creatinine was 1.4 mg/dl (range
0.6-3.7) and mean postoperative serum creatinine was
1.4 mg/dL (range 0.6-3.4). Mean change in serum
creatinine was 0.0 mg/dl. Single procedure stone free
rate was 74.5%, and the two procedure stone free rate
was 91.5%. There was 2.4% that required transfusions
and 2.4% suffered urosepsis.

Of the 12 patients (12 renal units) who were not
stone free after tubeless PCNL, 10 patients underwent
subsequent treatments. Five (42%) underwent
shockwave lithotripsy (SWL), 3 (25%) underwent
ureteroscopy (URS), and 1 (8%) underwent URS and
SWL. One patient (8%) underwent repeat PCNL. Two
patients with small (< 2mm) residual stones elected
observation only. Two patients were not stone free
after secondary PCNL and secondary SWL.

Discussion

Tubeless PCNL has demonstrated good efficacy
and decreased morbidity in select patients.*® Early
in our experience, we restricted tubeless PCNL to
relatively straightforward stone cases with moderate
stone burden, normal renal anatomy, and limited
comorbid conditions. With growing experience, we
have expanded our use of tubeless PCNL to include
virtually any patient undergoing PCNL, Figure 1.
From January 2001 to January 2006, we performed
tubeless PCNL on 47 renal units in 42 patients with
complex renal stone disease.

Perioperative complications (4.8%, Table 2) in our
series are not unlike those reported for the traditional
PCNLwith NT.! Weidentified one case of postoperative
drop in hematocrit with tachycardia that was managed
with a two unit blood transfusion and close observation.
24 hours later, hemodynamic and hematologic stability
were achieved. An additional case of urosepsis was

PCNL
(Simple and Complex Cases)

Complicated Procedure
(Hemorrhage/Perforation)

Uncomplicated Procedure

20Fr Nephrostomy
Tube
Stone Free Small Residual Large Residual
Stones Stones
Ureteral Stent Ureteral Stent 20Fr
w/Ancillary Nephrostomy
Procedures as Tube
needed

Figure 1. Algorithm for post-PCNL upper tract drainage

4074

© The Canadian Journal of Urology™,; 15(3); June 2008



identified in a spinal cord patient who was treated
preoperatively with culture specific antibiotics, but who
postoperatively required ICU admission for 48 hours
due to hypotension with associated bacteremia. This
patient’s condition stabilized with IV antibiotics. No
further intervention was required. We did not identify
any cases of urinoma or hydrothorax; all percutaneous
nephrostomy access tracks were obtained via a
subcostal route. We performed bilateral tubeless PCNL
in five patients, with no perioperative complications.
Traditional PCNL with NT has been associated with
similarly low rates of blood transfusion, urosepsis,
hydrothorax, and urinoma.! The tubeless variation
on traditional PCNL does not appear to add any
increased risk of perioperative complications,>”® even
in the setting of complex renal stone disease. Perhaps
significantly, no patients in our series were treated with
multiple accesses. Others have reported successful
outcomes with tubeless PCNL in multiple access
scenarios,” but to date we have not had experience with
this treatment strategy.

With respect to managing the morbidity and
perioperative complications of PCNL, it appears
that little is lost by abandoning the NT in favor
of an internalized stent. In our view, the solitary
offering of NT after PCNL is for maintaining access
for second look PCNL. Our stone free rates after a
single PCNL treatment (74.5%) and after ancillary
procedures (91.5%) are similar to those reported in
the literature for traditional PCNL with nephrostomy
tube (NT) and liberal use of second look PCNL.!
Kim et al reported on a series of 106 renal units
treated with PCNL, noting a stone free rate of 31%
(by noncontrast CT evaluation) after initial PCNL
and 95% after secondary PCNL. Based on the low
stone-free rate (confirmed by NCCT) after a single
PCNL treatment, this group advocates routine use of
NT to maintain access for secondary PCNL." Other
series (ours included) advocating tubeless PCNL have
reported higher stone-free rates after a single PCNL
treatment (79%-92%).57° Of note, in most published
tubeless PCNL series, evaluation for residual stones
relied on ultrasound or plain film radiography.*>” It
is likely that stone-free rates are overestimated in the
absence of CT for the evaluation of residual stones
after PCNL." Our follow-up consisted predominantly
of NCCT imaging (75%). However a significant
number of patients, particularly those treated earlier
in our series, were followed up with KUB only (25%),
perhaps allowing for an overestimation of stone free
status.

Ten renal units (21%) were treated with delayed
ancillary procedures following PCNL. The majority
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of ancillary procedures were noninvasive (SWL = 6)
or minimally invasive (URS = 4) and were successful
in clearing the residual stone burden (8/10). One
patient underwent follow-up SWL and persistent
small (< 2 mm) lower pole calcifications were visible
on follow-up NCCT. The patient elected to forego
further treatment. One patient underwent repeat
PCNL. This was a case of a morbidly obese patient
(BMI 37) with suboptimal access and poor visibility at
the first PCNL; the available access offered no utility
in treating the stone so a stent was placed, the access
was removed, and the patient returned 1 month later
for a second PCNL via an improved access. We feel
that these cases illustrate an unfortunate reality of
complex renal stone management: multiple treatments
by various modalities—whether primary PCNL
followed by second-look PCNL or by SWL or URS—
may be necessary to achieve the desired outcome.
Although second look PCNL may have obviated
delayed ancillary procedures in selected patients,
we are skeptical as to whether such a management
strategy is advantageous compared with less invasive
alternatives for most patients. On the other hand, Goel
et al have reported use of second look PCNL with
local anesthesia and sedation only," and while this
approach was not part of our institutional protocol, we
acknowledge that such a management strategy may
represent a viable alternative and compares favorably
to use of second look URS or SWL to clear residual
stones in select patients.

In the current health care environment, cost-
effectiveness is an important measure of competing
treatment strategies. The cost of managing residual
stones following PCNL depends on the modes of
imaging used, length of hospital stay, utilization of
anesthesia and operating room time, and choice of
ancillary procedures. In general, ureteroscopy is
less costly than SWL, SWL may be cost effective for
small stones, and PCNL is considered the most cost
effective treatment for stones > 2 cm.’> However, a
cost comparison of second look PCNL versus staged
outpatient SWL or URS has not previously been
reported. This is an important issue that merits further
investigation.

Weaknesses of this study include its retrospective
design and lack of a control group. We have abandoned
routine use of NT at our institution, so a contemporary,
institutional control group is not available. We also
acknowledge the lack of uniformity in follow-up
imaging and the potential for error in identifying
small residual stones with KUB. Nevertheless, we
have achieved good clinical outcomes with minimal
perioperative morbidity in a substantial series of

4075



Tubeless percutaneous nephrolithotomy for complex renal stone disease: single center experience

tubeless PCNL for complex renal stone cases. As we
continue to expand the application of tubeless PCNL,
future study is needed to investigate the utilization of
multiple access sites in the tubeless PCNL paradigm,
hopefully reducing further the need for ancillary
procedures.

Conclusions

Tubeless PCNL is a safe and effective procedure that
can be performed in cases of complex renal stone
disease, including bilateral stones, partial and total
staghorn stones, abnormal renal anatomy, and renal
insufficiency. Stone free and complication rates
are similar to those reported in the literature for
conventional PCNL with NT and for tubeless PCNL
with uncomplicated stone disease. U
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EDITORIAL COMMENT

The authors report their retrospective experience with
tubeless percutaneous nephrolithotomy (PCNL). While the
literature to date on the tubeless technique has generally
been restricted to patients undergoing relatively straight-
forward procedures (small stone burdens and normal
anatomy), this manuscript is unique in that it describes the
application of the tubeless concept to patients with more
complicated stone disease. Patients in this series had total
or partial staghorn stones, underwent bilateral procedures,
suffered from renal insufficiency or had infundibular
stenosis or calyceal diverticuli. All tracts were subcostal,
procedures were performed via a single tract and all patients
underwent antegrade stent placement at the completion of
each procedure. The authors report their stone free rates,
the need for ancillary procedures and complications in this
challenging population.

A recently reported randomized trial' has demonstrated
the tubeless technique is associated with less pain in the
immediate postop period and associated with shorter
hospital stays in the uncomplicated patient with comparable
stone free rates to those in whom a nephrostomy tube was
placed. While these are obvious advantages, the application
of the tubeless technique in the patient with a more complex
stone problem, does mandate some pause and reflection.

The main issue raised by this paper, is whether the tubeless
technique compromises the efficacy of conventional PCNL,
forcing the need for additional interventions, and their
associated inconvenience, morbidity and cost among those
patients with more complex stone problems. In this series,
the single procedure stone free rate was 74.5% which may
be an inflated number given the use of KUB x-ray imaging
to assess stone free rates in a quarter of the patients. With
the application of ancillary procedures such as ureteroscopy
(URS) and shock wave lithotripsy (SWL), the two procedure
stone free rate increased to 91.5%. Ten (25%) of the patients
required ancillary procedures at a later date. Complications
were minimal in this report. Only one patient required blood
transfusion and there was one case of urosepsis. The mean
hospital stay was 2.1 +/- 1.0 days.

When considering the merits of the tubeless technique
especially if there is a significant chance that additional
treatment(s) will be required, the issues of efficacy, patient
convenience and ancillary treatment cost need to be
addressed. In terms of efficacy, it could be argued that by
leaving a nephrostomy tube and having the ability to perform
2nJook flexible nephroscopy, is a more definitive treatment
strategy for those patients in whom stone fragments are
known or likely to be present after the initial PCNL. The
ability to physically remove fragments at the time of flexible
nephroscopy and prior to hospital discharge, ensures a
quicker stone free state than delayed salvage SWL or URS.
In our own PCNL series which employed the liberal use
of flexible nephroscopy, our stone free rate at the time of
hospital discharge was 89.1%.> With the judicious use of
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flexible nephroscopy the potential need for a stent, a well-
recognized source of patient morbidity and inconvenience
is also obviated. Finally with respect to cost, the authors
correctly point out that a financial comparison of second look
PCNL versus staged outpatient SWL or URS has not been
conducted. Costs vary widely depending on the jurisdiction,
and are not generalizable to other institutions or countries.
Admittedly however, the application of 2" look flexible
nephroscopy under intravenous sedation or local anesthesia
prior to hospital discharge is likely to compare favorably with
either URS or SWL. At my institution most 2" look flexible
nephroscopy procedures are performed with no anesthesia
or IV sedation in our clinic procedure room. The 2" look
procedure does not prolong the patients’ hospital stay,
typically requires minimal disposable items and is therefore
not a significant cost burden.

The authors are to be commended for their courage and
determination in attempting to advance percutaneous stone
surgery. Before adopting an expanded application of tubeless
PCNL into mainstream practice however, it is essential that
we thoroughly assess patient outcomes and the economics
of this practice.

Hassan Razvi MD FRCSC

Chair, Division of Urology
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University of Western Ontario

London, Ontario, Canada
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