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Background: High intrarenal pelvic pressure (IPP) induces systemic absorption of irrigation fluid
containing bacteria or endotoxins, which is associated with postoperative fever (POF) and even urosepsis.
The emphasis of this meta-analysis lies in comparison of IPP and POF between mini-tract percutaneous
nephrolithotomy (MPCNL) and standard-tract percutaneous nephrolithotomy (SPCNL).

Methods: Eligible randomized controlled trials (RCTs) were identified from electronic databases from
inception to November 2019. Studies selection, quality assessment, data extraction and analysis were
accomplished by two independent reviewers using Cochrane Collaboration’s tools.

Results: Patients in the MPCNL group experienced higher IPP compared to SPCNL group [mean
difference (MD): 8.31, 95% confidence interval (CI): 3.67-12.96, P=0.0005] with highly between-study
heterogeneity (P=0.001, I’=85%). Notably, the IPP was higher in MPCNL group in different stages of the
procedure including introduction, fragmentation and end. However, only two trials were available for pooled
analysis. Additionally, the risk of POF in MPCNL was 2.43 times higher than that in SPCNL [odds ratio
(OR): 2.43, 95% CI: 1.39-4.27, P=0.002] with no significant between-study heterogeneity (P=0.83, I'=0%).
The two procedures was comparable on stone-free rate (SFR) (OR: 1.06, 95% CI: 0.61-1.86, P=0.83) and
operation time (MD: 5.69, 95% CI: -4.54 to 15.91, P=0.28).

Conclusions: Current evidence indicates that MPCNL is an effective alternative to SPCNL with
comparable SFR. IPP and POF is significantly higher during MPCNL compared to SPCNL. Intraoperative
detection of IPP is of great significance for ensuring safety and reducing postoperative complications,
especially for patients with MPCNL and the duration of stone fragmentation. Further large well-designed

trials are warranted to confirm our findings.
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Introduction

Currently, percutaneous nephrolithotomy (PCNL) has
been an established procedure primarily used to treat
urinary calculi greater than 2 cm due its higher stone
clearance and cost-effectiveness when compared to other
alternative procedures such as extracorporeal shock wave
lithotripsy (ESWL) and retrograde intrarenal surgery
(RIRS) (1). Recently, modifications of standard PCNL
(SPCNL) technique, namely minimally invasive PCNL
(MPCNL), have been proposed by some experts as
alternatives to decrease the operation-related complications
through smaller renal access sheaths, such as micro-PCNL
(4.5 Fr outer sheath), ultra-MPCNL (7.5 Fr nephroscope
and 11-13 Fr outer sheath), and super-MPCNL (7.5 Fr
nephroscope and modified 10-14 Fr outer sheath) (2).
These improved techniques are also known as “mini perc”
or “mini-PCNL”.

Our latest meta-analysis (3) comparing MPCNL to
SPCNL showed that MPCNL has the advantage of less
bleeding, fewer transfusion and higher stone-free rate (SFR)
but the disadvantage of a longer time to dislodge stones.
Besides, there was no significant difference between the two
groups for renal stones >2 c¢m in terms of SFR. However,
we did not assess the effect of intrarenal pelvic pressure (IPP)
on surgical safety. It is common for urologists to pressurize
the irrigation to provide a clear field of view and facilitate
removal of the calculi fragments (4). Unfortunately, poor
drainage of irrigation may provisionally increase IPP,
and this may cause systemic absorption of bacteria and
endotoxins from the irrigation fluid, further triggering
postoperative fever (POF) and sepsis (4,5). In this situation,
a systematic review and meta-analysis of existing controlled
studies was conducted to explore this relationship between

MPCNL and SPCNL.

Methods
Study selection

Eligible randomized controlled trials (RCTs) were identified
from electronic databases including PubMed, the Cochrane
Library, Embase, Web of Science and WANFANG up to
November 2019 in accordance with the PRISMA guidelines (6)
with no limitation to the language. Additionally, the
manual searches of the reference lists of all related articles
were supplemented to broaden the search. The following
keywords or Mesh terms were searched in title/abstract:
“pelvic pressure” and “percutaneous nephrolithotomy”. All
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trials reporting the outcomes of interest were included. A
statement of ethics approval and patient inform consent was
not required because all studies included in this article was
derived from published records online.

Selection criteria

The eligibility of studies was defined using the PICOS
method: Patients (P): kidney stone; Intervention (I):
PCNL; Comparison (C): publications comparing
MPCNL to SPCNL; Outcomes (O): the primary
outcomes were IPP, POF, procalcitonin and white blood
cell; the secondary outcomes were SFR, operation time
and bleeding; Study design (S): RCTs. The present meta-
analysis only reported IPP, POF, SFR and operation
time, because only a few studies described bleeding,
procalcitonin and white blood cell so that we are unable to
conduct a meta-analysis.

Quality assessment

Two independent reviewers (D Feng, X Zeng) evaluated
the study quality (Figure 1) according to the Cochrane
Collaboration’s Risk of Bias tool in Review Manager
software (https://community.cochrane.org/help/tools-
and-software/revman-5). This tool primarily evaluates
7 domains: random sequence generation (selection bias);
allocation concealment (selection bias); blinding of
participants and personnel (performance bias); blinding of
outcome assessment (detection bias); incomplete outcome
data (attrition bias); selective reporting (reporting bias);
other bias (such as funding sources). Two independent
investigators (D Feng, X Zeng) screened study based on titles
and abstracts. Studies that satisfied the inclusion criteria were
retrieved for full-text assessment. Data were independently
extracted by two reviewers (D Feng, X Zeng). Disagreements
were resolved by another researchers (P Han). The
manuscript was revised by the reviewer (X Wei).

Statistical analysis

The continuous and dichotomous variables were described as
means + standard deviation (SD) and proportions, respectively.
Median and range were used to estimate mean and SD (7). The
percentiles, 25th and 75th percentiles as well as 5th and 95th
percentiles, were transformed to SD through the following
formula: SD ~ Norm IQR = (P75 - P25) x0.7413 (IQR: inter-
quartile range, P75: 75th percentile, P25: 25th percentile) (8).
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Figure 1 The risk of bias using Cochrane Collaboration’s tools.

We calculated pooled estimates of the mean difference (MD)
or standard mean differences (SMD) and odds ratio (OR) for
continuous and dichotomous variables, respectively. We used
the Cochran Q test to evaluate between-study heterogeneity (9).
We also did I? testing to assess the magnitude of the
heterogeneity with values <50% regarded as being acceptable
heterogeneity (10). The fixed effects model was used unless
there exists heterogeneity (P<0.1), and significance was set at
P<0.05. This meta-analysis was accomplished by RevMan5
(version 5.3).
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Results
Search results

We identified 95 possible studies and three trials (11-13)
reporting the outcomes of interest were included in the
final analysis after duplicates removed, titles and abstracts
screened and full-text articles assessed. The three trials (11-13)
contained 331 patients (167 in the MPCNL and 164 in
the SPCNL), and the number of males was 199. The study
selection process is shown in Figure 2, and Table 1 details
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Figure 2 The study selection process (14).

to 12.18, P=0.08). However, only two trials (12,13) were
available for pooled analysis. Additionally, the risk of POF
in MPCNL was 2.43 times higher than that in SPCNL
(OR:2.43, 95% CI: 1.39-4.27, P=0.002) with no significant
between-study heterogeneity (P=0.83, I’=0%).

the main characteristics of included studies.

The primary outcomes

Patients in the MPCNL group experienced higher IPP
compared to SPCNL group (MD: 8.31, 95% CI: 3.67-
12.96, P=0.0005) with highly between-study heterogeneity

(P=0.001, ’=85%). The trial conducted by Wu et al. (11) The secondary outcomes

was source of heterogeneity. This may be resulted from
different irrigation flow and IPP measurement. Notably,
the IPP was higher in MPCNL group in different stages of
the procedure including introduction (MD: 2.84, 95% CI:
2.33-3.34, P<0.00001), fragmentation (MD: 9.59, 95% CI:
4.40-14.77, P=0.0003) and end (MD: 5.72, 95% CI: -0.75
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The efficacy of the two procedures on SFR was comparable
(OR: 1.06, 95% CI: 0.61-1.86, P=0.83). Besides, pooling
data of three studies (11-13) that assessed operation time
in 331 patients showed there is no statistically significant
difference in the MPCNL versus SPCNL group (MD: 5.69,
95% CI: -4.54 to 15.91, P=0.28) with significant between-
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Table 1 The main characteristics of included studies
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Irrigation flow
(mL/min)

Dilator Scope*

Access
sheath

Selection criteria

Stone size”

(mm)

Gender
(male/
female)

Sample

Age”
(years)

Country  Duration LoE*

Study

250-380

M:16 F;S: M:FD;S: NA

24 F

Upper tract stone: 2—-4 cm; hydronephrosis:

2-5 cm; single or multiple stone

M: 43;S: M:27/16; S:  M: 28.9 (0.4);

M: 51.7
8.3); S:

China 2014.7 1b
to

Zhong,
2016

(mean: 310)

FD

S:30.4 (0.5)

25/15

40

48.7 (9.2)

2015.7

NA

M: NA;S: M:NA; S:
AD

M: NA; S:
30F

Exclusion criteria: narrow infundibulum

M: 19.9 (5.0);
S:21.9 (4.8)

2012.8 2b M: 47.2 M:10;S: M: 4/6; S:
to 10

Turkey

Tepeler,
2014

24 F

impacted uretero-pelvic stone; ureteral

6/4

(15.1); S:

obstruction preventing the insertion of ureteral
catheter up to the collecting system; age

<18 years; multiple renal accesses

44.3 (10.1)

2013.2

M:18F;S: M:FD;S: M:8.0/9.8 M: 350-450;

24 F

Exclusion criteria: age <18 years; surgery

M: 69/45; S:  M: 34 [10]; S:

68/46

M: 114;
S:114

20143 1b  M:47.6
82)S:

to

Wu, 2016 China

F; S:20.8 S:280-380

FD

history of ipsilateral kidney; nephrostomy tube
placed on the ipsilateral kidney before the

33 [11]

48.1(7.9)

2015.7

surgery

LoE, level of evidence based on the Oxford Centre for Evidence-Based Medicine criteria (15). S, standard

&

P

*, nephroscope or ureteroscope; *, data were presented as mean (standard deviation);

percutaneous nephrolithotomy; M, minimally invasive percutaneous nephrolithotomy, FD, fascial dilators; AD, Amplatz dilators; NA, not available.
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study heterogeneity. The pooled results of the primary and
secondary outcomes are summarized in Figure 3.

Discussion

Kidney stone is a common urinary disease, and the goal
of treatment is to remove the stone as much as possible
and protect the renal function. At the present, PCNL has
been the most extensively used procedure for the treatment
of renal stone larger than 2 c¢cm (1). The first PCNL
technique was described by Fernstrom and Johansson in
1976 (16). This procedure removed calculus from the renal
collecting system through percutaneous access tracts with
a nephoscopy or ureteroscope (4,16). Owing to the large
trauma to renal parenchyma and severe complications
like bleeding, Jackman er al. (17) firstly introduced the
“miniperc” technique in children in 1998 and Lahme and
colleagues (18) shared their experience of mini-PCNL
with a 12-French rigid nephroscope and 15-French
Amplatz sheath firstly in adults in 2001. Subsequently, the
improvements continued over the past decades with the
introduction of micro-PCNL (19), ultra-MPCNL (20)
and super MPCNL (21) techniques. Technically speaking,
MPCNL has a smaller percutaneous tract and a smaller
field of vision compared to SPCNL. Additionally, MPCNL
requires special equipment and is more difficult to operate.
However, this was not the case. MPCNL sacrifices its
technical advantages to achieve higher surgical results.
Specifically, MPCNL has advantage of decreased trauma to
renal parenchyma, less pain, less bleeding and shorter length
of stay than SPCNL which has been demonstrated by the
previous meta-analysis (3). Elevated IPP might be attributed
to incomplete positioning of the nephroscopy sheath within
the collecting system and endoscopy through a narrow
infundibulum (22). Moreover, Zhong and his colleagues (4)
found that smaller tract contributes to higher IPP and POF
rate by comparing IPP of different percutaneous tracts
(14- to 18-French). The possible mechanisms of increased
IPP induced by MPCNL may be attributable to the
following aspects. Firstly, irrigation outflow principally goes
through the interspace between scope and peel-away sheath,
and little was passed through the ureter (4). Consequently,
smaller tracts are prone to cause poor drainage of irrigation
outflow from the interspace between endoscope and
peel-away sheath. Secondly, we use the impulsive stream
with high pressure produced by microcomputer control
pump to prompt removal of the calculi fragments, and we
continuously pressurize the irrigation to provide a clear
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MPCNL SPCNL Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight V. Random, 95% CI IV, Random, 95% CI
Tepeler 2014 152 56 10 11 441 10 29.7% 4.20[-0.10, 8.50] =
Wu 2016 256 53 114 138 41 114 38.8% 11.80[10.57, 13.03] =
Zhong 2016 226 105 43 147 6.9 40 31.5% 7.90[4.10, 11.70] —
Total (95% CI) 167 164 100.0%  8.31[3.67, 12.96] =
Heterogeneity: Tau? = 14.09; Chi? = 13.77, df = 2 (P = 0.001); I> = 85% -210 _ 1 o 0 1‘0 2’0
B Test for overall effect: Z = 3.51 (P = 0.0005) Favours [MPCNL] Favours [SPCNL]
.Postoperative fever
MPCNL SPCNL Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed. 95% CI
Tepeler 2014 1 10 0 10 2.7% 3.32[0.12, 91.60]
Wu 2016 28 114 15 114 70.1% 2.15[1.08, 4.29] .
Zhong 2016 17 43 7 40 27.2% 3.08 [1.11, 8.54] ol
Total (95% CI) 167 164 100.0%  2.43[1.39, 4.27] <>
Total events 46 22
Heterogeneity: Chi? = 0.36, df = 2 (P = 0.83); 12 = 0% ‘0 » 0‘1 ] 1‘0 100‘
Test for overall effect: Z = 3.10 (P = 0.002) ’ Favou.rs [MPCNL] Favours [SPCNL]
C Stone-free rate
MPCNL SPCNL Odds Ratio Odds Ratio
dy or Subgro Events Total Events Total Weight M-H, Fix % Cl M-H, Fix % Cl
Tepeler 2014 8 10 9 10 7.6% 0.44 [0.03, 5.88] ¥
Wu 2016 95 114 90 114 63.7% 1.330.68, 2.60]
Zhong 2016 35 43 35 40 28.7% 0.63[0.19, 2.10]
Total (95% CI) 167 164 100.0% 1.06 [0.61, 1.86] <>
Total events 138 134
Heterogeneity: Chi? = 1.62, df = 2 (P = 0.45); 12 = 0% o 61 0‘1 ; 1‘0 180
Test for overall effect: Z=0.21 (P = 0.83) ’ Favouré [MPCNL] Favours [SPCNL]
D Operation time
MPCNL SPCNL Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight [V, Random. 95% Cl 1V, Random, 95% Cl
Tepeler 2014 365 142 10 49 98 10 27.3% -12.50[-23.19,-1.81] o
Wu 2016 829 276 114 681 192 114 341%  14.80(8.63,20.97] &
Zhong 2016 233 36 43 128 37 40 386% 10.50([8.93, 12.07] L]
Total (95% Cl) 167 164 100.0%  5.69 [-4.54,15.91]
Heterogeneity: Tau? = 69.85; Chi? = 19.57, df = 2 (P < 0.0001); I* = 90% 20 - 1 " o 1’0 2‘0

Test for overall effect: Z = 1.09 (P = 0.28)

Favours [MPCNL] Favours [SPCNL]

Figure 3 The pooled outcomes included in this meta-analysis: (A) intrarenal pelvic pressure; (B) postoperative fever; (C) stone-free rate;
(D) operation time. MPCNL, minimally invasive percutaneous nephrolithotomy; SPCNL, standard-tract percutaneous nephrolithotomy;

SD, standard deviation; CI, confidence interval.

field of view for the urologists throughout the period of
MPCNL (4). Besides, the complexity of operation may
also contribute to the elevation of IPP. High renal pelvic
pressure results in systemic absorption of irrigation fluid
containing bacteria or endotoxins, which induces POF
(4,5). Although the previous meta-analysis (3) indicated that
MPCNL was a safe and effective alternative to SPCNL,
IPP should not be ignored during PCNL. Currently,
little was known about IPP and its association with POF

© Translational Andrology and Urology. All rights reserved.

between MPCNL and SPCNL. Thus, the emphasis of this
meta-analysis lies in comparison of IPP and POF between
MPCNL and SPCNL.

Our study showed that MPCNL has higher IPP than
SPCNL throughout the period of operation which is
consistent with the result of POF. Actually, the pressure in
the renal pelvis is about 7.35 mmHg under physiological
condition, and the IPP larger than 30 mmHg will lead to
continuous liquid reflux in the renal pelvis (23). In order
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to reduce the backflow of perfusion fluid, 30 mmHg is the
maximal safe value during PCNL (22). The regurgitation
pathway mainly includes renal pelvic tubular regurgitation
and renal calyceal fornix regurgitation, the latter includes
renal pelvic and renal sinus regurgitation, renal perivascular
regurgitation, renal pelvic venous regurgitation, renal pelvic
lymphatic regurgitation and so on (22).

Similar to the previous meta-analysis (3), our study
showed no significant difference in SFR between MPCNL
and SPCNL in terms of renal stones >2 c¢cm. Therefore,
our study confirms the efficacy of MPCNL. Notably,
IPP generally remains lower than the backflow level
(30 mmHg) during MPCNL via a 14- to 18-French
percutaneous tract (4). Any factors that caused poor
drainage would result in temporarily elevated IPP
greater than 30 mmHg, and many such occurrences of
high pressure would have an accumulating effect, which
means enough backflow to cause bacteremia and POF (4).
Specifically, the threshold of accumulated time of IPP
greater than 30 mmHg may be 50 s (4). Besides, there was
also no significant difference in operation time between the
two groups, which was different from the previous study (3).
However, due to the limited RCTs and great heterogeneity,
we are unable to make definitive conclusions.

To our knowledge, our study is the first meta-analysis that
compares IPP and POF between MPCNL and SPCNL.
However, our present study does have the following
limitations. Foremost, the broad heterogeneity in study
populations, designs and definitions of outcome measures.
Secondly, we are unable to perform a meta-analysis on
hematology-related infection indicators such as procalcitonin
and white blood cell due to limited RCTs and unavailable data,
despite these indicators seemed to be higher in MPCNL group
(11,13). Thirdly, the limited number of RCTs and sample size
make our conclusions unstable and unreliable.

Although MPCNL has been established to be an
alternative to SPCNL, it is unlikely to completely replace
SPCNL due to the limited sheath diameter. MPCNL
represents an extension of the indication for SPCNL that it
can replace in no way, and smaller tracts do not mean better
effects. Too small tract might not provide enough interspace
between the scope and pee-away sheath for irrigation outflow,
and thereby increase IPP causing POF and even sepsis. We
should pay attention to the cumulative effect of IPP during
MPCNL. Besides, the relationship between percutaneous
tract and the number, size, type and components of stone
remains the focus of research in the future.
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Conclusions

Current evidence indicates that MPCNL is an effective
alternative to SPCNL with comparable SFR. IPP and
POF is significantly higher during MPCNL compared
to SPCNL. Intraoperative detection of IPP is of great
significance for ensuring safety and reducing postoperative
complications, especially for patients with MPCNL and
the duration of stone fragmentation. Further large well-
designed trials are warranted to confirm our findings.
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