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Abstract
Purpose  To evaluate the efficacy and safety of ultrasound-guided (UG) versus fluoroscopy-guided (FG) percutaneous neph-
rolithotomy (PCNL).
Methods  A systematic search of PubMed (MEDLINE), Embase, and the Cochrane Library was conducted to identify ran-
domized controlled trials that compared UG-PCNL with FG-PCNL, and a meta-analysis of those studies was completed. 
The primary outcomes assessed were stone-free rate (SFR) and complication rate. Secondary outcomes assessed were the 
successful access-creation rate, time necessary for entrance into the target calyx, auxiliary procedure rate, transfusion rate, 
hemoglobin decrease after surgery, surgery duration, and hospital stay.
Results  Eight studies comprising 966 patients were included in the meta-analysis. Compared with FG-PCNL, UG-PCNL 
had comparable stone-free rates [odds ratio (OR) 0.95; 95% confidence interval (CI) 0.67–1.35; p = 0.79] irrespective of 
the patient’s position, and a favorable safety profile resulting in a lower complication rate (OR 0.56; 95% CI 0.36–0.86; 
p = 0.009). No statistical difference was found between UG and FG groups in secondary outcomes.
Conclusions  UG-PCNL is as effective as FG-PCNL and has the advantage of lower complication rates. In addition, UG-
PCNL could be performed with patients in the supine position without compromising its efficacy.

Keywords  Fluoroscopy · Ultrasonography · Nephrolithotomy · Percutaneous · Urinary calculi · Meta-analysis

Introduction

Nephrolithiasis is one of the most common of all urological 
conditions, and recent studies have demonstrated an increas-
ing prevalence of the disease over the last several decades 
[1]. The current widely accepted management options for 
most patients with staghorn stones and large renal stones 
(i.e., > 20 mm) is percutaneous nephrolithotomy (PCNL) [2, 
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3], and creating exact access to the renal collecting system 
is an essential step for success of PCNL [4]. This step can 
be performed using different imaging modalities, includ-
ing fluoroscopy, ultrasound, or a combination of both, or 
by applying new technologies, such as robotics, augmented 
reality, and electromagnetic navigation [5]. Fluoroscopy-
guided PCNL (FG-PCNL) with the patient in the prone posi-
tion has been the preferred and well-established modality for 
localizing renal stones and creating percutaneous access [6] 
however, fluoroscopy is associated with exposure to radia-
tion and could pose a health risk to both the patients and 
staff [7]. Moreover, the prone position is not ideal for obese 
patients or those with cardiopulmonary disorders or skeletal 
deformities [8, 9]. Thus, ultrasound-guided (UG)-PCNL was 
introduced with the aim of lowering radiological hazards 
while enabling real-time guidance. In addition, it has proved 
to be safe for pregnant women, is less costly [10–12], and 
can be performed with patients in positions other than prone, 
such as supine or flank, for less risk during anesthesia [13]. 
For these reasons, clinicians are highly interested in compar-
ing the outcomes between UG-PCNL and FG-PCNL with 
patients in different positions.

Although several meta-analyses have compared the effi-
cacy and safety between UG-PCNL and FG-PCNL, those 
studies contained only five randomized trials [14, 15]. In 
addition, the studies did not compare the two image modal-
ities with patients in different positions and provided no 
data on the auxiliary procedure rate or complication rate. 
Several other relevant randomized studies comparing UG-
PCNL and FG-PCNL have recently been published [10, 16, 
17] therefore, we conducted this meta-analysis to system-
atically describe the newest available data on adults who 
had either UG-PCNL or FG-PCNL. This study is the first 
to compare these two image modalities with the patients in 
various positions.

Materials and methods

Our systematic review and meta-analysis were conducted in 
accordance with the Preferred Reporting Items for System-
atic Reviews and Meta-analyses (PRISMA) guidelines [18].

Search strategy and study selection

The PubMed, Embase, and Cochrane databases were elec-
tronically searched for relevant studies published up to 
December 2017. The following search string was used: 
(ultrasound OR ultrasound-guided OR ultrasonographic) 
AND (fluoroscopy OR fluoroscopic) AND (percutaneous 
nephrolithotomy OR PCNL). Articles were selected accord-
ing to the PRISMA criteria for search strategies (http://www.
prism​a-state​ment.org). The cited references from the articles 

retrieved in the search were also assessed to find more sig-
nificant papers, and no language restriction was applied. Two 
weeks before submission, we conducted the search again to 
determine whether any new relevant trials had been pub-
lished. The inclusion criteria were as follows: (1) patients 
with renal calculi or proximal ureteral calculi; (2) a compari-
son of UG-PCNL with FG-PCNL; (3) reporting of at least 
one of the following outcomes: surgery duration, stone-free 
rate (SFR), drop in hemoglobin (Hb) after surgery, hospitali-
zation time, and complications; (4) a randomized controlled 
trial (RCT); and (5) details on the patient’s position for crea-
tion of percutaneous access. The exclusion criteria were as 
follows: (1) conference abstracts that were not deemed to be 
methodologically appropriate, (2) non-randomized studies, 
and (3) review studies.

Data extraction and study quality assessment

Two reviewers (YY and CC) independently assessed whether 
the studies met the inclusion criteria and then extracted the 
data from the selected studies. Any discrepancies were docu-
mented, discussed, and resolved by consensus. The infor-
mation compiled comprised the name of the first author, 
publication year, study period, design, number of patients 
in the two imaging modality groups, and patient demo-
graphics. In addition, patient position for access creation, 
stone burden, stone location, SFR, drop in Hb after surgery, 
transfusion rate, surgery duration, hospital stay, time spent 
to enter the target calyx, complication rate, and auxiliary 
procedure rate were recorded. To assess the methodologi-
cal quality of the included studies, we used the risk-of-bias 
(ROB) method recommended by The Cochrane Collabora-
tion [19]. Domains comprising the adequacy of randomiza-
tion, allocation concealment, patient and outcome assessor 
blinding, selective outcome reporting, incomplete outcome 
data, and freedom from other biases were assessed.

Outcomes

SFR was the primary efficacy outcome considered in the 
studies. SFR was defined as fragments of < 4 mm or no 
residual stone and was measured immediately after treat-
ment. The complication rate was the primary safety out-
come. The transfusion rate, hospital stay, drop in Hb after 
surgery, time spent to enter the target calyx, auxiliary proce-
dure rate, and successful access-creation rate were assessed 
as secondary outcomes.

Statistical analyses

Efficacy and safety comparisons between UG-PCNL and 
FG-PCNL were conducted by calculating the mean differ-
ence (MD) for continuous outcomes and the odds ratios 
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(ORs) with a 95% confidence interval (CI) for dichoto-
mous outcomes. Random effects models were applied to 
pool the data. Statistical heterogeneity among the studies 
was assessed using the Chi-square test with significance 
set at p < 0.10, and heterogeneity was quantified using the 
I2 statistic. We performed our meta-analysis with Review 
Manager v 5.3. Copenhagen: The Nordic Cochrane Cen-
tre, The Cochrane Collaboration, 2014. The results of the 
meta-analysis are presented as forest graphs. In addition, a 
subgroup analysis was performed by pooling available esti-
mates of different patient positions related to surgical access 
across trials.

Results

Studies identified in the literature search

Eight randomized clinical trials were identified that com-
pared UG-PCNL with FG-PCNL in the meta-analysis [10, 
16, 17, 20–24] (Fig. 1).

Study characteristics and quality evaluation

The characteristics of the eight studies and their patients are 
presented in Table 1. Among the studies of 966 patients, 481 
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Fig. 1   Study flow chart outlining the systematic search strategy and study selection process
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Table 1   Characteristics of the included studies

N/A not available, UG ultrasound-guided, FG fluoroscopy-guided, BMI body-mass index, PCNL percutaneous nephrolithotomy
a Stone burden expressed as a volume (mm2)
b Multiple or staghorn stones

First author 
(year of pub-
lication)

Inclusion criteria Cases (UG/
FG)

Age (mean)/
(UG/FG) 
(years)

Sex
Male (n) 
(UG/
FG)

BMI, kg/m2 
(mean) (UG/
FG)

Stone burden 
(mean) (UG/FG)

Multiple 
stones (UG/
FG)

PCNL tech-
nique (UG/FG)

Agarwal 
2011 [22]

Normal renal 
function; 
absence of 
congenital 
abnormalities

112/112 31/35 N/A – 280a/230 mm2 N/A Prone/prone

Basiri2008 
[20]

Renal or upper 
ureteral stones 
and no abnor-
malities of the 
upper urinary 
tract

50/50 40.7/41.6 34/31 25/24.6 24/27 mm 0/0 Flank/flank

Basiri 2013 
[23]

Kidney 
stones > 2 cm; 
proximal 
ureteral 
stones > 1.5 cm; 
stones refractory 
to extracorpor-
eal shockwave 
lithotripsy; 
stones with 
at least mild 
hydronephrosis

43/46 45.7/44.8 30/31 25.29/24.86 N/A 13/20 Supine/prone

Falahatkar 
2016 [10]

Single large pelvic 
stone, lower 
caliceal stone, 
stones in the 
pelvis and lower 
calyx, middle 
caliceal stones, 
and non-opaque 
stones (staghorn 
stones) with 
hydronephrosis

26/25 48.41/51.17 17/15 28.14/26.31 26.48/30.44 mm N/A Supine/supine

Jagtap 2014 
[24]

<3 cm renal 
calculi undergo-
ing single-tract 
PCNL

32/32 40.7/44.5 25/20 N/A 21/22 mm 3/2 Prone/prone

Karami 2010 
[21]

Pelvic or caliceal 
stones > 2.5 cm 
in diameter

30/30 40.9/39.4 18/19 27.8/26 28.7/27.4 mm 0/0 Flank/prone

Sun 2017 
[17]

>2 cm kidney 
stones with 
hydronephrosis

43/43 42.9/45.1 29/32 24.2/24.5 29.4/30.1 mm N/A Supine/supine

Zhu 2017 
[16]

Normal renal 
function; 
absence of 
congenital 
abnormalities

kidney stones 
diameter 
of > 2 cm

145/147 49.9)/49.6 86/77 23.7/23.5 838.3a 
(± 578.1)/834.8 
(± 730.1) (mm2)

130b/124 Prone/prone
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(49.8%) patients had undergone UG-PCNL and 485 (50.2%) 
had undergone FG-PCNL. There were no differences 
between UG-PCNL and FG-PCNL populations in mean 
ages (42.3 vs. 41.7 years, respectively, p = 0.59), body mass 
index (BMI; 24.8 vs. 24.4 kg/m2, respectively, p = 0.59), or 
stone sizes (24.8 and 26.5 mm, respectively, p = 0.52). Six 
trials comprised only patients with renal stones [10, 16, 17, 
21, 22, 24], and two trials also enrolled patients with upper 
ureteral stones [20, 23]. Data on stone location within the 
urinary tract were reported in six trials and are summarized 
in Table 2. All trials excluded cases with congenital urinary 
tract anomalies. The PCNL sheath size as reported in the 
eight studies was 28–30 F, with the exception of Zhu et al. 
(18 F). The sheath size, medical specialty and experience of 
PCNL performers, and other detailed PCNL techniques are 
summarized in Table 3. UG-PCNL was performed in the 
prone position in three studies, in the supine position in three 
studies, and in the flank position in two studies (Table 1). 
The final results of quality using the ROB tool are shown in 

Supplement 1, and the potential bias of included RCTs are 
categorized into high risk, low risk, and unclear.

Stone‑free rate

Among the 966 patients, 799 patients (seven trials) were 
included in the SFR comparison [10, 16, 17, 21–24]. Fig-
ure 2 shows SFRs among the trials from which a random 
effects analysis yielded an OR of 0.95 (95% CI 0.67–1.35; 
p = 0.79; I2 = 0%) for UG-PCNL versus FG-PCNL. The 
pooled results indicated no statistically significant differ-
ence between the two groups. A summary of the definition, 
technique, and timing of SFR assessment is provided in 
Supplement 2. Allowances for SFR assessment were made 
for three studies. In two of the trials, the outcome was 
measured 1 day after surgery rather than immediately after 
surgery [16, 24] and was measured 1 month after surgery 
in the third trial [17].

In the subgroup analysis of patient position, the FG-
PCNL group had a higher SFR with patients in the 
prone position (OR 0.74, 95% CI 0.47–1.14; p = 0.20; 

Table 2   Stone size, multiplicity, renal location, and degree of hydronephrosis

N/A not available, UG ultrasound-guided, FG fluoroscopy-guided

First author (year of publica-
tion)

Multiple stones, n 
(UG/FG)

Location, n (UG/FG) Side, n
Left (UG/FG)

Degree of hydronephrosis 
(UG/FG)

Agarwal 2011 [22] N/A N/A N/A N/A
Basiri 2008 [20] 0/0 Inferior: 40/40

Middle: 7/9
Superior: 3/1

N/A Mild: 14/16
Moderate: 20/21
Severe: 16/13

Basiri 2013 [23] 13/20 Renal pelvis: 16/15
Inferior calyx: 10/8
Middle calyx: 4/3
Renal pelvis + inferior calyx: 7/10
Renal pelvis + middle calyx: 1/8
Middle and inferior calices: 5/2

N/A N/A

Falahatkar 2016 [10] N/A N/A 10/8 N/A
Jagtap 2014 [24] N/A Superior calix: 3/2

Middle calix: 3/7
Inferior calix: 10/10
Renal pelvis: 13/11

19/12 None: 6/5
Mild: 13/15
Moderate: 11/10
Severe: 2/2

Karami 2010 [21] 0/0 Superior calix: 3/2
Middle calix: 7/7
Inferior calix: 14/17
Renal pelvis: 6/4

8/14 Mild: 12/14
Moderate: 16/11
Severe: 2/5

Sun 2017 [17] N/A Renal pelvis: 15/17
Inferior calyx: 11/10
Middle calyx: 5/4
Renal pelvis + inferior calyx: 7/6
Renal pelvis + middle calyx: 1/3
Middle and inferior calices:4/3

12/16 N/A

Zhu 2017 [16] 130/124 Superior calyx: 44/46
Middle calyx: 92/74
Inferior calyx: 26/59

74/76 None or mild: 87/94
Moderate or severe: 60/51
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I2 = 0%), whereas the UG-PCNL group had a higher 
SFR with patients in the supine position (OR 1.51, 95% 
CI 0.84–2.74; p = 0.17; I2 = 0%). Heterogeneity assessed 
using I2 statistics remained at zero after the subgroup 
analysis; however, no significant difference was detected 
between the UG-PCNL and FG-PCNL groups. In the 

analysis of the flank position subgroup, no significant dif-
ferences were observed in SFR between the two groups 
(OR 0.72; 95% CI 0.15–3.54; p = 0.69).

Complication rate

Complications of treatment were reported in all eight 
studies [10, 16, 17, 20–24]. A meta-analysis of the eight 

Study or Subgroup
18.1.1 prone position 
Agarwal,2011 
jagtap2014 
Zhu 2017 
Subtotal (95% CI)
Total events 
Heterogeneity: Tau² = 0.00; Chi² = 0.09, df = 2 (P = 0.95); I² = 0% 
Test for overall effect: Z = 1.29 (P = 0.20) 
18.1.2 supine
Basiri2013 
Falahakta2016
Sun 2017
Subtotal (95% CI)
Total events 
Heterogeneity: Tau² = 0.00; Chi² = 0.01, df = 2 (P = 1.00); I² = 0% 
Test for overall effect: Z = 1.37 (P = 0.17) 
18.1.3 flank position 
Karami2010 
Subtotal (95% CI)
Total events 
Heterogeneity: Not applicable 
Test for overall effect: Z = 0.40 (P = 0.69) 
Total (95% CI)
Total events 
Heterogeneity: Tau² = 0.00; Chi² = 3.74, df = 6 (P = 0.71); I² = 0% 
Test for overall effect: Z = 0.26 (P = 0.79) 
Test for subgroup differences: Chi² = 3.64, df = 2 (P = 0.16), I² = 45.1% 

Events 
112 

32
81

223 

34
20
34

88

26

26

337 

Total 
112
32

147
291 

46
26
43

115 

30
30

436 

Events 
112 

32 
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233 
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17 
31 
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27 
27 

338 

Total 
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145
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46
25
43

114 
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Weight

1.6%
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56.2% 
59.3%

15.3% 
8.0%

12.5% 
35.8%
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100.0%

M-H, Random, 95% CI 
1.00 [0.06, 16.19]
1.00 [0.06, 16.71]

0.73 [0.46, 1.16]
0.74 [0.47, 1.17] 

1.51 [0.62, 3.70]
1.57 [0.45, 5.42]
1.46 [0.54, 3.94]
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Fig. 2   Forest plot and meta-analysis of stone free rate in ultrasound-guided verses fluoroscopy-guided PCNL

Fig. 3   Forest plot and meta-analysis of complication rate in ultrasound-guided verses fluoroscopy-guided PCNL
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studies showed that UG-PCNL had a statistically lower 
complication rate (OR 0.56; 95% CI 0.36–0.86; p = 0.009; 
I2 = 0%) than FG-PCNL (Fig. 3); however, the results of a 
study by Zhu et al. [16] were the only ones that reported 
significantly lower complication rates in the UG-PCNL 
group than in the FG-PCNL group [16]. None of the 
remaining seven studies showed any significant difference 
in complications.

Complication rate according to Clavien–Dindo score 
and types

Three studies classified complications according to Cla-
vien–Dindo score [10, 16, 24], and we classified the 
reported complications of the other five studies [17, 
20–23] according to de la Rosette et al. [25]. (Supplement 
3). In the pooled analysis, the UG-PCNL group had sig-
nificantly lower complication rates (Clavien grades I–II) 
than the FG-PCNL group (OR 0.57; 95% CI 0.34–0.96; 
p = 0.03; I2 = 6%). No statistical difference was found 
when analyzing Clavien grade III (OR 0.82; 95% CI 
0.22–3.12; p = 0.79; I2 = 0%) and grade IV (OR 0.36; 95% 
CI 0.10–1.40; p = 0.77; I2 = 0%) complications between 
the two groups (Supplement 4). No statistical difference 
was found in patient fever (OR 0.49; 95% CI 0.24–1.02; 
p = 0.06; I2 = 0%), intraoperative bleeding (OR 0.70; 95% 
CI 0.32–1.53; p = 0.37; I2 = 0%), or renal pelvis perforation 
(OR 1.05; 95% CI 0.15–7.40; p = 0.37; I2 = 0%) between 
the two groups (Supplement 4). Basiri et al. [23] and Jag-
tap et al. [24] reported that there were four patients with 
renal pelvic disruption, two in each group. No pleural or 
visceral injuries were reported from any study (Supple-
ment 3).

Success rate for access creation

Six studies reported the success rate for access creation 
[10, 16, 20, 23, 24]. The pooled analysis showed no sig-
nificant difference between the two groups (OR 0.67 95% 
CI 0.25–1.77; p = 0.41; I2 = 12%; Fig. 4a).

Time necessary for entrance into the target calyx

Six studies assessed the time necessary in seconds for 
entrance into the target calyx [10, 16, 20–22, 24]. The 
pooled results revealed no significant difference between 
the two groups (MD 10.10; 95% CI −61.79 to 81.99; 
p = 0.78; I2 = 98%; Fig. 4b).

Surgery duration

Four studies assessed surgery duration in minutes [10, 16, 
20, 21, 23, 24]. The pooled results revealed no signifi-
cant difference between the two groups (MD 2.62; 95% CI 
−4.64 to 9.89; p = 0.48; I2 = 12%; Fig. 4c).

Hospital stay

Four studies assessed the length of hospital stay in hours 
[10, 16, 17, 21, 24]. The pooled results indicated no sig-
nificant difference between the two groups (MD −1.82; 
95% CI −6.94 to 3.29; p = 0.48; I2 = 32%; Fig. 4d).

Transfusion rate

Three studies reported the transfusion rate [10, 16, 24]. One 
patient in 205 in the UG-PCNL group and 5 patients in 202 
in the FG-PCNL group received a blood transfusion after 
surgery. The pooled results indicated no significant differ-
ence in transfusion rates between the two groups (OR 0.26; 
95% CI 0.04–1.60; p = 0.15; I2 = 0%; Fig. 4e).

Drop in hemoglobin after surgery

Four studies assessed the drop in Hb level (g/dL) after sur-
gery [10, 16, 21, 24]. The pooled results showed no signifi-
cant difference in Hb decreases between the two groups (MD 
−0.08; 95% CI −0.20 to 0.03; p = 0.16; I2 = 0%; Fig. 4f).

Auxiliary‑procedure rate

Two studies reported the auxiliary-procedure rate [16, 24]. 
The pooled results showed no significant difference between 
the two groups (OR 1.22; 95% CI 0.69–2.16; p = 0.50; 
Fig. 4g).

Discussion

To the best of our knowledge, this is the first meta-analysis 
of RCTs to demonstrate a comparison of the efficacy and 
safety of UG-PCNL and FG-PCNL with patients in different 
positions. This meta-analysis demonstrated that UG-PCNL 
had a comparable efficacy in SFR and a favorable safety 
profile with a significantly lower complication rate than 
FG-PCNL. Furthermore, an analysis of the patient position 
subgroup demonstrated that UG-PCNL could be performed 
with patients in the supine position without compromising 
its efficacy.
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Fig. 4   Other comparison between ultrasound and fluoroscopy-guided PCNL
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Findings within the context of existing studies

Fluoroscopy has been the standard image modality for 
PCNL with a high SFR. Our results showed that SFR of 
UG-PCNL is as high as that of FG-PCNL and that the aver-
age SFRs of the two groups are nearly identical (77.3% for 
UG-PCNL and 78% for FG-PCNL). In previous studies, Yan 
et al. [26] studied UG-PCNL on 700 patients and achieved 
a 91.6% SFR 4 weeks after surgery in patients with a sin-
gle stone and 82.9% in patients with staghorn or multiple 
stones. Another comparative study reported that UG-PCNL 
has a significantly higher SFR (66.7%) than FG-PCNL 
(43.7%) [12]. These results supported our finding that UG-
PCNL is as effective as or better than FG-PCNL in stone 
clearance; however, in the included studies, only Zhu et al. 
[16]. reported SFR according to different stone sizes and 
complexity. In that study, UG-PCNL SFR was comparable 
with that of FG-PCNL when treating simple kidney stones 
(S.T.O.N.E. scores of 5–6), but FG-PCNL was more effec-
tive when stone complexity was higher (S.T.O.N.E. scores 
of 7–8) (69.8% for UG-PCNL and 89.4% for FG-PCNL, 
p = 0.004) [16]. Thus, additional studies are necessary to 
investigate the impact of stone complexity on UG-PCNL.

With respect to safety, our results indicated that UG-
PCNL had lower complication rates than FG-PCNL. In pre-
vious studies, Wang et al. [15]. indicated that UG-PCNL 
was associated with fewer intraoperative complication. Ng 
et al. [12] and Lojanapiwat et al. [27] also demonstrated that 
UG-PCNL was associated with reduced risks of inadvertent 
organ injuries; therefore, it is reasonable that the difference 
in complication rates resulted mainly from the ability of 

ultrasound to provide information on surrounding viscera 
and the depth of puncture needle penetration and to provide 
distinguishing images to identify the area posterior to the 
anterior calyces [27].

Among the eight studies included in the meta-analysis, 
only Zhu et al. [16] showed significantly lower complica-
tions when comparing UG-PCNL and FG-PCNL. This 
finding could be explained by the use of different instru-
ment sizes in that study. In Zhu et al. [16], with minimally 
invasive PCNL (mini-PCNL), a smaller percutaneous tract 
was established using a miniature endoscope (11–20 F). The 
technique was first described by Jackman et al. [28] with an 
11-F endoscope on adults. Since then, several studies have 
investigated the efficacy and safety of this new technique and 
reported that mini-PCNL was associated with less bleed-
ing and postoperative pain [29]. In addition, comparable 
SFRs and lower complication rates than those of standard 
PCNL were also reported [30]. The safety outcome of our 
study might, in part, be attributed to the advantages of mini-
PCNL; therefore, we should regard a miniature size of the 
sheath as another important variance within the UG-PCNL 
group.

Our study indicated that the position of the patient with 
regard to access of the surgery site is an essential fac-
tor in PCNL outcomes. In previous clinical studies, there 
was no consensus on the best patient position. Yuan et al. 
[31] reported that PCNL with the patient in the supine 
position was associated with a lower rate of stone clear-
ance than PCNL with patients in the prone position in FG-
PCNL, and Falahatkar et al. [9] reported that PCNL with 
patients in the supine position has a SFR similar to PCNL 

Fig. 4   (continued)
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with patients in the prone position. In our current meta-
analysis, a subgroup analysis stratified by access position 
was performed and revealed that supine UG-PCNL had a 
higher SFR and significantly lower complication rate than 
supine FG-PCNL. Although differences in SFR were not 
statistically significant, which could be attributed to the 
small number of trials, these results imply that if a patient 
is a suitable case for performing supine PCNL, such as 
those with cardiovascular disease or spinal deformities 
[13], UG-PCNL might be a better choice than FG-PCNL. 
Our findings were supported by Manhor et al. [32] who 
conducted studies on supine UG-PCNL performed on 
62 patients and demonstrated 95% SFR without visceral 
injury in 50 patients with morbid obesity or cardiopul-
monary disease; however, further RCTs are necessary to 
better assess the real importance of patient position when 
performing UG-PCNL.

Limitations

This study had some limitations. First, there were several 
main factors, such as different stone complexity, periopera-
tive degree of hydronephrosis, and overall BMI of patients, 
that were reported to have potential impacts on PCNL sur-
gery, which consequently affected the outcomes of our study; 
however, because of a deficiency in eligible data, we could 
not conduct a subgroup analysis on these main factors. Sec-
ond, heterogeneity among the studies was high for duration 
of access, which could be explained by the variability in the 
definitions of duration of access and the expertise of the end 
urologist. In addition, discrepancies in the assessment and 
definitions of SFR could also have affected the outcomes of 
our study. Limited to extractable data, further large-scale and 
well-designed clinical studies should be conducted to further 
explore the influence of these factors on PCNL surgery.

Conclusions

The results of our systematic review and meta-analysis sug-
gest that UG-PCNL is an alternative to FG-PCNL with com-
parable efficacy and has the advantages of lower complica-
tion rates and less radiation risk for patient with urinary tract 
calculi. In addition, UG-PCNL could be performed with 
the patients in the supine position without compromising 
its efficacy.

Acknowledgements  The authors would like to thank the Department 
of Medical Education in Wanfang Hospital for facilitating the research 
and Enago (http://www.enago​.tw) for the English language review.

Author contributions  YHY and CC: literature search and the data 
extraction. YHY: protocol/project development, data, management, and 
manuscript writing. CC: protocol/project development, data analysis, 
and manuscript writing. YCW: protocol/project development and data 
analysis. KCC: protocol/project development and data analysis.

Compliance with ethical standards 

Conflict of interest  The authors declare that they have no conflict of 
interest.

Ethical approval  This article does not contain any studies using human 
participants or animals conducted by any of the authors.

Informed consent  This article does not contain any studies using 
human participants.

References

	 1.	 Ziemba JB, Matlaga BR (2017) Epidemiology and economics of 
nephrolithiasis. Investig Clin Urol 58(5):299–306

	 2.	 Assimos D et al (2016) Surgical management of stones: American 
Urological Association/Endourological Society Guideline. PART 
II. J Urol 196(4):1161–1169

	 3.	 Turk C et al (2016) EAU guidelines on interventional treatment 
for urolithiasis. Eur Urol 69(3):475–482

	 4.	 Ko R et al (2008) Percutaneous nephrolithotomy made easier: a 
practical guide, tips and tricks. BJU Int 101(5):535–539

	 5.	 Rassweiler J, Rassweiler MC, Klein J (2016) New technology in 
ureteroscopy and percutaneous nephrolithotomy. Curr Opin Urol 
26(1):95–106

	 6.	 Ahmad AA et  al (2017) Current trends in percutaneous 
nephrolithotomy: an internet-based survey. Ther Adv Urol 
9(9–10):219–226

	 7.	 Galonnier F et  al (2016) Surgical staff radiation protection 
during fluoroscopy-guided urologic interventions. J Endourol 
30(6):638–643

	 8.	 Kwee MM, Ho YH, Rozen WM (2015) The prone position during 
surgery and its complications: a systematic review and evidence-
based guidelines. Int Surg 100(2):292–303

	 9.	 Falahatkar S, Mokhtari G, Teimoori M (2016) An update on 
supine versus prone percutaneous nephrolithotomy: a meta-anal-
ysis. Urol J 5:2814–2822

	10.	 Falahatkar S et al (2016) Complete supine PCNL: ultrasound vs. 
fluoroscopic guided: a randomized clinical trial. Int Braz J Urol 
42(4):710–716

	11.	 Hudnall M et al (2017) Ultrasound guidance reduces percuta-
neous nephrolithotomy cost compared to fluoroscopy. Urology 
103:52–58

	12.	 Ng FC et  al (2017) Ultrasound-guided percutaneous neph-
rolithotomy: advantages and limitations. Investig Clin Urol 
58(5):346–352

	13.	 Karaolides T et al (2012) Positions for percutaneous nephroli-
thotomy: thirty-five years of evolution. Arab J Urol 10(3):307–316

	14.	 Liu Q et al (2017) Fluoroscopy versus ultrasound for image guid-
ance during percutaneous nephrolithotomy: a systematic review 
and meta-analysis. Urolithiasis 45(5):481–487

	15.	 Wang K et al (2015) Ultrasonographic versus fluoroscopic access 
for percutaneous nephrolithotomy: a meta-analysis. Urol Int 
95(1):15–25

	16.	 Zhu W, Li J, Yuan J, Liu Y, Wan SP, Liu G, Chen W, Wu W, Luo 
J, Zhong D, Qi D, Lei M, Zhong W, Zhang Z, He Z, Zhao Z, Lu S, 

http://www.enago.tw


788	 World Journal of Urology (2019) 37:777–788

1 3

Wu Y, Zeng G (2017) A prospective and randomised trial compar-
ing fluoroscopic, total ultrasonographic, and combined guidance 
for renal access in mini-percutaneous nephrolithotomy. BJU Int 
119:612–618

	17.	 Sun W et al (2017) Ultrasound-guided percutaneous nephroli-
thotomy for the treatment in patients with kidney stones. Medicine 
96(51):e9232

	18.	 Moher D et al (2010) Preferred reporting items for systematic 
reviews and meta-analyses: the PRISMA statement. Int J Surg 
8(5):336–341

	19.	 Higgins JP et al (2011) The Cochrane Collaboration’s tool for 
assessing risk of bias in randomised trials. BMJ 343:d5928

	20.	 Basiri A et al (2008) Ultrasonographic versus fluoroscopic access 
for percutaneous nephrolithotomy: a randomized clinical trial. J 
Endourol 22(2):281–284

	21.	 Karami H, Rezaei A, Mohammadhosseini M, Javanmard B, 
Mazloomfard M, Lotfi B (2010) Ultrasonography-guided percu-
taneous nephrolithotomy in the flank position versus fluoroscopy-
guided percutaneous nephrolithotomy in the prone position: a 
comparative study. J Endourol 24:1357–1361

	22.	 Agarwal M, Agrawal MS, Jaiswal A, Kumar D, Yadav H, Lavania 
P (2011) Safety and efficacy of ultrasonography as an adjunct 
to fluoroscopy for renal access in percutaneous nephrolithotomy 
(PCNL). BJU Int 108(8):1346–1349

	23.	 Basiri A et al (2013) Supplementary X-ray for ultrasound-guided 
percutaneous nephrolithotomy in supine position versus standard 
technique: a randomized controlled trial. Urol Int 90(4):399–404

	24.	 Jagtap J et  al (2014) Which is the preferred modality of 
renal access for a trainee urologist: ultrasonography or 

fluoroscopy? Results of a prospective randomized trial. J Endourol 
28(12):1464–1469

	25.	 de la Rosette JJ et al (2012) Categorisation of complications and 
validation of the Clavien score for percutaneous nephrolithotomy. 
Eur Urol 62(2):246–255

	26.	 Yan S, Xiang F, Yongsheng S (2013) Percutaneous nephrolithot-
omy guided solely by ultrasonography: a 5-year study of > 700 
cases. BJU Int 112(7):965–971

	27.	 Lojanapiwa B (2013) The ideal puncture approach for PCNL: 
fluoroscopy, ultrasound or endoscopy? Indian J Urol 3:208–213

	28.	 Jackman SV, Docimo SG, Cadeddu JA, Bishoff JT, Kavoussi 
LR, Jarrett TW (1998) The “mini-perc” technique: a less inva-
sive alternative to percutaneous nephrolithotomy. World J Urol 
16:371–374

	29.	 Haghighi R, Zeraati H, Zade MG (2017) Ultra-mini-percutaneous 
nephrolithotomy (PCNL) versus standard PCNL: a randomised 
clinical trial. Arab J Urol 15(4):294–298

	30.	 Elmarakbi A et al (2017) Outcome of mini versus standard per-
cutaneous nephrolithotomy for renal stones. Eur Urol Suppl 
16(3):e962–e965

	31.	 Yuan D, Liu Y, Rao H, Cheng T, Sun Z, Wang Y, Liu J, Chen 
W, Zhong W, Zhu J (2016) Supine versus prone position in per-
cutaneous nephrolithotomy for kidney calculi: a meta-analysis. J 
Endourol 7:754–763

	32.	 Manohar T, Jain P, Desai M (2007) Supine percutaneous neph-
rolithotomy: effective approach to high-risk and morbidly obese 
patients. J Endourol 21(1):44–49


	Ultrasound-guided versus fluoroscopy-guided percutaneous nephrolithotomy: a systematic review and meta-analysis
	Abstract
	Purpose 
	Methods 
	Results 
	Conclusions 

	Introduction
	Materials and methods
	Search strategy and study selection
	Data extraction and study quality assessment
	Outcomes
	Statistical analyses

	Results
	Studies identified in the literature search
	Study characteristics and quality evaluation
	Stone-free rate
	Complication rate
	Complication rate according to Clavien–Dindo score and types
	Success rate for access creation
	Time necessary for entrance into the target calyx
	Surgery duration
	Hospital stay
	Transfusion rate
	Drop in hemoglobin after surgery
	Auxiliary-procedure rate

	Discussion
	Findings within the context of existing studies
	Limitations

	Conclusions
	Acknowledgements 
	References




