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Abstract

Background: To update a previously published systematic review and meta-analysis on the efficacy and safety of
tubeless percutaneous nephrolithotomy (PCNL).

Methods: A systematic literature search of EMBASE, PubMed, Web of Science, and the Cochrane Library was
performed to confirm relevant studies. The scientific literature was screened in accordance with the predetermined
inclusion and exclusion criteria. After quality assessment and data extraction from the eligible studies, a meta-analysis
was conducted using Stata SE 12.0.

Results: Fourteen randomized controlled trials (RCTs) involving 1148 patients were included. Combined results
demonstrated that tubeless PCNL was significantly associated with shorter operative time (weighted mean difference
[WMD], —3.79 min; 95% confidence interval [Cl], —6.73 to —0.85; P = 0.012; I> = 53.8%), shorter hospital stay (WMD, —1.
27 days; 95% Cl, —1.65 to —0.90; P < 0.001; 1> = 98.7%), faster time to return to normal activity (WMD, —4.24 days; 95%
Cl, =576 to —=2.71; P < 0.001; I> = 97.5%), lower postoperative pain scores (WMD, —16.55 mm; 95% Cl, —21.60 to —11.50;
P < 0.001: I> = 95.7%), less postoperative analgesia requirements (standard mean difference, —1.09 mg; 95% Cl, =135 to
—0.84; P < 0.001; I> = 46.8%), and lower urine leakage (Relative risk [RR], 0.30; 95% Cl 0.15 to 0.59; P = 0.007; 12 = 41.2%).
There were no significant differences in postoperative hemoglobin reduction (WMD, —0.02 g/dL; 95% Cl, —0.04 to 0.071;
P =0.172; > = 41.5%), stone-free rate (RR, 1.01; 95% Cl, 0.97 to 1.05: P = 0.776; I* = 0.0%), postoperative fever rate (RR, 1.
05; 95% Cl, 0.57 to 1.93; P = 0.867; I> = 0.0%), or blood transfusion rate (RR, 0.79: 95% Cl, 0.36 to 1.70; P = 0.538; I* = 0.
0%). The results of subgroup analysis were consistent with the overall findings. The sensitivity analysis indicated that
most results remained constant when total tubeless or partial tubeless or mini-PCNL studies were excluded
respectively.

Conclusions: Tubeless PCNL is an available and safe option in carefully evaluated and selected patients. It is
significantly associated with the advantages of shorter hospital stay, shorter time to return to normal activity, lower
postoperative pain scores, less analgesia requirement, and reduced urine leakage.

Keywords: Percutaneous nephrolithotomy, PCNL, Tubeless, Update, Meta-analysis

Background

As a common urological disease, the prevalence rates for
urinary stones vary from 1% to 20%. In countries with a
high standard of life such as Canada or the United States
of America (USA), renal stone prevalence is notably high
(>10%) [1]. Urinary stones can cause renal function
injury, which has a great impact on public health. With
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the advances of surgical technology, less invasive proce-
dures such as percutaneous nephrolithotomy (PCNL)
have gradually become a preferred therapy for urinary
stone in the last two decades [2, 3]. Using a nephrost-
omy tube for drainage has been considered the standard
procedure after PCNL [4]. Since Bellman first intro-
duced tubeless PCNL in 1997 [5], the interest and
enthusiasm of this surgical procedure had been wide-
spread. PCNL without postoperative nephrostomy tube
placement is defined as tubeless PCNL. When neither a
nephrostomy tube nor a ureteral stent is used, the
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procedure is commonly regarded as total tubeless PCNL
[6]. A large number of studies on tubeless PCNL have
been performed and several previously published
systematic reviews have reported its efficacy and safety
[4, 7-9]. However, the available evidence is still currently
inconclusive because of the limited quality and quantity
of the analyzed randomized controlled trials (RCTs).
More rigorously designed RCTs are required to collect
better evidence to support the use of tubeless PCNL.
Furthermore, tubeless PCNL has not been generally ac-
cepted in clinical medicine, probably due to concerns of
urine leakage, obstruction by residual stone fragments,
or requirement for repeat access [10]. Since 1997, several
RCTs [11-24] have been performed to compare the
safety and effectiveness of tubeless and standard PCNL,
including five high-quality RCTs published after 2012
[20—24]. These latest publications need to be included in
an updated review to explore the most recent evidence
on the use of tubeless PCNL. Therefore, we performed a
meta-analysis to update previously published systematic
reviews on the efficacy and safety of tubeless PCNL.

Methods

Literature search

We performed a systematic literature search of Medline
(using PubMed as the search engine), Web of Science
databases, EMBASE (using Ovid as the search engine) and
the Cochrane Library to confirm relevant studies in
accordance with Cochrane standards, and PRISMA
(Preferred Reporting Items for Systematic Reviews and
Meta-Analyses) guidelines [25] in November 2016 and up-
dated in March 2017. There were no strict restrictions of
year or language in the searching process. The search was
performed with the following terms in combination to
identify relevant studies: (“total tubeless” or “tubeless”)
and (“percutaneous nephrolithotomy” or “percutaneous
lithotripsy” or “PCNL” or “PNL” or “PCN”). Two authors
screened all the citations and abstracts independently. All
potentially eligible studies involving comparison of the
tubeless and standard PCNL were included.

Selection criteria

Inclusion criteria were: (1) RCTs; (2) studies published
in English; (3) studies comparing tubeless and standard
PCNL; (4) patients included in the studies were suited to
PCNL, with no ureteric obstruction, no significant
bleeding during the surgery, and no major collecting-
system injury or normal renal function; (5) the nephrost-
omy tube placed at the completion of the procedure in
the standard PCNL group; (6) patients included in the
tubeless PCNL group were contraindicated from using a
nephrostomy tube, however those with a double-] stent
or external ureteral catheter could be considered; (7)
studies reported at least one of the following clinical
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outcomes: operative time, hospital stay, postoperative
hemoglobin drop, postoperative analgesic requirement,
return to normal activity, postoperative pain score, stone
free rate, or major complications.

The exclusion criteria included: (1) pediatric patients
under 14 years of age; (2) non-RCTs; (3) patients who
underwent bilateral simultaneous PCNL; (4) patients
with staghorn stones, congenital urinary tract anomalies,
serious urinary infection, solitary functioning kidneys, or
kidneys with prior open surgery.

Two reviewers completed the
independently.

selection process

Data extraction

Data extraction and quality evaluation were carried out by
two reviewers. The information including study name, au-
thors, publication year, country, study design, interven-
tions, size of the drainage tube, number of patients, age,
gender, stone burden, and clinical outcomes of interest
(stone-free rate, operative time, hospital stay, return to
normal activity, postoperative hemoglobin drop, postoper-
ative analgesic requirements, postoperative pain score
(VAS), blood transfusion, fever, urine leakage) were ex-
tracted from each included study. With the purpose of re-
ducing the heterogeneity of the different studies and to
make them easier to describe and understand, operative
time was reported in minutes as a unit for all studies. Pain
score was transformed by using linear 100 mm (the range
of 0-100) visual analogue scale (VAS) (0 no pain, 100
maximum intolerable pain) uniformly [26]. In order to
perform the sensitivity analysis, the type of drainage was
also extracted from each study.

Assessment of quality

The criteria provided by the Oxford Center for
Evidence-Based Medicine [27] was used to assess the
level of evidence for all studies. The risk of bias for each
RCT included was evaluated by two reviewers independ-
ently, according to the Cochrane Collaboration’s tool
[28]. The tool includes six aspects: random sequence
generation, allocation concealment, blinding of partici-
pants and personnel, blinding of outcome assessment,
incomplete outcome data, selective reporting, and other
biases. The risk of bias was analyzed via the Cochrane
Review Manager (REVMAN 5.3). Disagreements were
resolved by discussion.

Statistical analysis

A meta-analysis was conducted to compare the effective-
ness and safety of tubeless PCNL with standard PCNL. All
statistical analyses were performed using Stata software
(Stata SE 12.0). We chose statistical analysis methods and
size effects based on data types and evaluation purposes.
Relative risk (RR) was used for dichotomous data, while
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continuous data was evaluated using weighted mean dif-
ference (WMD) or standardized mean difference (SMD).
If continuous data was presented as means and range, the
methodology described by Hozo et al. was used for calcu-
lating the standard deviations (SD) [29]. All the results
were reported with 95% confidence intervals (95% CI).
The heterogeneity of included studies were evaluated via
the chi-square test and quantified by measuring I* value.
When I? values did not exceeded 50%, the fixed-effect
model was used to calculate pooled estimates. However, if
an I” value exceeded 50% and could not be resolved by
subgroup analysis, which indicated significant heterogen-
eity among the included studies, the random-effect model
was used. The Z-test was used to determine the pooled ef-
fects, and P-value <0.05 was considered to be statistically
significant. Forest plots were carried out to express the
results of the meta-analysis. Influence analysis was per-
formed to evaluate the effect of the included studies on
the inter-study heterogeneity. The publication bias was
assessed by Begg’s test. Furthermore, sensitivity analysis
was carried out to detect the influence of the total tube-
less, partial tubeless, and standard PCNL studies on the
overall effect.

Results

Study characteristics

Based on the inclusion and exclusion criteria, 14
RCTs [11-24] were finally included in our meta-
analysis, and consisted of 576 patients who underwent
tubeless PCNL and 572 patients who underwent
standard PCNL. The process used for literature search
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and study selection is shown in Fig. 1. The studies in-
cluded five RCTs [16-19, 24] which compared total
tubeless PCNL with standard PCNL and nine RCTs
[11-15, 20-23] which discussed partial tubeless
PCNL. Table 1 shows the basic characteristics of the
studies. The characteristics of the stones, including
stone burden, stone location, and stone composition
are summarized in Table 2. Age, sex ratio, and all
stone characteristics described were comparable for
the tubeless and standard PCNL groups in each
study. The sex ratio was not reported in one study
[11] and three studies [13, 18, 22] did not mention
the size of the drainage tube. Other baseline charac-
teristics which may have affected the outcome mea-
sures, such as body mass Index (BMI) [11, 13, 18, 19,
23], stone side [16, 19, 23, 24], number of punctures
[10, 12, 22, 23], subcostal and supracostal punctures
[13, 14, 17], and auxiliary procedures [13, 14, 18, 19,
21, 22, 24] were also reported in some studies. All
data was also comparable between the two groups for
each study.

Quality assessment

Table 1 shows that the level of evidence for each in-
cluded study was graded Level 2. Fig 2A generalizes the
results relative to the risk of bias for each randomized
controlled study. As for the allocation concealment, five
studies [11, 15, 17, 18, 21] did not describe the
concealed method. Four studies [12, 13, 19, 20] were
considered to have high risk of bias resulting from of the
use of a random numbers table. There was a high risk of

(n=1424)

Records identified through datebase searching
Pubmed(n=269), Web of Science(n=538)
Embase(n=537), Cochrane library(n=80)

Records after duplications removed
(n=1267)

Duplications(n=157)

Records excluded after

Full-text articles assessed
for eligibility (n=88)

screening titles and/or abstract
(n=1179)

Excluded studies (n=74)
-non-RCT studies (n=64)
-patients of children(n=4)

Studies included in the
meta-analysis (n=14)

Fig. 1 Flowchart of the literature search and studies selection. RCT = randomized controlled trial

-complete or partial staghorn calculi(n=2)
-solitary functioning kidneys(n=2)
-kidneys with prior open surgery(n=2)
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Table 1 The basic characteristics and methodological quality of included studies
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Study year  nation study  Level of  PCNL (tubeless/ Drainage Sample  Age(Year) Sex Outcome
design evidence standard) (Size of tube)  size (M/F)  measures
Kumar 2016 India RCT Level 2 Total tubeless - 56 3620+ 1332 33/23 1,2,3,4,5,
Nephrostomy tube 18F 57 3600+ 1182 31/26 6,7,8,9, 10
Sebaey 2016 Egypt RCT Level 2 External ureteric 6F 40 406+ 119 3179 1,23,
catheter
Nephrostomy tube 14F 40 46.1 + 184 27/13 5,6, 10
Zhao 2016 American RCT Level 2 Double-J ureteral - 15 547 £ 122 9/6 1,2, 3,5,
stent
Nephrostomy tube 8F/10F 15 583+ 176 8/7 6,89
Agrawal 2014 India RCT Level 2 Double-J ureteral 5F/26cm 83 33 (18-55) 62/21 1,3,4,5,
stent
Nephrostomy tube 12F 83 31 (21-57) 59/24 6,7,8,9,10
Lu 2013 China RCT Level 2 External ureteric catheter F5 16 4381 £1889 6/10 1,23,
Nephrostomy F16 + F6 16 46.25 + 2237 7/9 59,10
tube+
Double-J ureteral
stent
Chang 2011 Taiwan RCT Level 2 Total tubeless - 68 5922 + 1244 51/17 1,2,3,4,
Nephrostomy F20 + F7 63 5870 + 1085 50/13 5,6,7,10
tube +
Double-J ureteral
stent
Aghamir 2011 Iran RCT Level 2 Total tubeless - 35 384+ 117 23/12 1,2,3,4,
Nephrostomy NA 35 40 £ 11.95 21/14 5,6, 8
tube +
Double-J ureteral
stent
Istanbulluoglu 2009  Turkey RCT Level 2 Total tubeless - 45 4748 +13.04 25/20 1,2,3,5,
Nephrostomy 14F 45 4391 + 1444  24/21  6,8,9,10
tube
Crook 2008 The United RCT Level 2 Total tubeless - 25 53 1510 1,3,5,6,8
Kingdom
Nephrostomy tube 26F 25 52 19/6
Singh 2008  India RCT Level 2 Double-J ureteral NA 30 31 (14-55) 14/16 1,2, 3,4,
stent
Nephrostomy tube 22F 30 34 (17-55) 15/15 5,6,7,8,10
Shah 2008 India RCT Level 2 Double-J ureteral 6F 33 4418 £ 1313  20/13 1,2,3,5,
stent
Nephrostomy tube 8F 32 4669 £ 1246 21/11  6,7,8,9,10
Agrawal, 2008 India RCT Level 2 Double-J ureteral 6F/26cm 101 33 (18-55) 76/25 1,3,4,5,
Madhu S stent
Nephrostomy tube 16F 101 31 (21-57) 76/25 6,7,8,9,10
Tefekli 2007  Turkey RCT Level 2 External ureteric 5F 17 384 +123 8/9 1,23,
catheter
Nephrostomy 14-F 18 413+ 147 11/7 56
tube
Choi 2006  American RCT Level 2 Double-J ureteral 6F 12 529+ 14 NA 2,34,
stent
Nephrostomy tube 8.2F 12 47 £16 NA 6,7,8

RCT Randomized Controlled Trial, PCNL Percutaneous Nephrolithotomy, NA Not Available (Insufficient Information Provided)
1, Stone-free rate; 2, Operative time; 3, Hospital stay; 4, Return to normal activity; 5, Postoperative hemoglobin drop; 6, Postoperative analgesic requirements; 7,
Postoperative pain scores; 8, Blood transfusion; 9, Fever; 10, Urine leakage
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Table 2 The basic characteristics of stones

Study PCNL Stone burden Stone location Stone composition
(tubeless/standard)
Kumar B 302 £ 46 mm Pelvic (35) NA

Calyceal (15)
Pelvic + Calyceal (6)

SD 295 + 42 mm Pelvic (20) NA
Calyceal (24)
Pelvic + Calyceal (13)

Sebaey B 182 £036 cm Renal pelvis (9) NA
Lower calyx (25)
Middle calyx (5)
Upper calyx (1)

SD 191 £ 037 cm Renal pelvis (8) NA
Lower calyx (25)
Middle calyx (5)
Upper calyx (2)

Zhao B 259.0 mm? NA Primarily calcium oxalate (53.3%)
Mixed calcium (26.7%)
Primarily uric acid (20%)
Struvite (0%)

SD 2766 mm? NA Primarily calcium oxalate (40%)
Mixed calcium (20%)
Primarily uric acid (33.3%)
Struvite (6.7%)

Agrawal T8 3.8 (1.0-5.7) cm? NA NA
SD 36 (1.1-53) cm? NA NA
Lu TB 311+ 062 cm NA NA
SD 329 £ 054 cm NA NA
Chang B Length 24.74 + 269 mm NA Struvite + apatite (8-11.8%)
Width 1640 = 3.65 mm Uric acid (0%)

Whewellite (30-44.1%)
Whewellite + apatite (13-19.1%)
Weddellite (17-25%)

SD Length 24.86 + 2.78 mm NA Struvite + apatite (7.9%)
Width 15.29 + 450 mm Uric acid (3.2%)
Whewellite (38.1%)
Whewellite + apatite (30.2%)
Weddellite (20.6%)

Aghamir B 281 + 059 cm? NA NA

SD 287 + 062 cm? NA NA

Istanbulluoglu T8 44893 + 249.13 mm? lower calyx (26) NA
pelvis (11)

multiple calyces(6)
upper ureter (1)
upper calyx (1)

sD 45335 + 16597 mm? lower calyx (14) NA
pelvis (19)
multiple calyces (10)
upper ureter (2)

Crook B 17.5 mm NA NA
SD 21.6 mm NA NA
Singh B 750 mm? Superior (9) mixture of calcium oxalate monohydrate
middle (12) /calcium oxalate dihydrate stones (71%)
inferior calices (9) calcium phosphate (7%)
D 800 mm? Superior (9) carbonate apatite (7%)

magnesium ammonium phosphate
hexahydrate (7%)

pure calcium oxalate monohydrate (7%)
xanthine (1%)

middle (15)
inferior calices (7)
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Table 2 The basic characteristics of stones (Continued)
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Study PCNL Stone burden Stone location Stone composition
(tubeless/standard)
Shah 8 53536 + 543.39 mm? NA Calcium oxalate monohydrate (60.6%)
Calcium oxalate dihydrate (18.18%)
Calcium phosphate (3.03%)
Struvite (12.12%)
Uric acid (6.06%)
Cystine (0%)
SD 49591 + 44592 mm? NA Calcium oxalate monohydrate (53.12%)

Agrawal, Madhu S T8 38 (1-5.7) cm?
SD 36 (1.1-5.3) cm?

Tefekli 8B 30+ 07 cm?
SD 3.1 £09cm?

Choi T8 285+ 154 mm
SD 268 + 13.5 mm

Calcium oxalate dihydrate (28.12%)
Calcium phosphate (0%)

Struvite (9.37%)

Uric acid (6.25%)

Cystine (3.12%)

NA calcium oxalate (87%)
struvite (7%)
uric acid (1%)

NA calcium oxalate (84%)
struvite (9%)
uric acid (3%)

Renal pelvis (6) NA
Lower pole calyx (11)

Renal pelvis (9) NA
Lower pole calyx (9)

NA NA
NA NA

TB Tubeless Percutaneous Nephrolithotomy, SD Standard Percutaneous Nephrolithotomy, NA, Not Available (Insufficient Information Provided)

attrition bias in two studies [16, 22] due to the absence
of SD. Two studies [16, 20] had a high risk of selective
reporting bias because detailed explanation for some im-
portant outcomes was lacking.

Publication bias

The publication bias was evaluated via Begg’s test. The
Begg’s funnel plot of the hospital stay which was
included in almost all studies is shown in Fig. 2B. The
results of the Begg’s test for other factors are summa-
rized in Table 3. Only postoperative pain score appeared
to have a publication bias.

Influence analysis

For research indexes in which the I* value exceeded
50%, such as the operative time, hospital stay, return to
activities, and postoperative pain scores (VAS), influence
analysis has been assessed to screen studies which have
a significant effect on heterogeneity. The results are
shown in Fig. 3.

Meta-analysis
Operative time
Eleven studies [11-14, 17-20, 22—24] assessed the op-
erative time. Due to the lack of SD reported, two studies
[13, 22] were excluded from the data combination. Ana-
lysis of the final nine studies showed that tubeless PCNL

required less operative time than standard PCNL with a
statistically significant difference (WMD, -3.79 min; 95%
Cl, -6.73 to -0.85; P = 0.012; I> = 53.8%) (Fig. 4A).

Hospital stay

Hospital stay was measured in 14 studies [11-24]. Of
these, 11 studies [11-15, 17-19, 21, 23, 24] were ana-
lyzed except for three trials [16, 20, 22], which did not
report SD values. The pooled result showed the tubeless
PCNL group was charged with a shorter hospital stay
than the standard PCNL group (WMD, -1.27 days; 95%
CI, -1.65 to —0.90; P < 0.001; I* = 98.7%) (Fig. 4B).

Return to normal activity

Seven studies [11, 13, 15, 18, 19, 21, 24] assessed the
time to return to normal activity between two groups.
Meta-analysis of these studies via a random effect model
showed that the tubeless PCNL group required a shorter
time to return to normal activity than the standard
PCNL group (WMD, -4.24 days; 95% CI, -5.76 to
-2.71; P < 0.001; I* = 97.5%) (Fig. 4C).

Postoperative hemoglobin drop

The mean (SD) estimated blood loss, reported by Choi
et al. [11], was 72.73 (52.71) mL and 105 (68) mL in the
tubeless PCNL group and the standard PCNL group, re-
spectively. No statistical differences were found between
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Fig. 2 (a) Risk of bias for each included study. (b) Begg' s funnel plot of the hospital stay. WMD = weighted mean difference

the two groups (P > 0.05). Another 13 studies reported
postoperative hemoglobin drop. Because the SD was not
reported, three trials [13, 16, 22] were excluded from the
data combination. A meta-analysis was performed for
the other ten studies [12, 14, 15, 17-21, 23, 24], using a
fixed effect model. The pooled results revealed no sig-
nificant statistical differences between the tubeless group
and standard PCNL group (WMD, -0.02 g/dL; 95% CI,
-0.04 to 0.01; P = 0.172; I* = 41.5%) (Fig. 5A).

Postoperative analgesia requirements

The study by Agrawal, Madhus et al. [15] showed the
mean (SD) postoperative analgesic requirements (me-
peridine) in the first 24 h postoperatively was 81.7 (24.5)
mg in the tubeless PCNL group and 126.5 (33.3) mg in
the standard group. There was no significant statistical
difference between the two groups (P < 0.01). Chang et
al. [19] reported the postoperative analgesic require-
ments of both ketorolac and buprenorphine; the mean
(SD) ketorolac dosage was 63.38 (15.22) mg in the tube-
less PCNL group and 75.56 (16.44) mg in the standard
PCNL group; and the dosage of buprenorphine was 0.09

(0.16) mg and 0.24 (0.76) mg in tubeless PCNL group
and standard PCNL group, respectively. Ketorolac re-
quirements favored the tubeless group (P < 0.001), but
not the buprenorphine dosage (P = 0.09). The average
tramadol dose required for analgesia postoperatively in
Agrawal’s study [21] was 81.3 (24.3) mg and 128.0 (33.4)
mg in the tubeless PCNL group and in the standard
group, respectively; differences in doses were statistically
significant (P < 0.001). As Kumar et al. [24] reported,
cases in the tubeless group consumed significantly
lower mean (SD) amounts of rescue analgesics (para-
cetamol), 1.48 (0.50) g in the tubeless group vs. 4.09
(1.11) g in the standard group (P < 0.05). A meta-
analysis was also performed of the other five studies
[11, 12, 14, 18, 23], using SMD for statistical analysis.
These studies were divided into two subgroups ac-
cording to the analgesic requirements (morphine or
diclofenac sodium). The pooled result for the overall
effect indicated the analgesic requirements in the
tubeless PCNL group were significantly reduced
(SMD, -1.09 mg; 95% CI, -1.35 to -0.84; P < 0.001;
I> = 46.8%) (Fig. 5B). In subgroup analysis, the results
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Table 3 Begg's test for various factors

Factors No. of studies P value® 95% Cl
Stone-free rate 11 0.956 [-0.711, 0 .675]
Operative time 9 0.385 [=3.073, 1.344]
Hospital stay 11 0.874 [-8.048, 9.303]
Return to normal activity 7 0.24 [-17.820, 5.653]
Postoperative hemoglobin drop 10 0.694 [=1.720, 1.202]
Postoperative analgesia equivalents 5 0.747 [-9.673, 12.096]
Postoperative pain scores 10 0.011 [1.664, 9.500]
Blood transfusion 7 0.545 [-2.640, 4.426)
Fever 7 0.627 [-1.311,1.972]
Urine leakage 7 0487 [-4.716, 2.585]

Cl Confidence interval;
P < 0.05 was considered statistically significant

for each subgroup [“morphine” subgroup [11, 18]
(SMD, -1.01 mg; 95% CI, -1.45 to -0.58; P < 0.001;
> = 60.7%) and “diclofenac sodium” subgroup [12,
14, 23] (SMD, -1.13 mg; 95% CI, -1.45 to -0.82;
P < 0.001; I? = 58.1%) (Fig. 5B)], were consistent with

the overall results.

Postoperative pain scores
Seven studies [11, 13-15, 19, 21, 24] reported postopera-
tive pain scores estimated using the visual analog scale
(VAS). Analyzing these studies revealed that the tubeless
PCNL group had statistically significant lower postoper-
ative pain scores (WMD, -16.55 mm; 95% CI, —21.60 to

N
Meta—analysis estimates, given named study is omitted b Meta—analysis estimates, given named study is omitted
a | Lower Cl Limit OEstimate | Upper Cl Limit | Lower Cl Limit OEstimate | Upper Cl Limit
Kumar,2016 | | Kumar,2016 I |
Chang,2011 | |
¢ Chang,2011 |
Aghamir,2011 |
Istanbulluoglu,2009 | 1 ;
Aghamir,2011 |
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Fig. 3 Influence analysis of (a) hospital stay, (b) return to normal activity, (c) operative time and (d) postoperative pain scores
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Fig. 4 Forest plots and meta-analysis of (a) operative time, (b) hospital stay, (c) return to normal activity. WMD = weighted mean difference,
Cl = confidence interval
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Fig. 5 Forest plots and meta-analysis of (a) postoperative hemoglobin drop, (b) postoperative analgesia requirements, (c) postoperative pain

scores. WMD = weighted mean difference, SMD = standardized mean difference, Cl = confidence interval, POD = postoperative day
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-11.50; P < 0.001; I* = 95.7%) (Fig. 5C). Moreover, the
results of the subgroup analysis for the “6 h” subgroup
[11, 14, 24] (WMD, -19.66 mm; 95% CI, -26.55 to
~12.77; P < 0.001; I = 42.5%), “POD1” subgroup [11,
13-15, 21] (WMD, -20.75 mm; 95% CI, -25.66 to
-15.84; P < 0.001; I = 94.3%) and the “POD2” subgroup
[13, 19] (WMD, -9.08 mm; 95% CI, -14.65 to -3.51;
P = 0.001; I> = 72.7%) (Fig. 5C), indicated the same
tendency.

Stone-free rate

Eleven studies [12-14, 16, 18—24] reported the stone-
free rate. The pooled results of the overall data showed
no significant statistical difference between the tubeless
PCNL and the standard PCNL groups (RR, 1.01; 95% CI,
0.97 to 1.05; P = 0.776; I* = 0.0%) (Fig. 6A). The studies
were divided into two subgroups according to the time
when the stone-free rate was assessed. The pooled re-
sults of “the postoperative stone-free rate” subgroup,
which included 11 studies [12-14, 16, 18—24], showed
no significant difference between the two groups (RR,
1.01; 95% CI, 0.96 to 1.06; P = 0.703; I = 0.0%) (Fig. 6A).
“The 3rd-month stone-free rate” subgroup consisted of
two studies [14, 19] with similar results (RR, 0.99; 95%
CI, 0.93 to 1.06; P = 0.834; I* = 0.0%) (Fig. 6A).

Blood transfusion

The postoperative blood transfusion rate was measured
in seven studies [11, 13, 14, 17, 18, 22, 24]. There was
no significant statistical difference between the tubeless
PCNL and the standard PCNL groups (RR, 0.79; 95% CI,
0.36 to 1.70; P = 0.538; I” = 0.0%) (Fig. 6B).

Fever

Postoperative fever rate (temperature more than 38 °C)
was evaluated in seven studies [14, 15, 17, 20-22, 24].
The meta-analysis of these studies revealed no statistical
difference between the tubeless PCNL and the standard
PCNL group (RR, 1.05; 95% CI, 0.57 to 1.93; P = 0.867;
I = 0.0%) (Fig. 6B).

Urine leakage

Postoperative urine leakage was reported in seven stud-
ies [14, 15, 17, 19-21, 24]; a meta-analysis including
these studies was performed using RR for effect size. Pa-
tients who underwent tubeless PCNL, rather than stand-
ard PCNL, were associated with a lower risk of
postoperative urine leakage (RR, 0.30; 95% CI, 0.15 to
0.59; P = 0.001; I> = 41.2%) (Fig. 6B).

Readmission

Several studies [12, 15, 24] mentioned the readmission
rate, but in two of these studies, postoperative issues did
not require readmission [12, 15]. Only Kumar et al. [24]
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reported that the standard PCNL group had a relatively
higher rate of readmission, however the difference was
not statistically significant between the two groups (7.1%
vs. 1.8%; P = 0.21).

Sensitivity analysis

The results of the sensitivity analysis for partial and total
tubeless PCNL are presented in Table 4. When the stud-
ies of partial tubeless PCNL [11-15, 20-23] were in-
cluded, most of the outcomes such as hospital stay,
return to activities, stone-free rate, postoperative
hemoglobin drop, postoperative pain scores, blood
transfusion, fever, urine leakage were constant. Though
there was no significant difference in operative time be-
tween the two groups, it showed a similar tendency
across studies. When only the studies of total tubeless
PCNL [16-19, 24] were analyzed, only urine leakage was
no longer detectable in the sensitivity analysis, the other
outcomes remained consistent. Moreover, Ferakis and
Stavropoulos [30] have reported that mini-PCNL is usu-
ally related to less morbidity than the standard method.
A mini-PCNL is defined as a PCNL performed with a
sheath diameter < 22F [31]. This mini procedure was
used in only two of the included studies [20, 23]. Thus,
we performed a sensitivity analysis excluding the mini-
PCNL studies. The results show that all outcomes
remained consistent (Table 5).

Discussion

Percutaneous nephrolithotomy is now the major surgical
treatment for patients with renal and upper ureteral
stones [32, 33]. Using a nephrostomy tube at the end of
the PCNL procedure was intended to be an integral part
of the procedure [34]; however, it may also cause some
significant postoperative discomfort. Therefore, tubeless
PCNL has gained widespread popularity in recent years.
Patients who were free from nephrostomy tube could be
considered as tubeless PCNL.

In this meta-analysis, data from 1148 patients who
underwent PCNL from 14 RCTs [11-24] were analyzed
to update the effectiveness and safety of tubeless PNCL.
Our main findings showed that tubeless PCNL was asso-
ciated with significantly shorter operative time, shorter
hospital stay, and shorter time to return to normal acti-
vities. Moreover, lower postoperative pain scores and re-
duced analgesia requirement were observed in the
tubeless PCNL group. There was no significant statistical
difference in the postoperative hemoglobin drop or the
stone-free rate between the two groups. Concerning the
main complications of PCNL, tubeless PCNL could sig-
nificantly reduce urine leakage. However, no statistically
significant difference was found in postoperative fever
rate and blood transfusion rate.
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1
N 1
Fever 1
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Kumar,2016 0.85 (0.27, 2.62) 31.34
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N 1
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Agrawal, Madhu 5,2008 - : 0.07 (000, 1.15) 2172
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Lu,2013 - * 3.00(0.13,68.57) 1.45
Agrawal,2014 - . 0.11(0.01,2.03) 13.03
Istanbulluoglu,2009 . 0.09 (0.01, 1.60) 15.93
Chang,2011 R 1.54 (0.38, 6.20) 9.02
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Fig. 6 Forest plots of (a) stone-free rate, (b) blood transfusion, fever and urine leakage. RR = relative risk, C| = confidence interval
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Table 4 Results of sensitivity analysis for partial and total tubeless PCNL
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[tems No. Reference Sample  Tests Analysis  Test for RRAWMD/SMD Favor

ofstudies  of studies size forheterogeneity model  overalleffect

TB/SD P p z p 95% Cl

Analysis of partial tubeless
studies
Stone-free rate 7 [12, 20-23] 234/234 0% 0.830 Fixed 122 0222 1.033[0.980,1.089] B
Operative time 5 [11,12, 14, 20, 23] 118/118 57%  0.054 Random 120 0229° —3253[-8547,2.041] 8
Hospital stay 7 [11-13, 21, 23] 316/316 99%  <0.0001 Random 452 <0.0001 -0.931[-1.335,-0.528] T8
Return to normal activity 4 [11, 13,15, 21] 226/226 0% 0.528 Fixed 2476 <0.0001 —3.346[-3.610,-3.081] B
Postoperative hemoglobin 6 (12,14, 15,20, 21, 23] 290/290 48%  0.088 Fixed 143 0152 —0.026[-0.063,0.010] B
drop
Postoperative analgesic 6 [11,12, 14,15, 21, 23] 286/286 65% 0.013 Random 733 <0.0001 -1.262[-1.600,-0.925] B
requirements
Postoperative pain scores 5 [11,13-15, 21] 259/258 94%  <0.0001 Random 828 <0.0001 -20.750[-25.661,-15.839] TB
Blood transfusion 4 [11,13,14, 22] 90/89 0% 0761 Fixed 063 0528 1.487[0.434,5.088] SD
Fever 5 [14, 15, 20-22] 250/248 0% 0.920 Fixed 059 0556 1.253[0.592,2.650] SD
Urine leakage 4 [14, 15, 20, 21] 233/232 18% 0303 Fixed 245 0014 0.213[0.062,0.736] B
Analysis of total tubeless
studies
Stone-free rate 4 [16, 18, 19, 24] 184/180 0% 0.650 Fixed 0.58 0.565 0.976[0.900,1.059] SD
Operative time 4 (17, 24] 204/200 55%  0.082 Random 200 0.045 —3.844[-7.609,-0.078] TB
Hospital stay 4 [17, 24] 204/200 98%  <0.0001 Random 220 0.028 —1.907[-3.606,-0.207] B
Return to normal activity 3 [18, 19, 24] 159/155 99%  <0.0001 Random 1.70 0.090 —5.855[-12.618,0.909] B
Postoperative hemoglobin 4 [17,24] 204/200 44% 0.147 Fixed 0.53 0597 —0.009[-0.043,0.025] B
drop
Postoperative analgesic 3 [18, 19, 24] 159/155 97%  <0.0001 Random 186 0.062 —1.502[-3.081,0.077] 8B
requirements
Postoperative pain scores 2 [19, 24] 124/120 95%  <0.0001 Random 3.01 0.003 —17.448[-283816,-6.081] TB
Blood transfusion 3 [17,18, 24] 136/137 0%  0.746 Fixed 129 0198  0.503[0.176,1.432] TB
Fever 2 [17, 24] 101/102 0%  0.585 Fixed 055 0583 0.745[0.260,2.133] B
Urine leakage 3 [17,19, 24] 169/165 68%  0.046 Fixed 114 0254  0351[0.058,2.122] 8B

TB Tubeless percutaneous nephrolithotomy, SD Standard percutaneous nephrolithotomy, RR relative risk, WMD Weighted mean difference, SMD Standard mean

difference, CI Confidence interval
P < 0.05 was considered statistically significant

POriginally significant before studies using total tubeless percutaneous nephrolithotomy were excluded
“Originally significant before studies using partial tubeless percutaneous nephrolithotomy were excluded

The mean operative time was significantly shorter in
the tubeless PCNL group than in the standard PCNL
group in our analysis. However, in the review by Jiawu
Wang et al. [8], there was no statistically significant dif-
ference in operative time between the two groups. We
considered that these differences in operative times
might have been attributed to the study selection. Each
study may have calculated operative time using different
criteria, and several studies did not provide a clear defin-
ition of the operative time involved. Furthermore, pa-
tient characteristics and surgeon’s experience were likely
the main factors influencing operative time.

The results of this meta-analysis indicated that the
hospital stay and the time to return to normal activity
were significantly reduced in the tubeless PCNL group.

Possible reasons could be attributed to less pain and the
procedure did not involve the nephrostomy tube. The
use of nephrostomy tubes in the standard PCNL group
could have resulted in more postoperative discomfort, as
well as requiring an additional procedure for tube re-
moval, which means the prolongation of hospital stay
and of time to return to normal activity. Hospital stay
plays an important role in the evaluation of tubeless
PCNL. Shorter hospital stay and shorter time to return
to normal activity could decrease the costs of treatment
and improve quality of health-care, which are indicated
as advantages of the tubeless procedure.

Tubeless PCNL has been shown to be associated with
decreased postoperative pain and analgesic require-
ments, differences that were statistically significant.
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Drainage-tube related pain is one of the most common
urologic complaints in the standard PCNL patient [35].
Multiple studies have demonstrated significant morbidity
associated with indwelling nephrostomy tubes following
PCNL, namely increased postoperative discomfort with
significant analgesic requirements [14—19, 24, 36]. Thus,
by performing tubeless PCNL for selected patients, we
can achieve significantly improved patient pain profiles
and the restrict usage of analgesic.

We found that the mean postoperative hemoglobin drop
was lower in the tubeless PCNL group, but no statistical
difference was found between the two groups. Patients
with no noticeable hemorrhage during the operation were
selected to undergo the tubeless procedure in our study.
The main factors influencing the postoperative
hemoglobin drop could be postoperative hemorrhage and
the use of a nephrostomy tube. In the study by Shoma et
al. [37], placement of a nephrostomy tube did not
decrease the postoperative hemoglobin drop nor the de-
velopment of perinephric hematoma. Furthermore, several
investigators [14, 15, 17-21, 23] reported there was no sig-
nificant difference between the two groups. The change in
hemoglobin level may not be related to the use of a
nephrostomy tube.

In our meta-analysis, there was no significant differ-
ence between the two groups in the stone-free rate;
which is also similar to results of previous reviews [7, 9]
and other published studies [11-24, 38]. The nephrost-
omy tube was placed at the end of the procedure in the
standard group without affecting the stone-free rate.
The incidence of stone clearance may be associated with
the stone characteristics and renal anatomy in selected
patients [24]. In addition, we found the vast majority of
the included studies [12-14, 16, 18-22, 24] could not
achieve a stone clearance of 100%. Although there were
strict inclusion criteria, four studies [13, 18, 21, 22] in
our review still reported the requirement of a second
PCNL to treat the residual stone. It is sometimes diffi-
cult to exclude the existence of residual stones at the
completion of the procedure. In some patients, perform-
ing a new puncture tract may sometimes be unavoidable
[39]. This could represent a potential limitation of the
tubeless procedure. However, flexible ureteroscopy has
become a viable option for the treatment of renal stones
in recent years due to its high stone-free rate and low
morbidity [40]. Thus, it may be considered as a more
suitable alternative to manage the residual stone.

The standard approach to PCNL includes placement
of a nephrostomy tube designed to aid in hemostasis
and drain the pelvicalyceal system [37]. However, our
meta-analysis indicated that the tubeless PCNL did re-
sult in any increase in related complications. There was
no significant difference in postoperative fever and blood
transfusion between the two groups. Moreover, tubeless
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PCNL could significantly diminish urine leakage in com-
parison to the standard PCNL group. In our review,
standard PCNL was not superior in terms of postopera-
tive complications. Of course, this may be due to the fact
that the study consisted of strictly selected patients with
no complete or partial staghorn calculi, no congenital
urinary tract anomalies, no noticeable hemorrhage dur-
ing the operation, and no major collecting-system injury.
In addition, many innovative techniques have been used
recently to prevent postoperative bleeding and urinary
leakage in the absence of an indwelling nephrostomy
tube [41]. Santosh Kumar et al. [24] occluded the access
tract with a ‘Santosh-PGI hemostatic seal” following the
stone clearance in the tubeless group and Shah et al
[42] instilled a fibrin sealant and gelatin matrix
hemostatic sealant in the percutaneous tract after the
completion of PCNL. Of course, the use of sealants
remains controversial. Whether or not sealants can
decrease bleeding and urinary extravasation deserves
further exploration [43]. Nonetheless, tubeless PCNL
may still result in fewer complications in appropriately
selected patients when compared to PCNL performed
with the presence of nephrostomy tube.

Though we have described many advantages of tube-
less PCNL, it still has some limitations. One important
issue pertinent to partial tubeless PCNL is the complica-
tion of the indwelling ureteral stent. Limb and Bellman
[44] have reported that a subset of young men was
unable to tolerate the internal Double-] stent. An
additional drawback of tubeless PCNL is that it may
interfere with a subsequent routine second-look proced-
ure required to clear the residual stone fragments. In the
study of Singh et al. [13], three patients had missed re-
sidual stones (invisible on initial postoperative fluoros-
copy) that become apparent later. Last but not the least,
tubeless PCNL may only be suitable for carefully
selected patients.

Patients with ureteric obstruction, significant blee-
ding during the surgery, major collecting-system in-
jury, or abnormal renal function may require a
nephrostomy tube to aid in hemostasis and to drain
the pelvicalyceal system. Patients without the above
conditions were included in the study. We excluded
those patients who underwent bilateral PCNL simul-
taneously. Though a small series of patients treated
with simultaneous bilateral tubeless PNL have been
reported [45, 46], and a timely drainage of the kid-
neys to prevent renal function damage should be con-
sidered. Furthermore, patients with staghorn stones,
congenital urinary tract anomalies, serious urinary in-
fection, solitary functioning kidneys, or kidneys with
prior open surgery were also excluded from the study.
Patients with staghorn stones always required subse-
quent surgery, and removing percutaneous access by



Xun et al. BMC Urology (2017) 17:102

the tubeless procedure may have necessitated a repeat
of the PNL [43]. Patients with congenital urinary tract
anomalies, serious urinary infection, and solitary
functioning kidneys also need timely renal drainage
which means they were unfit for tubeless PCNL.
Finally, since prior open renal surgery might cause
ureteral damage, we did not consider these patients
in our study.

Some potential limitations of our meta-analysis
should be considered. Firstly, we did not define the
specific size of the stone as inclusion criteria due to
the lack standards in some studies, however all pa-
tients included in the studies were suited to PCNL.
Secondly, we did not analyze other potential compli-
cations, except for those mentioned above, such as
pleural effusion, postoperative urinary tract infection,
and septicemia. Due to the lack of adequate relevant
data, these complications could not be included in
our meta-analysis. Thirdly, the studies did not unify
the category and specifications of postoperative
analgesia, which may have led to a potential bias. We
hope that uniform treatment standards will be dis-
cussed and defined in the future. Fourthly, due to the
lack of sufficient description in some studies or in the
limitations in the design and implementation of the
included studies, the assessment of article quality
could not be performed. This may have resulted in a
potential bias. Finally, the pooled results relative to
operative time, hospital stay, postoperative pain
scores, and the time to return to normal activities
showed significant heterogeneity. Thus, subgroup
analysis, influence analysis, and sensitivity analysis
were all performed to reduce heterogeneity, but these
analyses did not significantly alter the results. Conse-
quently, statistical heterogeneity may have influenced
the conclusions. Lastly, the Begg’s test of postopera-
tive pain scores indicated that there might have been
a publication bias for the included studies.

Conclusions

In conclusion, this updated meta-analysis showed that
tubeless PCNL may be an effective and safe proced-
ure for selected patients, resulting in significantly
shorter hospital stay and shorter time to return to
normal activity. Moreover, lower postoperative pain
scores, reduced analgesia requirement, and urine
leakage were also observed in tubeless PCNL without
increasing other complications. We consider tubeless
PCNL an acceptable and safe management option
with experience and careful patient selection. Of
course, larger high quality multi-center long-term
RCTs are required to confirm the outcomes of our
meta-analysis in the future.
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