Open access Research

One-shot dilation versus serial dilation
technique for access in percutaneous
nephrolithotomy: a systematic review

BM)J Open

To cite: Peng P, Lai S,

Ding Z, et al. One-shot
dilation versus serial dilation
technique for access in
percutaneous nephrolithotomy:
a systematic review and
meta-analysis. BMJ Open
2019;9:¢025871. doi:10.1136/
bmjopen-2018-025871

» Prepublication history and
additional material for this paper
are available online. To view
please visit the journal (http://
dx.doi.org/10.1136/bmjopen-
2018-025871)

P-P and S-L contributed equally.
P-P and S-L are co-first authors.
Received 4 September 2018

Revised 9 February 2019
Accepted 21 February 2019

| '.) Check for updates

© Author(s) (or their
employer(s)) 2019. Re-use
permitted under CC BY-NC. No
commercial re-use. See rights
and permissions. Published by
BMJ.

'Peking University China-Japan
Friendship School of Clinical
Medicine, Beijing, China
2Department of Urology, China-
Japan Friendship Hospital,
Beijing, China

SGraduate School of Peking
Union Medical College and
Chinese Academy of Medical
Sciences, Beijing, China
“Department of Urology, Beijing
Hospital, National Center of
Gerontology, Beijing, China

Correspondence to
Professor Guan Zhang;
gzhang2016@sina.com

and meta-analysis

Pan-xin Peng,"? Shi-cong Lai,** Zhen-shan Ding,? Yu-hui He,"? Li-hua Zhou,’

Xu-ming Wang,"? Guan Zhang" '?®

ABSTRACT

Objective The purpose of this study was to systematically
review the outcomes of the use of one-shot dilation (0SD)
and serial tract dilation for percutaneous nephrolithotomy
(PCNL).

Methods A systematic review and meta-analysis was
conducted. The randomised controlled trials (RCTs)
included in the study were identified from EMBASE,
MEDLINE and the Cochrane Central Register of Controlled
Trials. The last search was performed on 30 April 2018.
Summary effects were calculated as risk ratios (RRs)

with 95% Cls or mean differences (MDs) with 95% Cls.
The endpoints included access time, fluoroscopy time,
successful dilation rate, stone-free rate, postoperative
decrease in haemoglobin levels, transfusion rate,
complication rate and length of postoperative hospital stay.
Results A total of seven RCTs were included in the study,
with clinical data reported for 697 patients. The overall
access time was approximately 110s shorter in the 0SD
group than in the serial dilation group (MD, —110.14;

95% Cl —161.99 to —58.30; p<0.0001). The fluoroscopy
time was shorter with OSD in all RCTs. In addition, the
decrease in postoperative haemoglobin levels was
approximately 2.3g/L less in patients in the OSD group
than in those in the serial dilation group (MD, —0.23;

95% CI1-0.39 to —0.07; p=0.004). No relationship was
found between the successful dilation rate, stone-free rate,
transfusion rate, or complication rate and the method of
tract dilation.

Conclusion 0SD is a safe and efficacious tract dilation
technique that can reduce the access time, fluoroscopy
time and postoperative decrease in haemoglobin level. No
difference was found in the successful dilation rate, stone-
free rate, transfusion rate or rate of complications between
the OSD and serial dilation groups. The difference in the
length of postoperative hospital stay was uncertain. 0SD
may be a better method of tract creation for PCNL.

INTRODUCTION

With the development of minimally invasive
treatment of urinary calculi, percutaneous
nephrolithotomy (PCNL) has become one
of the main treatments for large kidney and
upper ureteral stones.'! One of the most

Strengths and limitations of this study

» This meta-analysis and systematic review was per-
formed via a strict literature search. It was an up-
dated meta-analysis to systematically review the
outcomes of one-shot dilation and serial tract dila-
tion for percutaneous nephrolithotomy.

» Seven studies were considered in the final me-
ta-analysis, and several studies with small sample
sizes limited the potential analyses.

» Although a systematic search strategy was used,
the article language was restricted to English, which
may have a resulted in language bias.

» Due to a lack of sufficient data, an age-sex adjusted
meta-analysis was not conducted.

fundamental steps of PCNL surgery is to
establish safe and effective access. However,
complications in this process such as tract dila-
tion failure, haemorrhage and perforation of
the renal parenchyma or collecting system are
not uncommon.” Consequently, it is especially
important to identify a simple, effective and
safe tract dilation method for clinical applica-
tion. Currently, the primary dilation methods
of access creation in PCNL can be classified as
one-shot dilation (OSD) and serial dilation.
Although the related systematic reviews were
conducted in 2013, only four randomised
controlled trials (RCTs) were included in the
previous systematic reviews, and the compar-
ison of the two tract dilation methods was
not sufficiently comprehensive; therefore,
additional RCTs are needed for verification.
Currently, the evidence regarding the efficacy
and safety of these two methods is still contro-
versial. In recent years, an increasing number
of studies have shown that OSD is associated
with more advantages than serial dilation,
which attracted much attention from urolo-
gists. To further compare the safety and effi-
cacy of these two methods, we conducted an
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updated systematic review and meta-analysis of previous
RCTs comparing the outcomes of these two tract dilation
methods for PCNL.

METHODS

Patient and public involvement statement

This study was a systematic review and meta-analysis.
Ethics committee approval was not necessary because all
data were carefully extracted from existing literature, and
this article did not involve handling of individual patient
data. In addition, neither patients nor the public were
involved in the design and planning of the study.

Literature search

To assess the clinical efficacy and safety of OSD and the
serial dilation technique for PCNL, a comprehensive liter-
ature search was performed using EMBASE, MEDLINE
and the Cochrane Central Register of Controlled Trials
on April 30, 2018. The following MeSH terms and free
text words were used: percutaneous nephrolithotomy,
PCNL, tract dilation, one-shot, one-step, sequential and
serial. These search terms were used alone and in combi-
nation. The following search strategy was adopted for
each database: (‘percutaneous nephrolithotomy’[Mesh]
OR ‘PCNL’) AND (‘tract dilatation’[Mesh] OR ‘tract dila-
tion” OR ‘access creation’) AND (‘one-shot’[Mesh] OR
‘one-step” OR ‘single-step” OR ‘one-stage’ OR ‘gradual’
OR ‘sequential’ OR ‘serial’) (online supplementary
file S1). For the study selection, the search strategy was
applied based on the Preferred Reporting Items for
Systematic Reviews and Meta-analysis statement.’Figure 1
shows the process of identifying RCTs.

Inclusion criteria and study outcomes

The following inclusion criteria were used: (1) all
prospective RCTs compared OSD and serial dilation for
PCNL in patients of any age and sex; (2) all patients
were in good general condition before surgery and did
not have coagulopathy and (3) the article language was
restricted to English, and full text or related data could
be obtained from the studies. Two authors independently
reviewed the titles and abstracts, and differences were
discussed with a third author to reach an agreement.
The primary outcomes included access time, fluoroscopy
time, successful dilation rate and postoperative decreases
in haemoglobin levels. The secondary outcomes were
transfusion rate, stone-free rate, complication rate and
length of postoperative hospital stay.

Data extraction and quality assessment

Two authors independently extracted the demographic,
quality and results data by reading the full-text articles.
Data were extracted from the RCTs that met the inclusion
criteria. If duplicate research reports were found, the most
recent full report was used. Any discrepancies regarding
data extraction were resolved by discussion and consul-
tation with senior authors. In addition, we evaluated

356 records
identified through
database
searching

L 112 records

206 records after excluded from
duplicates screening of titles
removed and abstracts

87 full-text articles
excluded, with
retrospective,

¥ noncomparative
94 full-text articles studies and
assessed for

eligibility

] animal

experiments

4
7 studies included
in the review and
meta-analysis

Figure 1 Flowchart of study selection.

the methodological quality of the trials according to the
methods recommended by the Cochrane Collaboration.*

Data analysis

We used Review Manager (RevMan V.5.3; Cochrane
Collaboration, Copenhagen, Denmark) for the statistical
analysis. For dichotomous data, risk ratios (RRs) were
used to evaluate the incidence of events, and the results
were reported with 95% Cls. For continuous data, mean
differences (MDs) with 95% CIs were used. Cochrane’s Q
and the F statistic were calculated to assess the heteroge-
neity. When F<50%, heterogeneity was considered to be
low. When 50%<F<75%, heterogeneity was considered
moderate. When FP>75%, heterogeneity was considered
high. In cases of low heterogeneity (<50%), a fixed-ef-
fect meta-analysis was used in conjunction with the study.”
In cases of significant heterogeneity (50%<F<75% or
12275%), a random-effects meta-analysis was used, and
studies were individually removed to determine the source
of significant heterogeneity. Then, the causes of signifi-
cant heterogeneity were analysed in detail. Otherwise,
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Figure 3 Forest plots illustrating the meta-analysis of outcomes with one-shot tract dilation versus serial tract dilation for
percutaneous nephrolithotomy. The outcomes analysed were (A) access time, (B) successful dilation rate and (C) stone-free rate.
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the source of heterogeneity, a meta-analysis was not
performed.

Successful dilation rate and stone-free rate
Six trials reported successful dilation rates.”'! None of
the RCTs found significant differences between OSD and
serial tract dilatation. The results of the meta-analysis
showed that OSD had a slightly lower successful dilation
rate than serial tract dilation. However, no significant
difference was found (fixed-effects analysis: RR, 0.98;
95% CI 0.96 to 1.00; p=0.07) (figure 3B). No significant
heterogeneity was observed (Q=2.73, p=0.74, I'=0%).
Seven trials reported stone-free rates,”"® and none
found significant differences between OSD and serial

A

one shot serial

—Study or Subgroup __Mean _SD Total Mean SD Total Weight IV, Fixed, 95% Cl Year

tract dilation. The overall stone-free rate was not different
between OSD and serial tract dilation (fixed-effects anal-
ysis: RR, 0.98; 95% CI 0.93 to 1.03; p=0.52) (figure 3C).
Heterogeneity was not observed (Q=1.93, p=0.93, ’=0%).

Decreases in haemoglobin levels and transfusion rate

Four RCTs recorded postoperative decreases in haemo-
globin levels.”” "' '* The haemoglobin levels decreased less
in the OSD group than in the serial tract dilation group
in two RCTs, but no difference was found in another trial.
The results of the meta-analysis showed that OSD signifi-
cantly reduced haemoglobin decrease compared with
serial tract dilation (MD, -0.23; 95% CI -0.39 to -0.07;

Mean Difference
IV, Fixed, 95% CI

Mean Difference

Frattini et al 2001 08 0.92 26 1.16 067 27 13.0% -0.36[-0.79,0.07) 2001
Amjadi et al 2008 13 11 17 15 11 14 40% -0.20(-0.98, 0.58] 2008
Aminsharifi et al 2011 1.59 1.23 29 198 12 19 50% -0.39[-1.09,0.31] 2011 —
Srivastava et al 2016 09 07 120 11 07 120 78.0% -0.20([-0.38,-0.02] 2016 . 3
Total (95% Cl) 192 180 100.0% -0.23 [-0.39, -0.07] >
Heterogeneity: Chi* = 0.66, df = 3 (P = 0.88); I = 0% 1 0 — 095 1
Test for overall effect: Z = 2.88 (P = 0.004) ocie shot - sertal
B one shot serial Risk Ratio Risk Ratio
& . o, ] B )
Frattini et al 2001 0 26 1 27 11.9% 0.35[0.01, 8.12] 2001 o
Amjadi et al 2008 1 17 1 14 8.9% 0.82 [0.06, 12.01] 2008 s
Falahatkar et al 2009 3 102 5 112 386% 0.66 [0.16, 2.69] 2009 —
Srivastava et al 2016 4 120 5 120 40.5% 0.80 [0.22, 2.91] 2016 ]
Total (95% Cl) 265 273 100.0% 0.69 [0.29, 1.63]
Total events 8 12 ) : y )
ity i2 = - - <12 = NY T T T T
R otm o 1o
est for overall effect: Z = 0.84 (P = 0.40) oneshot: seilal
C one shot serial Risk Ratio Risk Ratio
K . o 4 H 0,
Frattini et al 2001 0 26 0 27 Not estimable 2001
Amjadi et al 2008 0 h i 2 2 14 5.8% 0.17 [0.01, 3.21] 2008
Falahatkar et al 2009 5 102 7 112 143% 0.78 [0.26, 2.39] 2009 !
Nour et al 2014 8 24 9 25 18.9% 0.93[0.43, 2.00] 2014 .
Hosseini et al 2014 0 31 1 31 3.2% 0.33[0.01, 7.88] 2014
Srivastava et al 2016 24 120 27 120 57.8% 0.89 [0.55, 1.45] 2016 :
Total (95% CI) 320 329 100.0% 0.82 [0.56, 1.20]
Total events 37 46 ; ; : 2
- . 12 - - = . |2 = 0, Ll L) AJ A
;letetsrfogeneltyl.l Cf!;n 2 126_31 12;2 ; (-Po 3(1.80). ?=0% 0.005 o1 1 10 200
est for overall effect: Z = 1.02 (P = 0.31) enaahot el

serial

one shot

5 26 K 27

Frattini et al 2001 1 1

Hosseini et al 2014 322 17 31 417 1.06 31 234%
Nour et al 2014 43 1 24 46 1 25 25.1%
Srivastava et al 2016 27 21 120 31 16 120 26.1%
Total (95% CI) 201 203 100.0%

Heterogeneity: Tau* = 0.56; Chi* = 23.64, df = 3 (P <0.0001); I = 87%
Test for overall effect: Z = 0.37 (P = 0.71)

e ce

Mean Differenc Mean Differen

DNGQH

1.00 [0.46, 1.54] 200
-0.95 [-1.66,-0.24] 2014
-0.30 [-0.86, 0.26] 2014
-0.40 [-0.87, 0.07) 2016

HN

-0.15 [-0.93, 0.64)
3
LS

-2

3

T T
-1 0

one shot

3
T

N+

senal

Figure 4 Forest plots illustrating the meta-analysis of outcomes with one-shot tract dilation versus serial tract dilation for
percutaneous nephrolithotomy. The outcomes analysed were (A) postoperative decrease in haemoglobin level, (B) transfusion
rate, (C) complication rate and (D) length of postoperative hospital stay.
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p=0.004) (figure 4A). No heterogeneity was observed
(Q=0.66, p=0.88, =0%).

Four trials reported transfusion rates.’ '’ Transfusion
rates varied among the included studies. No significant
difference was found for any trial. Meta-analysis showed
that the RR of successful dilation was similar for OSD
and serial tract dilation (fixed-effects analysis: RR, 0.69;
95% CI 0.29 to 1.63; p=0.40) (figure 4B). No significant
heterogeneity was observed (Q=0.25, p=0.97, =0%).

Complication rates and length of postoperative hospital stay
Six RCTs provided complication rates.”®'*'* These RCTs
found no relationship between the method of tract dila-
tion and complication rates. A meta-analysis showed that
the overall rate of complications was lower in the OSD
group than in the serial tract dilation group (fixed-ef-
fects analysis: RR, 0.82; 95%CI 0.56 to 1.20; p=0.31)
(figure 4C). Heterogeneity was not observed ((Q=1.63,
p=0.80, =0%).

Four RCTs provided the length of postoperative hospital
stay.”® ' One trial reported that serial tract dilation signifi-
cantly reduced the length of the postoperative hospital
stay versus OSD.'” Two studies found that OSD was more
effective than serial tract dilation in decreasing the length
of postoperative hospital stay.7 ® No significant difference
was found in one trial.” The meta-analysis showed that
the RR of postoperative hospital stay was lower with OSD
than with serial tract dilation, but without statistical signif-
icance (random-effects analysis: MD, -0.15; 95% CI -0.93
to 0.64; p=0.71) (figure 4D). Significant heterogeneity
was observed ((0=23.64, p<0.0001, 12:87%).

A sensitivity analysis was conducted after excluding Frat-
tini’s study.'* However, the meta-analysis of this subgroup
did not support the overall analysis (fixed-effects anal-
ysis: MD, -0.48; 95% CI -0.80 to —0.16; p=0.003) (online
supplementary figure S2). No significant heterogeneity
was found in this subgroup (Q=2.21, p=0.33, ’=0%).

DISCUSSION

PCNL is the main treatment method for large and
complex kidney stones. The creation of a nephrostomy
tract is one of the most basic steps of PCNL. This system-
atic review of seven RCTs including 697 patients exam-
ined the evidence for the use of OSD versus serial tract
dilation to create access for PCNL. The RCTs showed a
statistically significant reduction in access time and fluo-
roscopy time with OSD but no difference between OSD
and serial tract dilatation in terms of the successful dila-
tion rate or transfusion rate. These results are consistent
with a previous systematic review performed in 2013, '
In addition, no difference was observed in the stone-free
rate or complication rate. However, postoperative haemo-
globin levels decreased less with OSD than with serial
tract dilation, which was inconsistent with the results of
the previous meta-analysis.'* This difference was mainly
due to an increased sample size.

Regarding access time, the results of the sensitivity anal-
ysis did not change when a study responsible for signif-
icant heterogeneity was omitted.” The possible causes
of heterogeneity included a small sample size and the
surgeon’s experience in this study. OSD involving a single
dilation of the tract with a 25- or 30 F dilator is simple and
does not require gradual tract dilation.'® It saves access
time and X-ray exposure during tract creation, thus
reducing the operative time and decreasing the risk of
radiation damage to patients and operators. In addition,
the simple surgical procedures allow surgeons to easily
master the technique.

In our experience, successful dilation and stone-free
rates are important factors that influence the effective-
ness of tract dilation techniques. According to our anal-
ysis, the successful dilation rate and stone-free rate of the
OSD group were slightly lower than those of the serial
group (98.2% vs 100% and 88.5% vs 89.9%, respectively);
however, our meta-analysis results did not show significant
differences regarding the successful dilation rate or the
stone-free rate between these two methods. Factors that
influence the successful dilation rate may be related to
the patient’s body mass index, a history of kidney surgery
and the surgeon's experience.

The meta-analysis showed that the postoperative
haemoglobin levels decreased significantly less in patients
who underwent OSD than in those who underwent serial
dilation. Kessaris et al'” found that the amount of intraop-
erative blood loss caused by the tract dilation technique
accounted for half of the total blood loss. The correct
puncture path and appropriate tract dilation methods
were key decisive factors that determined the amount of
intraoperative blood loss. The OSD method may effec-
tively lessen postoperative decreases in haemoglobin
levels by reducing the amount of bleeding during surgery.
However, the meta-analysis did not find that one partic-
ular tract dilation method significantly reduced the trans-
fusion rates of patients, possibly because the sample size
of the included studies was not sufficient to detect differ-
ences between these two methods. In addition, more
high-quality RCTs are required for further study.

In this study, the overall complication rate was 12.8% in
all patients (11.6% in the OSD group and 14.0% in the
serial dilation group). The main complications included
postoperative urinary tract infections, urine leakage,
haemorrhage, haematoma formation and postoperative
fever. The difference in complication rates was not statis-
tically significant between the OSD group and the serial
dilation group.

The results of the meta-analysis did not show that the
OSD technique could significantly reduce the length of
the postoperative hospital stay. However, after omitting
the study published by Frattini e al,'* we found that the
statistical results were significantly changed. The results
showed that OSD was more conducive to reducing the
length of the postoperative hospital stay than serial dila-
tion. The publication date may be the main source of
heterogeneity. In 2001, OSD was a novel method used
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to dilate the nephrostomy access for PCNL. Due to lack
of surgical experience, OSD might have caused more
parenchymal damage than the serial dilation technique.
This damage could prolong the patient’s recovery time.
With the maturity of the OSD technique, the damage was
reduced, thereby shortening the hospital stay. More high-
quality RCTs are required for further study.

The inclusion criteria of our systematic review speci-
fied inclusion of all prospective RCTs comparing the two
methods for PCNL for patients of any age or sex; an RCT
involving preschool children was also included in the
analysis. The results of the study showed that the access
and fluoroscopy times in the OSD group were signifi-
cantly shorter than those in the serial dilation group.
These findings are consistent with the results of RCTs
involving adults. In addition, the OSD technique signifi-
cantly shortened the length of the postoperative hospital
stay. This study indicated that the OSD method was also
safe and effective for preschool children.

Itis likely that age and sex caused bias in this study. The
age-sex adjusted RR or MD should have been reported
in addition to our results. Use of an age-sex adjusted RR
or MD in this meta-analysis would have resulted in more
appropriate interpretation of our results. However, not
all of the seven studies included in our meta-analysis
conducted a multivariate analysis. Moreover, the authors
of all trials were contacted to obtain the original data to
facilitate an in-depth meta-analysis. However, no response
was received. Therefore, it is impossible for us to report
an age-sex adjusted RR or MD in our manuscript. We
hope that further RCTs with detailed data will be available
to confirm our conclusions.

Regarding the safety and effectiveness of the OSD
technique, some studies have demonstrated that it is
equivalent to the serial dilation method for patients
with a history of open surgery."' '® Furthermore, other
important clinical implications of this technique may lie
in its cost effectiveness and cost savings. Of note, only
one dilator is needed to establish a tract with the OSD
technique. The cost of OSD is much lower than that of
the serial dilation method, which reduces the economic
burden on patients.'* Tonshal et al'’ reported that the
cost of the OSD technique is significantly lower than that
of the Amplatz sequential dilation technique. Two recent
studies have shown that OSD can significantly shorten the
length of hospital stay,”® which could also reduce the cost
of hospitalisation for patients. Reduction in treatment
costs can optimise the allocation of medical resources. It
is vital to evaluate the cost effectiveness of the two tract
dilation techniques in clinical practice, especially for
developing countries.

Limitations of this study

This study had some limitations. First, only seven studies
were included in this analysis, and the methodological
quality of several studies with small sample sizes was poor
or uncertain. These factors might have led to heteroge-
neity. Second, the experience of the surgeons was not

considered, which might have added to the bias. Third,
due to the inadequate number of studies included,
we did not perform funnel plots for further analysis of
publication bias. Despite a systematic search strategy, the
article language was restricted to English, which may have
resulted in language bias.

CONCLUSION

The results of this meta-analysis and systematic review
suggest that the OSD is a safe and efficacious tract dilation
technique that can reduce the access time, fluoroscopy
time and postoperative decreases in haemoglobin levels.
No differences were observed in the successful dilation
rate, stone-free rate, transfusion rate or complication rate
between the two techniques. The difference in the length
of postoperative hospital stay between the two techniques
is uncertain. OSD may be a better method than serial dila-
tion to establish tracts for PCNL. More high-quality RCTs
are needed for further study.
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