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Abstract. The present study aimed to assess current evidence on 
the effectiveness and safety of minimally invasive vs. standard 
percutaneous nephrolithotomy (PCNL) in the management 
of renal stones. A systematic search of electronic databases, 
which included PubMed, EMBASE and the Cochrane Library 
up to May 2019 was performed. Using Review Manager 
statistical software (version 5.3), primary outcomes, including 
stone‑free rates (SFRs), were evaluated. Meanwhile, analysis 
was also performed to compare secondary outcomes, such 
as peri‑ and postoperative complications and operative data. 
Fourteen studies involving 1,611 patients with renal stones 
were analyzed based on the inclusion criteria. On the basis 
of the present analysis, mini percutaneous nephrolithotomy 
(MPCNL) was proven to have non‑inferior clinical efficacy 
with respect to the SFR compared with PCNL [odds ratio 
(OR)=1.10; 95% confidence interval (CI), 0.84‑1.44; P=0.48]. 
In addition, the meta‑analysis showed that MPCNL had a 
significantly lower hemoglobin decrease [mean difference 
(MD)=‑0.68; 95% CI, ‑1.05 to ‑0.31; P=0.0003] and fewer 
blood transfusions (OR=0.36; 95% CI, 0.18‑0.71; P=0.003) 
compared with PCNL. Moreover, the MPCNL group had 

a shorter inpatient stay (MD=‑0.81; 95% CI, ‑1.55 to ‑0.08; 
P=0.03) compared with the PCNL group. However, the overall 
evidence was insufficient to suggest a statistically significant 
difference in the adverse event profile for MPCNL compared 
with PCNL. The present meta‑analysis indicates that MPCNL 
is an effective method for treating renal stones. Compared with 
PCNL, MPCNL not only has similarly high SFRs but is also 
associated with less blood loss, fewer blood transfusions, more 
favorable recovery time and shorter inpatient stays. However, 
the findings of the present study should be further confirmed 
by well‑designed prospective randomized controlled trials 
with a larger patient series.

Introduction

Globally, kidney stone formation is one of the three most 
common diseases in urology, accounting for 80‑90% of all 
urinary calculi (1,2). Percutaneous nephrolithotomy (PCNL) is 
the standard treatment for renal stones >2 mm and is a suitable 
choice for smaller renal stones (3). Although this approach has 
high stone‑free rates (SFRs), it is associated with more post‑
operative complications, such as postoperative bleeding, fever 
and postoperative pain, compared with other approaches, such 
as extracorporeal shockwave lithotripsy and retrograde intra‑
renal surgery (4,5). The most important disadvantage of PCNL 
is that it is associated with increased complications related to 
larger tract access (6). In an effort to reduce complications 
related to PCNL or to make the procedure more suitable for 
children, minimally invasive PCNL (MPCN), which uses 
a smaller tract, was introduced to treat urinary stones (7,8). 
MPCNL is a modified PCNL technique with a miniaturized 
scope that moves through a smaller (≤22 F) nephrostomy 
tract (9). Although MPCNL was more likely to be associated 
with fewer complications, there was still controversy about its 
relative efficiency in the clearance of stones compared with 
standard PCNL, as the smaller tract may hinder the required 
instrumental manipulations for stone removal, especially for 
large calculi (10). In recent years, an increasing number of 
studies have been conducted to assess the clinical efficiency, 
operative results and complications of MPCNL and PCNL, 
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but the outcomes of these studies have varied (11‑13). Thus, it is 
worth conducting a new systematic review and meta‑analysis 
that includes the relevant, available randomized controlled 
trials (RCTs) and prospective studies to date to evaluate the 
efficacy of MPCNL and PCNL.

Materials and methods

Search strategy. To assess the clinical efficacy and safety of 
MPCNL and PCNL, a comprehensive literature search was 
performed using PubMed (https://pubmed.ncbi.nlm.nih.gov/), 
Embase (https://www.embase.com/) and the Cochrane Library 
(https://www.cochranelibrary.com/) between March 2019 and 
May 2019. The keywords ‘mini percutaneous nephrolithotomy’, 
‘percutaneous nephrolithotomy’, ‘renal stone’, ‘minimally 
invasive’ and ‘standard’ were used to search for articles. These 
search terms were used individually and in combination. 
Additionally, hand searches were performed for the references 
and citation lists of all relevant reviews. For publication 
selection, a search strategy was applied based on the Preferred 
Reporting Items for Systematic Reviews and Meta‑analysis 
statement (14) and the Assessing the Methodological Quality 
of Systematic Reviews guidelines  (15). Only RCTs and 
prospective studies comparing MPCNL with PCNL were 
included. Relevant references cited in the selected papers 
were also retrieved. No language restrictions were applied and 
the search was limited to human studies. Literature search, 
selection and data extraction were independently performed 
by two reviewers (ZL and BJ) and were then cross‑checked. 
Any differences at this stage were resolved through discussion 
and if necessary, by a majority decision of the reviewers. A 
flowchart showing the number of publications selected or 
excluded at each stage is presented in Fig. 1. Ethical Committee 
approval for the current study was not required as all data were 
carefully extracted from existing literature and this article did 
not involve the handling of individual patient data.

Assessment of study quality. The levels of evidence for 
each selected article were evaluated based on the criteria 
recommended by the Oxford Centre for Evidence‑based 
Medicine  (16). For methodological quality assessment, 
the Jadad scale (17) was used to assess the quality of RCTs 
and the Newcastle‑Ottawa Scale  (18) was used to evaluate 
the quality of prospective studies (Table I). In addition, the 
Cochrane Collaboration tool (19) was used to assess the risk 
of bias of RCTs. Twelve relevant studies  (12,20‑30) which 
included 1,611 patients were selected for analysis (Table II). 
No differences were found in terms of age and basic physical 
conditions between the MPCNL and PCNL groups. Data 
were independently extracted by two authors (BJ and ZL). 
The mean difference (MD) or standardized mean difference 
(SMD) was used to evaluate continuous outcomes. For studies 
expressing continuous data as the median and range values, 
the statistical formula described by Hozo et al (31) was used 
to determine the mean and standard deviation. The results are 
expressed as the risk ratio (RR) with a 95% confidence interval 
(CI) for dichotomous variables. The χ2 and I2 tests (I2 >50% 
was regarded as substantial heterogeneity) were used to assess 
the heterogeneity of the study data. A random‑effects model 
was used to reduce the effect of statistical heterogeneity for the 

meta‑analyses. The pooled effects were determined by a z test 
and a P‑value <0.05 was considered to indicate a statistically 
significant difference. Moreover, for comparisons between 
MPCNL and PCNL, relevant publications with appropriate 
data was used to perform subgroup analyses according to the 
device used. For several comparisons, sensitivity analyses were 
used. The meta‑analysis of comparable data was performed 
using Review Manager software (version 5.3; Cochrane).

Results

Quality assessment. Among seven RCTs, most studies had a low 
risk of bias. Considering the ethical factor of surgery, it is not 
ideal to achieve blind methods. Therefore, four trails (20,28‑30) 
were evaluated to have high risk for blinding of participants and 
personnel according to the article content (Fig. 2).

Overall SFR. Twelve studies involving 1,611 participants were 
included that compared the SFRs of MPCNL and PCNL. 
The overall results showed that the SFRs of the two groups 
were not significantly different [odd ratio (OR)=1.10; 95% CI, 
0.84‑1.44; P=0.48; Fig. 3]

SFR according to size. Five studies compared the SFRs for 
calculi >2 cm and the meta‑analysis showed no significant differ‑
ence between the groups (OR=1.06; 95% CI, 0.64‑1.74; P=0.82; 
Fig. 4A). Two studies compared the SFR for calculi <2 cm and 
the SFR was not significantly different between MPCNL and 
PCNL groups (OR=0.54; 95% CI, 0.11‑2.70; P=0.45; Fig. 4B).

SFR of staghorn stones. Two studies reported the SFR in 
calculi that were classified as staghorn stones. There was 
no significant difference between the two groups (RR=1.11; 
95% CI, 0.87‑1.42; P=0.40; Fig. 4C).

SFR according to follow‑up time. For SFRs within 1 week, 
this rare outcome was reported in three trials that compared 
MPCNL and PCNL. When pooled, the results showed that 
there was no significant difference between the two groups 
(RR=1.03; 95% CI, 0.96‑1.10; P=0.41; Fig. 4D). For SFRs 
at 1 month, four trials that included 417 participants were 
included in the present analysis. The present results verified 
that there was no significant difference between the two groups 
(OR=1.02; 95% CI, 0.53‑1.99; P=0.94; Fig. 4E).

Operation duration. Twelve trials that met the inclusion criteria 
that compared MPCNL to PCNL and the overall operation 
time was approximately 7 min less for PCNL compared with 
MPCNL (MD=7.62; 95% CI, 1.05‑14.19; P=0.02; Fig. 5A).

Operation time of staghorn stones. Regarding the operation 
time of staghorn stones, two studies were included in the 
meta‑analysis. The results demonstrated that PCNL incurred 
a shorter time compared with MPCNL (MD=20.83; 95% CI, 
7.11‑34.54; P=0.003; Fig. 5B).

Operative hemoglobin decrease. Eight studies that reported 
the operative hemoglobin decrease and compared MPCNL to 
PCNL were included in the meta‑analysis. While the sensi‑
tivity analysis suggested that this factor had little impact on the 
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combined result, a significantly lower operative hemoglobin 
decrease was observed for MPCNL compared with PCNL 
(MD=‑0.68; 95% CI, ‑1.05 to ‑0.31; P=0.0003; Fig. 6).

Blood transfusion. Eleven studies involving 1,530 patients 
compared the blood transfusions between the two groups. 
The meta‑analysis demonstrated that there were fewer blood 
transfusions in the MPCNL group compared with the PCNL 
group (OR=0.36; 95% CI, 0.18‑0.71; P=0.003; Fig. 7).

Hospitalization time. Regarding the length of inpatient stays, 
eight studies were included in the meta‑analysis. When pooled, 

the results showed that the MPCNL group had a significantly 
shorter hospitalization time than the PCNL group (MD=‑0.81; 
95% CI, ‑1.55 to ‑0.08; P=0.03; Fig. 8).

Postoperative visual analogue scale (VAS). For the VAS, a total 
of four studies that included 393 participants met the inclu‑
sion criteria. The combined result did not show a significant 
difference between MPCNL and PCNL groups (MD=‑0.62; 
95% CI, ‑1.44‑0.19; P=0.13; Fig. 9).

Postoperative fever. To evaluate long‑term postoperative fever, 
twelve studies were included in the statistical analysis. The 

Figure 1. PRISMA flowchart.

Table I. Summary of comparative studies included in the meta‑analysis.

		  Sample
	 Intervention	 size (n)
	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑	 Study
Author, year	 Country	 Study period	 Study design	 LE	 Trial	 Control	 Trial	 Control	 quality	 (Refs.)

Du et al, 2018	 China	 2009‑2014	 RCT	 2b	 MPCNL	 PCNL	 304	 297	 3a 	 (20)
Güler et al, 2019 	 Turkey	 2009‑2011	 RCT	 2a	 MPCNL	 PCNL	 51	 46	 4a	 (21)
Haghighi et al, 2017 	 Iran 	 2016‑2017	 RCT	 2a	 MPCNL	 PCNL	 35	 35	 3a	 (22)
Karakan et al, 2017 	 Turkey	 2014‑2016	 RCT	 2a	 MPCNL	 PCNL	 47	 50	 3a	 (23)
Knoll et al, 2010 	 Germany	 N/A	 Prospective study	 3b	 MPCNL	 PCNL	 25	 25	 6b	 (24)
Kukreja et al, 2018 	 India	 2015‑2017	 Prospective study	 2b	 MPCNL	 PCNL	 61	 62	 7b	 (25)
Li et al, 2010 	 China	 2005‑2008	 Prospective study	 3b	 MPCNL	 PCNL	 93	 72	 6b	 (26)
Mishra et al, 2011 	 India	 2009‑2010	 Prospective study	 3b	 MPCNL	 PCNL	 27	 28	 9b	 (27)
Sakr et al, 2017	 Egypt	 2010‑2013	 RCT	 2a	 MPCNL	 PCNL	 87	 81	 3a	 (28)
Song et al, 2011 	 China	 2008‑2009	 RCT	 2b	 MPCNL	 PCNL	 30	 30	 2a	 (29)
Xu et al, 2014 	 China	 2011‑1013	 Prospective study	 3b 	 MPCNL	 PCNL	 37	 34	 6b	 (12)
Zhong et al, 2011 	 China	 2008‑2009	 RCT	 2b	 MPCNL	 PCNL	 29	 25	 3a	 (30)

aJadad scale (score, 0‑5); bNewcastle‑Ottawa Scale (score, 0‑9). LE, level of evidence; Ref., reference; RCT, randomized controlled trial; 
PCNL, percutaneous nephrolithotomy; MCPNL, minimally invasive PCNL; N/A, not applicable.
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meta‑analysis revealed that there was no significant difference 
in the incidence of repeated surgery between these two groups 
(OR=1.27; 95% CI, 0.89‑1.82; P=0.19; Fig. 10).

Urinary perforation. Urinary perforation outcomes were 
reported in five studies, all of which compared MPCNL 
to PCNL. A total of 16 events were reported among 429 
participants. On the basis of the present analysis, no significant 

heterogeneity was found among these trials (I2=0) and the 
overall result revealed that the MPCNL group was similar to 
the PCNL group in regard to this outcome (OR=0.96; 95% CI, 
0.34‑2.67; P=0.93; Fig. 11A).

Urinary leakage. With regard to leakage, four studies 
comparing MPCNL to PCNL were included. A total of 13 
events were reported among 371 participants. On the basis of 

Table II. Baseline characteristics of included studies.

			   Access
		  Stone	 sheath		  Nephroscope		  Follow‑up
Author, year	 Treatment	 size	 size (F)	 Dilator	 size (F)	 Lithotripsy	 (SFR)	 (Refs.)

Du et al, 2018	 MPCNL	 9.54±5.2/	 16‑18 	 FD	 12	 Laser	 3‑5 days	 (20)
		  13.9±4.7 cm²
	 PCNL	 12.4±6.4 cm²	 24 	 FD	 N/A	 Laser		
Güler et al, 2019	 MPCNL	 38.7±13.1 mm	 16.5/20 	 Amplatz	 12	 Laser	 1 day	 (21)
				    dilator
	 PCNL	 38.7±13.1 mm	 30 	 Balloon	 26	 Pneumatic‑		
				    dilator		  ultrasonic
Haghighi et al, 	 MPCNL	 14.26 (5.3) mm	 16 	 FD	 9.8	 Pneumatic	 48 h 	 (22)
2017
	 PCNL	 15.35 (5.85) mm	 30 	 Amplatz	 24	 Pneumatic		
				    dilator
Karakan et al,	 MPCNL	 20.3±3.0 mm	 14 	 Single shot	 8/9.8	 Laser	 1 month	 (23)
2017				    14 F dilator
	 PCNL	 20.9±3.6 mm	 24 	 Amplatz	 22‑25	 Ultrasonic and 		
				    dilator		  pneumatic
Knoll et al, 2010 	 MPCNL	 18±3.3 mm	 18 	 Singlestep	 N/A	 Laser	 1 day	 (24)
				    metal dilators
	 PCNL	 22±4.25 mm	 26 	 Alken dilator	 N/A	 Ultrasound/laser		
Kukreja et al, 2018 	MPCNL	 20.6±3.47 mm	 16.5/17.5	 Teflon dilator 	 12	 Laser/pneumatic	 1 month	 (25)
	 PCNL	 21.5±3.53 mm	 22/24 	 Teflon dilator	 20.5	 Laser/pneumatic		
Li et al, 2010	 MPCNL	 28.6 (9‑78) mm	 14‑18 	 FD	 8/9.8 	 Ultrasound/laser	 1 day	 (26)
	 PCNL	 30.4 (12‑8) mm	 30 	 TMD	 N/A	 Pneumatic		
Mishra et al, 2011	 MPCNL	 1.47±0.3 cm²	 14‑18 	 FD	 N/A	 Pneumatic	 1 month	 (27)
	 PCNL	 1.49±0.6 cm²	 24‑28 	 TMD	 12/14 	 Pneumatic/		
						      laser/ultrasonic
Sakr et al, 2017	 MPCNL	 2.7±0.2 cm	 16.5 	 TMD	 12	 Pneumatic	 1 day	 (28)
	 PCNL	 2.6±0.6 cm	 30 	 TMD	 26	 Pneumatic		
Song et al, 2011	 MPCNL	 8.57±2.2 cm²	 16 	 FD	 N/A	 Laser	 3‑5 days	 (29)
	 PCNL	 8.65±2.0 cm²	 24 F	 TMD	 24 F	 Ultrasound + 		
						      pneumatic
Xu et al, 2014	 MPCNL	 33.4±10.3 mm	 16 F	 FD	 12 F	 Laser	 N/A	 (12)
	 PCNL	 41.4±10.9 mm	 24 F	 TMD	 20.5 F	 Ultrasound + 		
						      pneumatic
Zhong et al, 2011	 MPCNL	 11.7 (8.8‑22.8) cm²	 16 F	 FD	 8/9.8 F	 Pneumatic	 1 day	 (30)
	 PCNL	 10.8 (8.4‑20.2) cm²	 26 F	 FD	 N/A	 Pneumatic		

Data are presented as mean ± standard deviation or mean (interquartile range). F, French units; SFR, stone‑free rate; Ref., reference; PCNL, 
percutaneous nephrolithotomy; MCPNL, minimally invasive PCNL; N/A, not applicable; SD, standard deviation; IQR, interquartile range; FD, 
fascial dilators; TMD, telescoping metal dilators, N/A not available; F, French units; SFR, stone‑free rate.
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the present analysis, no heterogeneity was found among the 
trials (I2=0). No significant differences were found between the 
two groups (RR=0.50; 95% CI, 0.15‑1.69; P=0.27; Fig. 11B).

Delayed hemorrhage. Only two studies were available for 
meta‑analysis regarding delayed hemorrhage. There was no 
significant difference between the two groups (OR=0.42; 
95% CI, 0.06‑2.95; P=0.38; Fig. 11C).

Complications. The incidence of Clavien‑Dindo grade (32) 
I complications was not significantly different between the 
groups (OR=1.30; 95% CI, 0.44‑3.88; P=0.64) and there was no 
difference in terms of the incidence of Clavien‑Dindo grade II 

complications (OR=0.49; 95% CI, 0.22‑1.09; P=0.08). In addi‑
tion, the incidence of Clavien‑Dindo Grade III complications 
was not significantly different between the groups (OR=0.67; 
95% CI, 0.27‑1.62; P=0.37; Fig. 12).

Sensitivity analysis and publication bias. For outcomes with 
high heterogeneity, sensitivity analysis was performed on 
a subgroup of RCTs (Table III). Most outcomes, including 
SFR, operative hemoglobin decrease and postoperative VAS, 
were not significantly different, indicating that the results of 
the present meta‑analysis were stable. Meanwhile, significant 
differences in operation time and hospital stay between the 
two groups were not found due to the difference in patient 

Figure 2. Risk of bias assessment using the Cochrane Collaboration tool. (A) Risk of bias graph. (B) Risk of bias summary. +, low risk of bias; ?, unclear risk 
of bias; ‑, high risk of bias.

Figure 3. Forest plot of the overall stone‑free rate. Black diamonds indicate study weight. Blue squares indicate overall result. Horizontal lines indicate the 95% 
confidence interval. CI, confidence interval; df, degrees of freedom; M‑H, Mantel‑Haenszel; Random, random effects model; SD, standard deviation; PCNL, 
percutaneous nephrolithotomy; MCPNL, minimally invasive PCNL.
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inclusion criteria, outcome definitions and standards, surgical 
experience, follow‑up imaging and duration. Funnel plots were 
used to assess the publication bias of included studies. The 
result showed no apparent asymmetry, which indicated no 
obvious publication bias (Fig. 13).

Discussion

Kidney calculi are a common urological disorder character‑
ized by a high recurrence rate (33). PCNL is currently the gold 
standard treatment for large kidney stones (3,34). Although 
PCNL had high SFRs, it is associated with complications 
such as bleeding and blood transfusion (35‑37). In an effort 
to reduce morbidity related to PCNL instruments with large 
diameter channels (38), a renewed need for a definitive treat‑
ment for bulk urolithiasis and improvements in less invasive 

approaches have gained interest in other techniques. MPCNL 
utilizes a smaller tract dilation diameter and was introduced 
to reduce the complications associated with a larger access 
tract (37). To date, MPCNL has not been standardized, leading 
sheath diameters <22 F to be defined as miniaturized (9). 
Although a number of studies have shown the effectiveness 
of PCNL and MPCNL for the treatment of renal stones, the 
results have been controversial  (24,26,28). The purpose of 
the present meta‑analysis was to evaluate and compare the 
efficacy and safety of PCNL and MPCNL for the treatment 
of renal calculi.

The SFR is the most important parameter for estimating the 
efficacy of these two approaches (39). In theory, with respect 
to the surgical process, PCNL has a higher SFR compared 
with MPCNL because the larger access tract provides a wider 
view (40). In the present meta‑analysis, the results revealed no 

Figure 4. Forest plots of the stone‑free rate subgroups. (A) SFR analysis of stones >2 cm. (B) SFR analysis of stones <2 cm. (C) SFR analysis of staghorn stones. 
(D) SFR analysis within 1 week. (E) SFR analysis within 1 month. Black diamonds indicate study weight. Blue squares indicate overall result. Horizontal lines 
indicate the 95% confidence interval. CI, confidence interval; df, degrees of freedom; M‑H, Mantel‑Haenszel; Random, random effects model; SD, standard 
deviation; PCNL, percutaneous nephrolithotomy; MCPNL, minimally invasive PCNL; SFR, stone‑free rate.
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significant difference in the SFR between the MPCNL and 
PCNL groups, indicating that MPCNL is an effective method 
for treating renal stones. Numerous studies have shown the 

different effectiveness of PCNL and MPCNL for the treatment 
of renal stones (21,41,42). However, the conclusion of each 
research may have varied due to the following factors. First, 

Figure 6. Forest plot of hemoglobin decrease. Black diamonds indicate study weight. Blue squares indicate overall result. Horizontal lines indicate the 95% 
confidence interval. CI, confidence interval; df, degrees of freedom; Random, random effects model; SD, standard deviation; PCNL, percutaneous nephroli‑
thotomy; MCPNL, minimally invasive PCNL; IV, inverse variance.

Figure 5. Forest plots of the operative time. (A) Operation duration. (B) Operation time of staghorn stones. Black diamonds indicate study weight. Blue squares 
indicate overall result. Horizontal lines indicate the 95% confidence interval. CI, confidence interval; df, degrees of freedom; Random, random effects model; 
SD, standard deviation; PCNL, percutaneous nephrolithotomy; MCPNL, minimally invasive PCNL; IV, inverse variance.

Figure 7. Forest plot of blood transfusion. Black diamonds indicate study weight. Blue squares indicate overall result. Horizontal lines indicate the 95% 
confidence interval. CI, confidence interval; df, degrees of freedom; M‑H, Mantel‑Haenszel; Random, random effects model; SD, standard deviation; PCNL, 
percutaneous nephrolithotomy; MCPNL, minimally invasive PCNL.
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different definitions and imaging modalities were adopted to 
evaluate the SFR among the 12 studies. For example, imaging 
modalities that included plain‑film X‑ray and/or ultrasonog‑
raphy and/or non‑contrast computed tomography (CT) were 
used to assess whether patients were free of stones. Although 
CT is the most accurate method to assess the SFR, it is asso‑
ciated with higher costs and additional radiation exposure 
compared to other imaging techniques (43). It is worth noting 
that there is no consensus on a clear definition of the SFR, which 
was defined as residual debris (0‑4 mm) (44,45). A smaller 
tract may hinder the required instrumental manipulations for 
stone removal, especially with large calculi. The SFR is also 

related to the follow‑up time, as the SFR 1 month after surgery 
is higher compared with 1 day after surgery. Time is needed 
for stone fragments to be flushed out with urine. The size and 
location of the stone also makes a difference. Some large 
stones even need a second round of treatment to completely 
remove the stone. Many urologists attempted multitract access 
in PCNL to elevate the SFR and achieve good clinical results. 
Some studies have concluded that although increasing the 
number of tracts exponentially increases blood loss, it does 
not increase the overall complication rate (46,47). Lithotripsy 
instruments that are currently used include pneumatic and 
laser or ultrasonic devices and the stone could be completely 

Figure 9. Forest plot of postoperative visual analogue scale. Black diamonds indicate study weight. Blue squares indicate overall result. Horizontal lines 
indicate the 95% confidence interval. CI, confidence interval; df, degrees of freedom; Random, random effects model; SD, standard deviation; PCNL, percu‑
taneous nephrolithotomy; MCPNL, minimally invasive PCNL; IV, inverse variance.

Figure 10. Forest plot of postoperative fever. Black diamonds indicate study weight. Blue squares indicate overall result. Horizontal lines indicate the 95% 
confidence interval. CI, confidence interval; df, degrees of freedom; M‑H, Mantel‑Haenszel; Random, random effects model; SD, standard deviation; PCNL, 
percutaneous nephrolithotomy; MCPNL, minimally invasive PCNL.

Figure 8. Forest plot of hospitalization times. Black diamonds indicate study weight. Blue squares indicate overall result. Horizontal lines indicate the 95% 
confidence interval. CI, confidence interval; df, degrees of freedom; Random, random effects model; SD, standard deviation; PCNL, percutaneous nephroli‑
thotomy; MCPNL, minimally invasive PCNL; IV, inverse variance.
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crushed when laser instruments are used, leading to a higher 
early SFR compared with other methods (48). The articles 
included in the present study used different types of lithotripsy, 
which influences the SFR. Clinical evaluation demonstrated 
that the combined usage of pneumatic and ultrasonic devices 
has significantly increased the efficiency of stone fragmenta‑
tion (49,50). More subgroups divided based on the lithotripsy 
methods could be analyzed to reduce bias. The included study 
period is between 2005‑2017, during which surgical equip‑
ment and methods have significantly improved. The lithotripsy 
stone system is more efficient and has a better SFR compared 
with the ultrasound, which also offers outcome bias.

Operative times were reported in 12 of the included studies 
and five studies indicated that MPCNL had significantly 
longer operating times compared PCNL. As a result of the 
smaller channel and diminished intraoperative field visibility 
with miniature endoscopes, it is necessary to break the stones 
into smaller fragments to remove them, which increases the 
operation time of MPCNL (51). Other factors that significantly 
affected the operative time in the multivariate analysis were 
the presence of multiple stones, branching stones or multiple 
tracts  (52,53). With larger tracts, standard PCNL offers a 
wider working channel that bigger stone fragments could be 
removed by using forceps or basket. However, for MPCNL, 
the stone needs to be crushed into smaller pieces for the stone 
can be sucked out or clamped out, thus prolonging the surgical 
time. We hypothesize that mastering the proper technique of 
stone fragmentation and retrieval helps reduce the operative 
time and the chances of fragment migration (25). Moreover, 
MPCNL is more complex than PCNL and it takes more time 
to assemble the equipment. The operative time was not clearly 

defined and did not have any uniform standards, which was the 
largest source of heterogeneity and bias.

Regarding the staghorn stones, two studies were included in 
the meta‑analysis. Staghorn stones still represent an intractable 
challenge to urologists. In the current American Urological 
Association guidelines, PCNL is recommended as the first‑line 
therapy for staghorn calculi (54). The present study showed no 
significant difference in the SFR between the MPCNL and PCNL 
groups. This may be related to the use of multiple mini tracts in 
the MPCNL, which promoted the clearance rate. However, the 
operation time in MPCNL group was higher compared with 
PCNL. Due to due to the reduced diameter of the tract, the pres‑
sure in the pelvicaliceal system has a corresponding increase (12). 
The higher renal pelvic pressure (RPP) could cause high‑pres‑
sure‑induced bacterial endotoxin absorbance in the renal pelvis or 
perfusion (26). The main factor determining the RPP during the 
operation is the irrigation outflow (55). Xu et al (12) found that a 
trend towards metabolic acidosis is obvious as the irrigation time 
goes by. Therefore, the impact of prolonged operation time should 
be noted when choosing MPCNL, especially for the management 
of staghorn stones. For a more solid conclusion, more studies are 
required to verify the safety of the MPCNL in the management 
of staghorn stones.

A meta‑analysis of complications in MPCNL and PCNL, 
including fever, urinary tract perforation, leakage and blood 
loss, was performed. The evidence showed that there were 
no statistically significant differences in the incidence of 
these complications between the two groups. Theoretically, 
most MPCNL technology is tubeless or use smaller neph‑
rostomy tubes, which increased the incidence rate of urinary 
leakage. However, this was not proven to be the case in the 

Figure 11. Forest plots of postoperative complications. (A) Urinary perforation. (B) Urinary leakage. (C) Delayed hemorrhage. Black diamonds indicate study 
weight. Blue squares indicate overall result. Horizontal lines indicate the 95% confidence interval. CI, confidence interval; df, degrees of freedom; M‑H, 
Mantel‑Haenszel; Random, random effects model; SD, standard deviation; PCNL, percutaneous nephrolithotomy; MCPNL, minimally invasive PCNL.
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Figure 12. Forest plot of complications based on Clavien‑Dindo grade system. Black diamonds indicate study weight. Blue squares indicate overall result. 
Horizontal lines indicate the 95% confidence interval. CI, confidence interval; df, degrees of freedom; M‑H, Mantel‑Haenszel; Random, random effects model; 
SD, standard deviation; PCNL, percutaneous nephrolithotomy; MCPNL, minimally invasive PCNL.

Table III. Sensitivity analysis results.

	 Sample size (n)	 Heterogeneity (total)
	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Outcome	 No. of studies	 MPCNL	 PCNL	 χ2	 df	 I2 %	 P‑value	 MD or RR (95% CI)	 P‑value (total)

Overall SFR	 7	 583	 564	 8.82	 6	 32	 0.18	 1.02 (0.96, 1.08)	 0.55
Operation time	 7	 583	 564	 159.31	 6	 96	 <0.00001	 5.73 (‑3.86, 15.31)	 0.24
Hemoglobin drop	 4	 190	 181	 129.57	 3	 98	 <0.00001	 ‑0.87 (‑1.73, ‑0.01)	 0.05
Hospital stay	 4	 162	 156	 75.97	 3	 96	 <0.00001	 ‑0.51 (‑1.67, 0.64)	 0.39
Postoperative VAS	 2	 110	 110	 59.95	 1	 98	 <0.00001	 ‑0.75 (‑2.02, 0.52)	 0.25 

CI, confidence interval; MD, mean difference; RR, risk ratio; SFR, stone‑free rate; PCNL, percutaneous nephrolithotomy; MCPNL, minimally 
invasive PCNL; VAS, visual analogue scale; df, degree of freedom.

Figure 13. Funnel plot of the overall stone‑free rate for publication bias. OR, odds ratio; SE, standard error.
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meta‑analysis. Furthermore, a subgroup meta‑analysis of 
postoperative complications was performed, grouping patients 
into grades  I, II  and  III according to the Clavien‑Dindo 
Classification (32). Although there were no significant differ‑
ences in the Clavien‑Dindo Classification complications with 
grades I, II and III between the two groups, the incidence of 
Clavien‑Dindo grade II complications in the PCNL group were 
higher compared with the MPCNL group. From the articles 
that were included, the Clavien‑Dindo grade II complications 
included pyrexia, blood transfusion, nephrostomy drainage and 
urinary retention. MPCNL may be safer for moderate to severe 
disease after surgery and the incidence of mild complications 
is similar between MPCNL and PCNL, showing that MPCNL 
has more advantages in postoperative management and may be 
a good choice for patients with poor basic conditions.

The main risk of standard PCNL surgery is bleeding, which 
may require blood transfusions and increase the risk of kidney 
damage (21). The important factors correlated with hemorrhage 
during PCNL are the larger sheath tract access, prolonged 
operative time, greater stone burden and multiple chan‑
nels (56,57). Hemorrhage is generally associated with the initial 
puncture and injury of renal blood vessels and the surrounding 
organs (27). A larger tract during PCNL may increase the risk 
of injury to major blood vessels and may make it more difficult 
to recover from puncture injury (10). Therefore, it seems that 
MPCNL with a smaller percutaneous channel has the potential 
advantage of reducing the risk of bleeding and trauma to the 
renal parenchyma. In the meta‑analysis, previously published 
results confirmed the reduction in blood loss associated with 
MPCNL. In accordance with the lower blood loss in the 
MPCNL group, the rate of bleeding necessitating transfusion in 
the MPCNL group was significantly lower compared with the 
PCNL group. It is worth mentioning that delayed hemorrhage is 
one of the most important events requiring careful observation 
and management after PCNL (58). The result showed that no 
significant difference between MPCNL and PCNL based on 
the only two available studies. However, a conclusion cannot 
be reached owing to the limited number of RCTs. Accordingly, 
more studies are needed to obtain more reliable outcomes.

Theoretically, a smaller tract diameter is less invasive, 
which is related to a shorter hospital stay and a faster return to 
normal daily activities This finding was in line with both the 
previous studies and the present analysis. The results showed 
a statistically significant reduction (0.8 day shorter) in hospital 
stay in the MPCNL group compared with the PCNL group. 
Smaller tract access caused less trauma and pain. A previous 
study found that tubeless procedures were associated with the 
least postoperative pain and directly impacted the length of 
stay (22). However, the present results showed that no signifi‑
cant difference in the VAS was found between the groups. 
Giusti et al (13) showed no statistically significant differences 
in the VAS between PCNL and MPCNL. However, the VAS 
score in the tubeless PCNL group was lower compared with 
the PCNL group. It was hypothesized that pain may be associ‑
ated with the presence of renal fistula drainage tubes and not 
the size of the tract. Several articles that were included did not 
indicate whether tubeless PCNL was used; this factor also has 
an impact on pain, which may lead to conclusion bias.

Although there have been similar studies in the past, 
these studies included fewer trials  (40,59). The present 

meta‑analysis, which was performed using currently avail‑
able comparative trials, has several limitations. A total of 
five prospective cohort studies were eventually included 
in the analysis and the included RCTs did not describe the 
blinding procedures clearly and in detail, which might lead to 
conclusion bias. Although a sensitivity or subgroup analysis 
was performed to show that the results were relatively stable, 
there is still some bias in the present conclusions caused by 
non‑RCTs. Additionally, the heterogeneity among these trials 
was found to be high in terms of several parameters. The 
heterogeneity in these parameters can be explained by the 
difference in outcome definitions, measurement and standards, 
such as for the residual stone fragments and postoperative 
VAS. Furthermore, the calculus size, calculus location and 
surgical equipment varied in each evaluated study. Besides, 
there were no uniform inclusion criteria in the included 
studies. The results should be interpreted with caution due 
to a mixed group of patients. In addition, the availability of 
technical equipment and surgical experience also plays a 
critical role in evaluating the effectiveness of both techniques 
and could not be assessed in the present review. However, the 
present study provided the most updated information about 
the comparison of MPCNL and PCNL for the treatment of 
renal stones. Finally, only a small number of studies were 
identified through the systematic review of the literature and 
were then enrolled in the meta‑analysis. More high‑quality 
RCTs are needed to further evaluate the effectiveness and 
safety of these two surgical techniques.

To conclude, the meta‑analysis indicated that MPCNL is 
an effective method for treating renal stones. Compared with 
PCNL, it not only had similar high cure rates, but also was 
associated with significantly less bleeding and a lower transfu‑
sion rate. However, further larger, well‑designed prospective 
RCTs with a larger patient series are required to confirm this 
conclusion.
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