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Abstract

Introduction: We hypothesized that modified totally tubeless percutaneous nephrolithotomy (PNL) without indwell-
ing ureteral stent would minimize postoperative discomfort without complications.

Aim: To evaluate the safety, efficacy, and morbidity of standard, tubeless, and modified totally tubeless PNL as well
as the usefulness of modified totally tubeless PNL.

Material and methods: Ffrom November 2011 to February 2015, 211 patients who underwent PNL consecutively
were enrolled in this study and divided into 3 groups (group 1: standard, group 2: tubeless, group 3: modified totally
tubeless PNL). Patient and stone characteristics, operation time, hemoglobin change, length of hospitalization, stone-
free rate, analgesic requirement, and perioperative complications were analyzed and compared among the 3 groups.

Results: There were no significant differences in preoperative patient characteristics among the three groups. In the
postoperative analysis, the three groups had similar operation time, stone-free rate, perioperative fever and transfu-
sion rate, but group 2 showed superior results in terms of length of hospitalization (p = 0.001). Group 2 and group 3
had a lower analgesic requirement (p = 0.010). Immediate postoperative hemoglobin change (p = 0.001) and tube
site complications (p = 0.001) were more common in group 1.

Conclusions: Modified totally tubeless PNL was not inferior in terms of postoperative outcomes and safety compared
with the standard and tubeless PNL, and avoided the postoperative stent-related symptoms and cystoscopy for dou-
ble-J stent removal. Modified totally tubeless PNL could be an alternative treatment of choice for management of
renal or upper ureteral stones in selected patients.
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Introduction these advantages, in recent years, nephrostomy

Percutaneous nephrolithotomy (PNL) has been
widely used to remove large and complex renal
stones since the first PNL was described in 1976
[1]. The placement of a nephrostomy catheter at the
end of the PNL has been considered the standard
procedure, which is thought to act as a tamponade
to stop bleeding, provide adequate renal drainage,
and make an additional nephroscopy easier. Despite

catheters have been thought to be associated with
prolonged hospitalization, urine extravasation, and
significant postoperative pain and discomfort [2].
For this reason, a modified technique using external
and internal ureteral stents instead of nephrostomy
catheters for postoperative drainage after PNL was
performed to reduce catheter-related morbidity, and
it is known as tubeless PNL [3-5]. Also, some studies

Address for correspondence

Seung IlJung, Department of Urology, Medical School, Chonnam National University, Hwasun Hospital, 322 Seoyang-ro, Hwasun 519-763,
Republic of Korea, phone: +82 61 379 8160, fax: +82 61 379 7750, e-mail: drjsi@yahoo.co.kr

240

Videosurgery and Other Miniinvasive Techniques 4, December 2016



Modified totally tubeless percutaneous nephrolithotomy: Is it an effective and safe treatment option for renal and upper ureteral stones?

have reported about a technique that does not use
a nephrostomy catheter and ureteral stent after PNL,
and it is called totally tubeless PNL [6-8].

Aim

We hypothesized that the placement of an exter-
nal 5 Fr ureteral stent below the renal pelvis after the
PNL without a double-J stent, modified totally tube-
less PNL would provide adequate drainage of the kid-
ney and minimize postoperative discomfort without
complications. In this study, we evaluated the safe-
ty, efficacy, and morbidity of standard, tubeless, and
modified totally tubeless PNLin a single center as well
as the usefulness of modified totally tubeless PNL.

Material and methods
Patients

We retrospectively evaluated the records of 211
patients who underwent PNL for the treatment of
renal or upper ureteral stones at our institution con-
secutively from November 2011 to February 2015.
We divided the patients into 3 groups (group 1: stan-
dard PNL, group 2: tubeless PNL, group 3: external-
ized ureteral stent, named modified totally tubeless
PNL) and performed PNL according to our preference
(Photo 1). Standard and modified totally tubeless
PNL were considered for second-look endoscop-
ic procedures according to intraoperative findings.
Laboratory tests were performed before the surgery
including complete blood count, creatinine levels,
and urine culture. Radiological evaluation was per-
formed with plain radiography, ultrasonography, and
computed tomography.

Operative procedures

Under general anesthesia, a retrograde 5 Fr ure-
teral catheter was placed into the upper ureter with
the aid of a cystoscope and then the catheter was
attached to the urethral Foley catheter in the supine
position. The patient was then placed in the prone
position, and percutaneous access to the selected
calyx was obtained under C-arm fluoroscopic guid-
ance using a 21-gauge access needle. After entering
the collecting system with a guide wire, dilatation
was performed using a balloon dilator for the pas-
sage of the working sheath. Through the working
sheath, a 26 Fr rigid nephroscope was inserted into
the renal collecting system, stone fragmentation
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was carried out with a pneumatic lithotripter and
stone fragments were extracted with graspers. At
the end of the surgery, fluoroscopy and pyelography
were performed for evaluation of the collecting sys-
tem to assess the stone-free status and to identi-
fy the patients with clinically insignificant residual
fragments (< 4 mm).

After completion of the PNL, a 24 Fr Malecot cath-
eter was placed in patients of group 1, and an an-
tegrade 6 Fr double-) stent was inserted, but no ne-
phrostomy catheter was placed in patients of group 2.
In patients of group 3, an externalized 5 Fr ureteral
stent was inserted with nephroscopy and fluoroscopy,
the tip being placed in the proximal or mid ureter. The
incision of the nephrostomy tracts was closed with silk
sutures and hemostatic agents were not used. After
the surgery, supine radiography or ultrasonography
or computed tomography of the kidneys, ureters, and
bladder was performed in each patient to assess stone
clearance within 2 weeks after surgery. The postopera-
tive stone free status was defined as no stones visible
or residual fragments < 4 mm on the postoperative
images. Patients were given tramadol HCl (non-narcot-
ic analgesic) to control postoperative pain.

The decision of nephrostomy catheter removal in
group 1 was made based on the urine color, and the
nephrostomy tract was closed with silk sutures imme-
diately after catheter removal. Double-J stents placed
in patients of group 2 were removed 2 weeks after
the surgery with cystoscopy, and only the Foley cath-
eters were removed the day after surgery. In group 3,
the externalized ureteral stent and Foley catheter
were removed simultaneously the day after surgery.
Serum hemoglobin was measured immediately after
the operation and on the first day after surgery.

The three groups were compared with respect
to patient and stone characteristics, operative time,
postoperative hemoglobin change, length of hospi-
talization, blood transfusion rate, analgesic need,
stone-free rate, and perioperative complications
such as hydrothorax and urinary leak. Stone bur-
den was measured by using the largest width and
length obtained from the plain radiograph or com-
puted tomography. The follow-up evaluations were
performed at 2 weeks postoperatively, and assess-
ments were made with routine laboratory tests,
urine culture, and clinical examination. This study
protocol was reviewed and approved by the institu-
tional review board. Informed consent was waived
by the board.
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Statistical analysis

Statistical analyses were performed with the
SPSS software ver. 19.0 (SPSS Inc., Chicago, IL, USA).
Continuous data are presented as mean + SD, and
discrete categorical variables are presented as
a number (%). The Kruskal-Wallis and y? tests, and
Tukey HSD post hoc analysis were performed to
compare the differences in clinical variables among
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Photo 1. Technique with PNL. A — Standard PNL
(group 1), B — Tubeless PNL (group 2), C — Modi-
fied totally tubeless PNL (group 3)

the three groups. P-values less than 0.05 were con-
sidered statistically significant.

Results

A total of 211 patients who underwent PNL con-
secutively for the treatment of renal stones, with
or without upper ureteral stones, were included
in our study. Among these, 42 patients underwent
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standard PNL (group 1), 108 patients underwent
tubeless PNL (group 2), and 61 patients underwent
modified totally tubeless PNL (group 3). There were
no significant differences in the preoperative patient
characteristics such as age, sex, body mass index
(BMI), operation site, stone size, location, multiplici-
ty and bacterial pyuria among the 3 groups (Table I).

Postoperative analyses in each group are sum-
marized in Table Il. No significant differences were
found in the operation time, perioperative stone-
free rate assessed with a plain radiograph, transfu-
sion rate, and perioperative fever episodes among
the 3 groups (p > 0.05). Length of hospitalization
and nephrostomy site stitch removal was shorter in
group 2 (p = 0.001) compared with the other groups.
Immediate postoperative hemoglobin change, and
analgesic requirement and dosage were found to
be significantly higher in group 1 (immediate post-
operative hemoglobin change, p = 0.001; analgesic
requirement, p = 0.010; analgesic dose, p = 0.001).

Table I. Characteristics of patients and stones

Nephrostomy catheter site complications including
wound dehiscence and remnant tract with urine
leakage were more common in group 1 (p = 0.001).

There were no adjacent organ injuries during the
surgeryinthe 3 groups. However, 2 patients in group 1
and 1 patient in group 2 with hematuria were di-
agnosed as having a pseudoaneurysm on renal
angiography. These 3 patients underwent selective
renal angioembolization to control bleeding. Two pa-
tients in group 3 developed spontaneous migration
of small remnant stone fragments with flank pain
immediately after discharge and were readmitted to
the hospital and treated conservatively.

Discussion

In our study, tubeless PNL and modified totally
tubeless PNL had benefits in terms of safety and
postoperative outcomes compared with standard
PNL Tubeless PNL had shorter hospitalization and
lower postoperative analgesic requirement. Modified

Parameter Group 1 (n = 42) Group 2 (n = 108) Group 3 (n = 61) P-value
Age 58.8 +13.2 54.5+12.6 56.6 £13.2 0.161°
Gender:
Male 22 (52.4) 63 (58.3) 38(62.3) 0.608"
Female 20 (47.6) 45 (41.7) 23 (37.7)
BMI [kg/m?] 25.1+3.3 249 +3.4 24.7 +4.0 0.920°
Operation site:
Right 16 (38.1) 45 (41.6) 23 (37.7) 0.854
Left 26 (61.9) 63 (58.4) 38 (62.3)
Stone location:
Renal stone 16 (38.1) 59 (54.6) 37 (60.6) 0.396'
Staghorn stone 20 (47.6) 39 (36.1) 14 (23.0)
Ureteric stone 3(7.1) 4(3.7) 3(4.9)
Renal and ureteric stone 3(7.1) 7 (6.4) 6 (9.8)
Multiplicity:
Single 26 (61.9) 53 (49.1) 28 (45.9) 0.251
Multiple 16 (38.1) 55 (50.9) 33 (54.1)
Stone size [cm] 45413 42+1.4 42+11 0.557
Bacterial pyuria 5 (11.9) 13 (12.0) 12 (19.7) 0.3517
BMI - body mass index. *Kruskal-Wallis test, "2 test.
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Table Il. Comparison of operative and postoperative results

Parameter Group 1 (n=42) Group 2 (n=108) Group 3 (n=61) P-value
Operation time [min] 108.1+31.7 113.8 +24.1 104.1 #34.4 0.102
Preoperative Hgb [g/dl] 13.6 +1.6 13.4+1.8 13.4+2.0 0.845"
Decrease in Hgb [g/dl]:
Immediate postoperative Hgb 11.3 1.5 11.9 +1.8 11.9 £1.9 0.141°
POD #1 Hgb 11.0 +1.4 11.5 £1.7 11.7 £1.9 0.091°
Preoperative — immediate postoperative Hgb 2.3+1.32 1.4 £1.1° 1.5+1.12 0.001"
Immediate postoperative — POD #1 Hgb 0311 0.5+0.9 0.2+0.9 0.174
Length of hospitalization [days] 6.8+2.9 5.2 +1.6° 5.94+2.7° 0.001"
Episodes of fever:
None 19 (45.2) 68 (63.0) 41(67.2) 0.336"
Mild (37.0-37.9°C) 17 (40.5) 32 (29.6) 15 (24.6)
High (= 38.0°C) 6 (14.3) 8 (7.4) 5(8.2)
Transfusion rate (%) 10 (23.8) 9(8.3) 13 (21.3) 0.0521
Stone-free rate (%) 30 (71.4) 91 (84.2) 49 (80.3) 0.208"
Nephrostomy site complication:
None 21 (50.0) 102 (94.4) 49 (80.3) 0.001"
Complication 9 (21.4) 2(1.9) 9 (14.8)
Simple oozing 12 (28.6) 4(3.7) 3(4.9)
Nephrostomy site stitch removal [days] 14.3 +4.6° 8.4 +3.0¢ 9.3+2.8¢ 0.001"
Analgesic:
Analgesic requirement (%) 26 (61.9) 35(32.4) 25 (41.0) 0.0107
Analgesic dose [mg] 130.5 +177.0¢ 33.7 +75.0¢ 29.8 +59.2¢ 0.001"

Hgb — hemoglobin, POD - postoperative day, "Kruskal-Wallis test, *y? test, “Tukey HSD Post hoc analysis, Standard vs. Tubeless, p = 0.001, Standard vs. Modi-
fied totally tubeless, p = 0.009; *Tukey HSD Post hoc analysis, Standard vs. Tubeless, p = 0.001; Tukey HSD Post hoc analysis, Standard vs. Tubeless p = 0.001,
Standard vs. Modified totally tubeless, p = 0.001; “Tukey HSD Post hoc analysis, Standard vs. Tubeless, p = 0.001, Standard vs. Modified totally tubeless,

p =0.001, Tubeless vs. Modified totally tubeless, p = 0.967.

totally tubeless PNL could avoid ureteral stent-relat-
ed symptoms, and postoperative cystoscopy to re-
move the double-J stent.

Percutaneous nephrostomy for treatment of hy-
dronephrosis was described in 1955 [9], but removal
of stones via the percutaneous access could not be
accomplished. In 1976, PNL was first performed by
Fernstrom and Johansson [1] and has been widely
used to treat large and complex renal stones. The
standard PNL includes the placement of a large-cal-
iber nephrostomy tube at the end of the PNL that
acts as a tamponade to stop bleeding, provides
adequate renal drainage, and makes an additional
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endoscopic procedure easier. But despite these obvi-
ous advantages, nephrostomy tubes are thought to
be associated with prolonged hospitalization, urine
extravasation, and postoperative pain and discom-
fort [2]. Similarly, in our experience, patients who
underwent standard PNL showed a higher analgesic
requirement and more frequent nephrostomy tube
site complications, including wound dehiscence and
urine leakage, compared with patients in the other
groups. Also, the length of hospitalization and ne-
phrostomy site stitch removal were also longer in
the standard PNL group. It could be affected by the
transfusion rate, delayed nephrostomy tract closure
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after nephrostomy catheter removal and more fre-
quent nephrostomy site complications.

In recent years, several modifications of PNL have
been tried to decrease the length of hospitalization,
postoperative morbidity and pain. Wickham et al.
[10] first introduced the totally tubeless PNL in 1984
without external and internal ureteral stents, but it
was not well used in the following years. Thereafter,
Bellman et al. [11] reported the tubeless PNL with
only a double-J stent for internal drainage, which de-
creased the length of hospitalization, postoperative
analgesic requirement, and cost. After this report,
the tubeless PNL gained popularity and subsequent
case series confirmed the efficacy of the procedure
[12-15]. Al-Ba’adani et al. [16] emphasized that
tubeless PNL is the new gold standard. They stat-
ed that in 121 patients, tubeless PNL was effective
and insertion of a double-J stent was sufficient for
renal drainage, reaching a complication rate of 9.9%.
In our study, tubeless PNL performed in 73 patients
showed similar results including shorter length of
hospitalization, and lower analgesic requirement
and nephrostomy tube site complications.

However, patients who underwent tubeless PNL
have stent-related symptoms and postoperative
cystoscopy should be performed for stent removal.
Shah et al. [3] reported that 30% of the patients who
underwent tubeless PNL had discomfort related to
the double-) stent, and 60% of these patients need-
ed medication for symptom relief. Agrawal et al. [17]
reported that after tubeless PNL using an antegrade
tether, the stent can be removed directly by pulling
the attached tether in the office setting at 2 weeks
postoperatively. They stated that it avoids the need
for cystoscopy for stent removal and provides access
for the second-look nephroscopy, but stent-related
discomfort could not be avoided.

These shortcomings led to modifications, and
Karami and Gholamrezaie [18] compared 30 total-
ly tubeless PNL cases with 30 standard PNL cases.
They stated that avoiding the use of a nephrostomy
tube and ureteral stent at the end of the surgery in
selected patients was a safe option, and they ob-
served significantly decreased length of hospitaliza-
tion and analgesic requirement. Also, Crook et al. [6]
reported that randomly performed totally tubeless
PNL is a safe and effective procedure, which can be
considered in selected patients. They insisted that
avoiding the use of a nephrostomy tube aids the
tamponade to stop bleeding, with the thrombolytic
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effect of urokinase in the urine. Istanbulluoglu et al.
[19] stated that patients with no residual stones are
appropriate for a totally tubeless procedure because
it precludes second-look endoscopic procedures for
the treatment of residual stones.

In this study, we performed modified totally tube-
less PNL in patients with stone-free status according
to the intraoperative evaluation and no significant
perforation or bleeding, and it showed pleasing re-
sults in terms of postoperative outcomes and safety.
This procedure can avoid the postoperative stent-re-
lated symptoms and cystoscopy for double-) stent
removal. Moreover, it allows possible access for sec-
ond-look nephroscopy during 24 h postoperatively.
Early postoperative analgesic requirement and an-
algesic usage were slightly higher compared with
those after tubeless PNL, but the difference was not
statistically significant. Several studies have shown
that postoperative pain and analgesic requirement
are similar between the nephrostomy-free group
and the small tube nephrostomy group [20-22].
However, one patient who underwent modified to-
tally tubeless PNL showed spontaneous passage of
small stone fragments with colic pain and was re-
admitted to the hospital and treated conservatively.
Based on this experience, in patients who do not
have a completely stone-free status at the end of
the surgery, placement of a double-J stent instead
of an externalized ureteral catheter might be more
beneficial.

Our study has several limitations worth noting.
The length of hospital stay for all 3 groups in this
study is over 5 days, which is longer than other PNL
studies. This could be affected not only by surgical
outcome but also by patients’ preferences. In Korea,
patients have a tendency for long hospital stays be-
cause of low hospital cost due to the regulation of
the National Health Insurance Corporation. We eval-
uated the postoperative analgesic requirement but
not the visual analog scale score for the degree of
postoperative pain and stent-related symptoms (e.g.
frequency, dysuria) to compare among the groups.

Conclusions

Tubeless PNL and modified totally tubeless PNL
are comparable to the standard PNL in terms of
postoperative outcomes and safety and seem to
have benefits in terms of length of hospitalization,
postoperative pain, and nephrostomy tube site com-
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plications. Modified totally tubeless PNL could avoid
stent-related symptoms and postoperative cystos-
copy for stent removal, and it could be considered
as an effective and safe alternative treatment option
for treating renal and upper ureteral stones in select-
ed patients.
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