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Abstract

Objective

To compare the effectiveness and safety of regional anesthesia (RA) and general anesthe-

sia (GA) for percutaneous nephrolithotomy (PNL).

Patients and Methods

PubMed, EMBASE, The Cochrane Library, and the Web of Knowledge databases were

systematically searched to identify relevant studies. After literature screening and data ex-

traction, a meta-analysis was performed using the RevMan 5.3 software.

Results

Eight randomized controlled trials (RCTs) and six non-randomized controlled trials (nRCTs)

involving 2270 patients were included. Patients receiving RA were associated with shorter

operative time (−6.22 min; 95%CI, −9.70 to −2.75; p = 0.0005), lower visual analgesic score

on the first and third postoperative day (WMD, −2.62; 95%CI, −3.04 to −2.19; p < 0.00001

WMD, −0.38; 95%CI, −0.58 to −0.18; p = 0.0002), less analgesic requirements (WMD,

−59.40 mg; 95%CI, −78.39 to −40.40; p<0.00001), shorter hospitalization (WMD, −0.36d;

95%CI, −0.66 to −0.05; p = 0.02), less blood transfusion (RR, 0.61; 95%CI, 0.41 to 0.93; p =

0.02), fewer modified Clavion-Dindo Grade II (RR, 0.56; 95%CI, 0.37 to 0.83; p = 0.005),

Grade III or above postoperative complications (RR, 0.51; 95%CI, 0.33 to 0.77; p = 0.001),

and potential benefits of less fever (RR, 0.79; 95%CI, 0.61 to 1.02; p = 0.07), nausea or

vomiting (RR, 0.54; 95%CI, 0.20 to 1.46; p = 0.23), whereas more intraoperative hypoten-

sion (RR, 3.13; 95%CI, 1.76 to 5.59; p = 0.0001) when compared with patients receiving

GA. When nRCTs were excluded, most of the results were stable but the significant differ-

ences were no longer detectable in blood transfusion, Grade II and more severe complica-

tions. No significant difference in the total postoperative complications and stone-free rate

were found.
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Conclusions

Current evidence suggests that both RA and GA can provide safe and effective anesthesia

for PNL in carefully evaluated and selected patients. Each anesthesia technique has its

own advantages but some aspects still remain unclear and need to be explored in

future studies.

Introduction
Percutaneous nephrolithotomy (PNL) has become the main treatment for large or multiple
kidney stones, staghorn stones, and cases of failed shock wave lithotripsy. It also can be used to
treat smaller sized stones with miniaturized instruments [1, 2]. PNL is usually performed
under general anesthesia (GA) due to the better control of breathing and more comfort for the
patients; all contraindications for GA apply to PNL according to the EAU guidelines on uro-
lithiasis [1]. In the last two decades, several changes and modifications have taken place in an
attempt to further refine the procedure and lower the morbidity, analgesic requirements, and
duration of hospitalization. One of these changes has been the use of regional anesthesia (RA)
including spinal anesthesia (SA), epidural anesthesia (EA), and combined spinal epidural anes-
thesia (CSEA) in patients who are undergoing PNL [3]. Some advantages of RA over GA had
been shown in many surgeries [4–6], however, much of the effect of RA on PNL is still under
veil. Since 2008, several studies have been carried out to compare the efficacy and safety of RA
and GA [7–20]. As each type of anesthesia has some advantages and disadvantages and the re-
sults of such studies were not entirely consistent; a meta-analysis of the available evidence is
needed to find their superiorities for PNL by comparing the outcomes of PNL under RA with
those under GA. We hope the results would generate more interest in this topic and provide
some help for urologists, anesthesiologists, patients, and policymakers in making relevant deci-
sions in the future.

Materials and Methods

Literature search and study selection
A systematic literature search was performed using the PubMed, EMBASE, Web of Science da-
tabases, and The Cochrane Library to identify relevant studies following Cochrane standards
and PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) guide-
lines [21]. The search was performed on July 20th, 2014 and updated on March 14th, 2015.
The search was not limited by year or language. The initial search process was designed to find
all published original articles involving the terms ("percutaneous nephrolithotomy" or "percu-
taneous nephrolithotripsy" or "PCNL" or "PNL") and ("anesthesi�" or "anaesthesi�" or "narco�").
Two authors independently screened all the citations and abstracts provided by this search
strategy to identify potentially eligible studies. Only studies comparing RA and GA in PNL
were included for further screening. Conference abstracts were not included because they were
not deemed to be methodologically appropriate. Disagreements were resolved by discussion.

Study quality assessment
The level of evidence was rated for each included study according to the criteria provided by
the Oxford Center for Evidence-Based Medicine [22]. The methodological quality of the stud-
ies was assessed by two authors using the Newcastle-Ottawa Scale for nonrandomized
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controlled trials (nRCTs) and the Jadad scale for randomized controlled trials (RCTs) [23, 24].
Possible publication bias was assessed with funnel plots of the outcome comparisons.

Data extraction and processing
Two reviewers reviewed the full texts of the included studies. Data including article name, au-
thor, published date and journal, patient number, age, gender, body mass index, American So-
ciety of Anesthesiologists (ASA) physical status, stone burden, stone location, anesthesia
method and drugs, operative time, postoperative visual analgesic score (VAS), postoperative
analgesic use, duration of hospitalization, intra-and postoperative complications, stone-free
status, and follow-up method were extracted using a pre-designed data extraction form. The
VAS measured at 1 hour following PNL was taken as the score of first postoprative day (POD)
if it had been measured more than once within 24 hours after the operation. The reported post-
operative complications were classified according to the modified Clavien-Dindo grading sys-
tem [25]. To reduce the heterogeneity in analgesic requirements of different trials and make it
easier to describe and understand, the equianalgesic dose was estimated using a morphine to
tramadol equivalence ratio of 1:10 or a pethidine to tramadol equivalence ratio of 1:1 in studies
that used morphine or pethidine instead of tramadol to control postoperative pain [26, 27].
Any discrepancies between the extracted data were resolved by discussion.

Statistical analysis
Ameta-analysis was performed to compare the safety and efficacy of RA in PNL with GA
using Review Manager Software (RevMan v.5.3, Cochrane Collaboration, Oxford, UK). Di-
chotomous data were presented as relative risk (RR) and continuous outcomes were presented
as weighted mean difference (WMD), both with 95% confidence interval (CI). For studies pre-
senting continuous data as means and range, standard deviations were calculated using the
methodology described by Hozo and colleagues [28]. The chi-square test and I2 statistics were
used to evaluate the heterogeneity among studies. Moreover, the pooled estimates were calcu-
lated with the fixed-effect model if no significant heterogeneity was detected; otherwise, the
random-effect model was used. The pooled effects were determined by the z test. A p-value less
than 0.05 was considered statistically significant. Funnel plots were generated using RevMan
v.5.3. Additionally, a sensitivity analysis was performed by pooling only RCTs, if nRCTs were
included in the outcome comparison.

Results

Description of included studies and quality assessment
Fourteen studies were selected for the analysis, including 1095 patients who underwent PNL
under RA and 1175 under GA. Fig 1A shows the literature search and study selection process.
Table 1 presents the basic characteristics of each study included in our meta-analysis. The re-
ported patient baseline characteristics such as age, sex ratio, body mass index, ASA status,
stone burden, and location were comparable in each study according to the article. Some stud-
ies also reported other baseline characteristics that may have an effect on the outcomes we
studied: degrees of hydronephrosis [10, 17], the calyx punctured (lower/ middle/ upper) [9,
20], subcostal and supracostal punctures [8–10, 15, 18, 19], the punctured access number [12,
18, 19], whether a double J stent was inserted [9, 12, 19], and whether a nephrostomy tube after
the surgery was placed [9–12, 14–17, 19]. All these data were also comparable between the two
groups in those studies. Some literatures also presented the size of nephrotomy tube
[9,14,16,17] and nephroscope [9–11,16–19] which is same in the two groups, but the size of
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Fig 1. (A) Flowchart of the studies selection process. (B) Funnel plot of operative time.

doi:10.1371/journal.pone.0126587.g001
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Table 1. Characteristics andmethodological quality of included studies.

Study Year Study
design

Level of
evidence

Study
quality

Anesthesia
technique

Sample
size

Age
(year)
(M±SD)

Sex
(M/F)

BMI ASA score Stone area or
maximal
diameter

Elbealy [7] 2008 RCT Level 2 3/5 RA(EA) 19* 41±13 19/0 28.1 Ⅰ15 Ⅱ5 Ⅲ0 ND

GA 20 39±15 20/0 27.4 Ⅰ15 Ⅱ5 Ⅲ0 ND

Karacalar [8] 2009 RCT Level 2 3/5 RA(CSEA) 86 48.64
±16

45/41 27.6
±7.2

Ⅰ35 Ⅱ51 Ⅲ0 1137.78mm2

GA 90 48.32
±15

47/43 27.8
±6.2

Ⅰ37 Ⅱ53 Ⅲ0 598.4mm2

Singh [9] 2011 RCT Level 2 3/5 RA(CSEA) 32 40.06
±13.41

22/10 ND ND 2195.31±643mm2

GA 32 39.66
±13.7

18/14 ND ND 2271±620mm2

Tangpaitoon
[10]

2012 RCT Level 2 3/5 RA(EA) 24 53.04
±13.53

17/7 21.25
±3.21

Ⅰ10 Ⅱ13 Ⅲ1 40.8 ± 16.4mm

GA 26 56.69
±11.32

16/10 21.36
±3.98

Ⅰ7 Ⅱ18 Ⅲ1 35.4 ± 15.0mm

Mehrabi [11] 2013 RCT Level 2 3/5 RA(SA) 58 47.4±7.6 31/27 24.1
±7.2

all<Ⅲ 32.8 ± 9.6mm

GA 52 43.7±8.2 35/17 24.1
±5.6

all<Ⅲ 30.9 ± 10.6mm

Nouralizadeh
[12]

2013 RCT Level 2 3/5 RA(SA) 50 41.16
±11.2

29/21 ND ND 55.1±28.7mm

GA 50 42.66
±13.61

27/23 ND ND 55.6±29.5mm

Movasseghi
[13]

2014 RCT Level 2 3/5 RA(SA) 29 39.6±9.7 19/10 26.4
±3.8

Ⅰ23 Ⅱ6 Ⅲ0 ND

GA 30 46.9
±13.6

19/11 28.1
±4.6

Ⅰ22 Ⅱ8 Ⅲ0 ND

Moawad [14] 2015 RCT Level 2 2/5 RA(SA) 100 44±11 60/40 27.1
±4.1

Ⅰ65 Ⅱ35 Ⅲ0 31.9±7.4mm

GA 100 43±11 64/36 27.4
±2.1

Ⅰ69 Ⅱ31 Ⅲ0 33.7±6.3mm

Kuzgunbay
[15]

2009 CS Level 3 8/9 RA(CSEA) 37 44±15 24/13 ND ND 731±394mm2

GA 45 45±15 26/19 ND ND 734±386mm2

Kim [16] 2013 CS Level 3 9/9 RA(CSEA) 77 54.8
±12.2

47/30 25.1
±3.9

ND 34.5±24.0mm

GA 24 50.8
±17.8

14/10 23.3
±2.8

ND 42.3±36.1mm

Moslemi [17] 2013 CS Level 3 8/9 RA(SA/EA) 54 39 ND 25 ⅠandⅡ59 Ⅲ5 ND

GA 69 41 ND 26 ⅠandⅡ55**Ⅲ4 ND

Cicek [18] 2014 CS Level 3 8/9 RA(SA) 440 48.8
±14.03

283/
157

ND Ⅰ238Ⅱ169Ⅲ33 533.9±480.94mm2

GA 564 47.2
±13.83

344/
220

ND Ⅰ305Ⅱ218Ⅲ39 529.5±324.12mm2

Gonen [19] 2014 CS Level 3 9/9 RA(SA) 29 45.6
±13.6

18/8 ND ND 558.6±297.2mm2

GA 20 40.8
±12.9

13/7 ND ND 630.7±486.2mm2

Karatag [20] 2015 CS Level 3 7/9 RA(SA) 63 45.8
±14.6

ND 27.0
±4.9

ND 155.08±84.9mm2

(Continued)
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nephrotomy in one study [15] is various and they did not analyze the data for any difference
between the groups. Only the comparison of operative time included all the 14 studies, and the
funnel plot did not show obvious asymmetry, in other words, there may be no publication bias
(Fig 1B). The other 14 funnel plots are presented in S1 Fig Most of them seemed symmetrical
except for the funnel plots of postoperative analgesic demand (S1F Fig), nausea and vomiting
(S1H Fig), and Grade II postoperative complications (S1L Fig). It is inappropriate to assess
whether these funnel plots were truly symmetrical or not using statistical tests because they
should be used only when there are at least 10 studies included. If asymmetry does exist, the
former two’s asymmetry may be explained by heterogeneity, publication bias or chance. The
asymmetry of the last one may result from publication bias or chance [29].

Operative time
Meta-analysis of 14 studies by a random effects model demonstrated that the operative time of
RA group was 6.22 minutes shorter than that of the GA group (95%CI, −9.70 to −2.75;
p = 0.0005; Fig 2A).

Hospital stay
Meta-analysis of 10 studies in a total of 1865 patients showed that the RA group was discharged
0.36 d earlier than the GA group (95%CI, −0.66 to −0.05; p = 0.02; Fig 2B).

Stone-free status
Pooling the data from 10 studies that assessed the postoperative stone-free status revealed no
significant difference between the RA and GA groups (RR, 1.02; 95%CI, 0.98 to 1.06; p = 0.34;
Fig 2C)

VAS and analgesic requirement
Six studies assessed postoperative pain using VAS but two of them provided incomplete data.
The meta-analysis of available data showed that RA was associated with less pain on POD 1
(WMD, −2.62; 95%CI, −3.04 to −2.19; p<0.00001; Fig 2A) and POD 3 (WMD, −0.38; 95%CI,
−0.58 to −0.18; p = 0.0002; Fig 2A). However, we found a similar trend with no statistical sig-
nificance on POD 2 (WMD, −0.82; 95%CI, −2.06 to 0.42; p = 0.20; Fig 3A).

Though 12 studies provided postoperative analgesic data, only 7 with explicit analgesic dose
met the analysis requirements. After the equianalgesic conversion, a meta-analysis was carried
out which showed that the patients receiving RA demanded less tramadol to relieve

Table 1. (Continued)

Study Year Study
design

Level of
evidence

Study
quality

Anesthesia
technique

Sample
size

Age
(year)
(M±SD)

Sex
(M/F)

BMI ASA score Stone area or
maximal
diameter

GA 53 30.3
±22.1

ND 25.8
±7.1

ND 151.00±75.5mm2

BMI: body mass index ASA: American Society of Anesthesiologists RCT: randomized controlled trial RA: regional anesthesia EA: epidural anesthesia ND:

not demonstrated GA: general anesthesia CSEA: combined spinal epidural anesthesia SA: spinal anesthesia CS: cohort study

* Originally twenty patients included in the RA group, but one patient converted to GA.

**Totally 69 patients were included in the GA group, the authors [16] might report a wrong number here.

doi:10.1371/journal.pone.0126587.t001
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postoperative pain (WMD, −59.40mg; 95%CI, −78.39 to −40.40; p<0.00001; Fig 3B) and this
was consistent with the VAS comparison.

Fig 2. Forest plots andmeta-analyses of (A) operative time, (B) hospital stay and (C) stone-free rate.

doi:10.1371/journal.pone.0126587.g002
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Perioperative complications
All the studies reported all or some aspects of the intra- and/or postoperative complications.
Patients who underwent PNL in RA, rather than in GA, were associated with a higher risk of
intraoperative hypotension (RR, 3.13; 95%CI 1.76 to 5.59; p = 0.0001; Fig 4), blood transfusion
(RR, 0.61; 95%CI, 0.41 to 0.93; p = 0.02; Fig 4), and a potential lower risk of postoperative fever
(RR, 0.79; 95%CI, 0.61 to 1.02; p = 0.07; Fig 4), whereas the nausea and/or vomiting risk
showed no significant difference between the two groups (RR, 0.68; 95%CI, 0.17 to 2.68;
p = 0.58; Fig 4).

Pooling the data from 6 studies that assessed the postoperative complications revealed that
the total postoperative complications was not associated with the type of anesthesia (RR, 0.91;
95%CI, 0.74 to 1.12; p = 0.38; Fig 5). However, compared to patients receiving GA, those re-
ceiving RA seemed to experience more Grade I complications (RR, 1.54; 95%CI, 0.60 to 3.97;
p = 0.37; Fig 5) though without statistical significance, fewer Grade II (RR, 0.56; 95%CI, 0.37 to
0.83; p = 0.005; Fig 5), and fewer Grade III or more severe complications (RR, 0.51; 95%CI,
0.33 to 0.77; p = 0.001; Fig 5).

Fig 3. Forest plots andmeta-analyses of (A) VAS on the 1st, 2nd and 3rd postoperative day, and (B) analgesic requirement.

doi:10.1371/journal.pone.0126587.g003
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Sensitivity analysis
The sensitivity analysis suggested that the results of this meta-analysis were relatively stable
(Table 2). When the nRCTs were excluded, most of the outcomes including postoperative
time, stone-free rate, hospital stay, analgesic demand, intraoperative hypotension, postopera-
tive fever, and total postoperative complications were not greatly affected. Nevertheless, the re-
duced sample number failed to find significant differences of blood transfusion, and Grade II
and more severe postoperative complications between the two groups. Though these significant

Fig 4. Forest plots andmeta-analyses of intraoperative hypotension, nausea and/or vomiting, fever and blood transfusion.

doi:10.1371/journal.pone.0126587.g004
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differences were no longer detectable in the sensitivity analysis, the preference remained the
same. One exception was the Grade I postoperative complications, which were found to occur
less in the RA group, ac finding contradicting the overall analysis results; however, this differ-
ence still remained insignificant. Unexpectedly, a significant association was found between
RA and reduced risk of nausea and/or vomiting in the sensitivity analysis (RR, 0.39; 95%CI,
0.25 to 0.60; p<0.0001; Table 2).

Fig 5. Forest plot andmeta-analyses of postoperative complications.

doi:10.1371/journal.pone.0126587.g005
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Discussion
Anesthesia is definitely important for surgeries and the common choice of anesthetic technique
mainly depends on patient and surgeon preferences, feasibility of technique in a given patient,
intra-and postoperative pain control, skills of anesthesiologist, and perioperative costs [7].

Last three decades have witnessed a large amount of studies on the efficacy and safety of
PNL, however, the effect of anesthesia-type on this surgery was rarely discussed by urologists
and anesthesiologists. PNL is routinely performed under GA due to better control of breathing
and it being more comfortable for the patients. However there are some occasional side effects
from GA such as pulmonary complications, drug allergy, and postoperative nausea and vomit-
ing [10]. In addition, tracheal tube displacement and neurologic events especially at the time of
shifting position from lithotomy to prone are important concerns during PNL under GA [12].
Besides those, two inherent and indisputable facts about RA are its relatively low costs, which
is about four times cheaper [11], and good patient cooperation during anesthesia. The latter
provides great advantages in preventing pulmonary and neurologic events during position
shifting and supracostal puncture as patients can follow verbal commands and control respira-
tion. All the above facilitated the trying of a series of local and regional anesthesia methods
such as interpleural block, renal capsular block, peritubual infiltration, EA, SA, and CSEA in
PNL [30–33].

Earlier studies focusing on PNL with RA were only small case series of selected patients
with low evidence grade. Since 2008, several comparative studies including RCTs on this prob-
lem have been carried out, but some of the results are controversial. We systematically reviewed
the outcomes of PNL under RA and GA, and performed a meta-analysis of 14 studies (2270 pa-
tients). We observed no significant difference between the two groups in terms of baseline
characteristics and this laid the foundation for reasonable comparisons.

Table 2. Sensitivity analysis results.

Items Studies Sample size Tests for
heterogeneity

Analysis model Test for overall
effect

RR/WMD Favors

RA/GA I2 P* Z P* 95%CI

Operative Time(min) [7–14] 398/400 85% <0.00001 Random 2.63 0.009 -5.55 [-9.68,-1.41] RA

Tramadol demand(mg) [7–9,11,12,14] 345/344 96% <0.00001 Random 5.64 <0.00001 -59.68 [-80.41,-38.94] RA

Complications

IOH [8,11] 144/142 41% 0.19 Fixed 2.56 0.01 2.24 [1.21,4.15] GA

Nausea/Vomiting [8,10–12,14] 318/318 0% 0.92 Fixed 4.23 <0.0001 0.39 [0.25,0.60] RA

Fever [8,11,12] 194/192 5% 0.35 Fixed 1.30 0.19 0.75 [0.48,1.16] RA

Blood Transfusion [9–13] 193/190 0% 0.85 Fixed 0.36 0.72** 0.90 [0.52,1.56] RA

Grade I POC [10–12] 132/128 46% 0.16 Fixed 0.88 0.38 0.69 [0.30,1.58] RA

Grade II POC [10–12] 132/128 0% 0.99 Fixed 0.56 0.58** 0.85 [0.48,1.50] RA

�Grade III POC [11,12] 108/102 0% 0.78 Fixed 1.09 0.27** 0.44 [0.10,1.91] RA

Total POC [10–12] 132/128 5% 0.35 Fixed 1.45 0.15 0.74 [0.49,1.11] RA

Hospital Stay(d) [8–10,12] 192/198 49% 0.12 Fixed 7.73 <0.00001 -0.59[-0.74,-0.44] RA

Stone-Free Rate [8–12] 234/182 0% 0.48 Fixed 0.42 0.68 1.02 [0.93,1.12] RA

RA: regional anesthesia GA: general anesthesia RR: relative risk WMD: weighted mean difference CI: confidence interval IOH: intraoperative hypotension

POC: postoperative complications

* P<0.05 was considered statistically significant.

**originally significant before nRCTs excluded.

doi:10.1371/journal.pone.0126587.t002
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Operative time of PNL mainly depends on patient characteristics, surgeon’s experience, and
anesthesia. The definition of operative time was not clearly stated in all but four studies which
calculated it as the time elapsed from the puncture of the pelvicalyceal system until placement
of the nephrostomy tube [9, 15] or the duration between the insertion of the ureteral catheter
and the removal of the microperc system from the kidney [14, 20]. The operative time was sig-
nificantly longer in the GA group and Sugiharan et al reported that longer operative time was
associated with a higher risk of severe complications after PNL [34].

Another outcome in favor of RA was the lower postoperative VAS, with a difference reach-
ing statistical significance on POD 1 and POD 3. All three studies reported less VAS in RA on
POD 2 while the detected WMD of −0.82 did not reach statistical significance. This may be
due to the continuation of pain relief provided by RA into the postoperative period. According-
ly, the postoperative analgesic demand was significantly lesser in the RA group, which may re-
duce the risk of analgesic side effects. Patients probably will get better quality of life and sooner
recovery if the postoperative pain is lesser.

Different complications favor different anesthesia types. Intraoperative hypotension seemed
to occur more in the RA group, which could be effectively managed with ephedrine. In con-
trast, the frequency of other complications including blood transfusion, nausea and vomiting,
and fever in RA group were lower than in the GA group. The reduced blood transfusion may
be caused by the lower thoracic pressure during surgery, decreased blood pressure and vasodi-
lation following sympathetic block and shorter operative time [18, 35]. Major complications
(Grade II and above) were seen significantly more frequently in group GA than in RA, but no
such trend was observed for minor complications. They occurred more frequently in the RA
group in the overall analysis but an opposite conclusion could be drawn when nRCTs were ex-
cluded. However, the number of RCTs was only three (260 patients) and the differences were
still insignificant. Further studies are needed to answer this question. No significant difference
was detected in the total postoperative complications in all trials. After the sensitivity analyses
were carried out, some of the outcome differences turned out to be insignificant, but the trends
did not change. Thus, it can be concluded that PNL under RA is quite safe, maybe even safer
than GA considering the significantly lesser major complications. It should also be pointed out
that cardiac arrest was reported to happen under EA during PNL [36], but none of the patients
experienced the same in these included trials. Therefore, a patient who is to undergo PNL must
be evaluated well before he or she can receive RA as the anesthesia method.

In addition, RA yielded significantly shorter hospitalization duration, which may be due to
lesser pain and major complications. This also could be regarded as a cost-saving feature of
RA.

Overall, we found no statistically significant difference in the stone-free rate. Another im-
portant aspect of assessing treatment outcome is patient and doctor-satisfaction. Two studies
[10, 11] assessed patient satisfaction after anesthesia and surgery and one study [8] assessed
surgeon satisfaction. The use of different scales to assess the degree of satisfaction made it diffi-
cult to perform a meta-analysis. Of the three studies, two [8, 10] demonstrated patients receiv-
ing RA as having higher level of satisfaction than the GA group, while the other showed no
significant difference between the two groups. This may result from lesser pain and complica-
tions. In addition, the surgeon satisfaction was similar in the two groups.

Beside the aspects discussed above, there are at least two important aspects that need to be
further investigated. One of them is the fluoroscopy time. In nearly all the studies, PNL was
performed in the prone position under fluoroscopic guidance. Cicek and colleagues reported
that the fluoroscopy time was significantly shorter in RA groups (4.56 ± 2.8 vs. 5.06 ± 2.83
min) [18], however, another study found it was not affected by the method of anesthesia [14].
The other aspect needing further investigation is the post anesthesia recovery. Karacalar et al.
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[8] found that the time spent in post anesthesia care unit was significantly shorter in the RA
group than in the GA group (4.9 ± 8.7 min vs.18.6 ± 4.2 min) according to the standardized
discharge criteria, however, Movasseghi and colleagues [13] found no difference between the
two groups.

From the above, we can find some merits of RA over GA, but RA does have some demerits.
For instance, there are many contraindications to RA, such as a patient’s inability to maintain
stillness during the needle puncture, raised intracranial pressure, and skin or soft tissue infec-
tion at the proposed site of needle insertion. Another one is that it is unbearable for patients
under RA to be in prone position if the operative time is too long. Moreover, the patient’s anxi-
ety can be a major deterrent in maintaining the respiratory cycle—hyperventilation by an anx-
ious patient can be a major problem during PNL puncture. Last but not the least, if the patient
has to be switched to GA, or open surgery in case of an emergency, it might take a great
amount of time to reposition the patient and administer GA. None but 5 patients converted to
open surgery in the 2270 patients encountered a failed RA. These are a reminder to evaluate
well a patient who is to undergo PNL before he or she can receive RA as the anesthesia method.

There are several limitations to be considered in interpreting the results of our meta-analy-
sis. First, similar to other studies comparing RA and GA in surgeries [4, 6], a relatively hetero-
geneous inclusion criteria was used. Three RA techniques (SA, EA, and CSEA) instead of one
specific technique were compared with GA. They all belong to intrathecal anesthesia and the
differences among them could be unremarkable when comparing with GA. Second, most com-
parisons included nRCTs. Though sensitivity analysis showed that most of the results were sta-
ble and the tendency remained unchanged, the difference of blood transfusion and of Grade II
and more severe complications between the two groups became statistically insignificant when
the nRCTs were removed. More RCTs are needed to verify these indefinite outcomes. Third,
our meta-analysis only included studies published in indexed journals. We did not search for
unpublished studies or original data. The small number of included studies in all the compari-
sons except for the operative time limited the ability to detect publication bias, although the
funnel plot of operative time results seems to suggest that there was no evidence of publication
bias. Finally, all the patients in the studies were adults without morbid obesity and diseases
contraindicating RA, for example, some type of back deformity. Additionally, all the studies ex-
cluded patients whose ASA scores were more than III. In children and patients with ASA IV
and V or other special conditions, these outcomes should be interpreted cautiously.

Conclusion
In conclusion, the present meta-analysis shows that both RA and GA can provide safe and ef-
fective anesthesia for PNL in carefully evaluated and selected patients. Each anesthesia tech-
nique has its own advantages and RA is associated with shorter operative time, less
postoperative pain, less analgesic requirements and faster hospital discharge, whereas higher
intraoperative hypotension. But some aspects still remain unclear and need to be explored in
future studies.

Supporting Information
S1 Fig. The funnel plots of comparisons. Funnel plots of (A) hospital stay, (B) stone-free sta-
tus, visual analgesic score of the first (C), second (D), third (E) postoperative day, (F) postoper-
ative analgesic demand, (G) intraoperative hypotension, (H) nausea and vomiting, (I)
postoperative fever, (J) blood transfusion, (K)Grade I, (L) Grade II, (M) Grade III or more
sever and (N) total postoperative complications.
(TIF)

RA vs GA for PNL: A Meta-Analysis

PLOS ONE | DOI:10.1371/journal.pone.0126587 May 11, 2015 13 / 15

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0126587.s001


S1 File. List of full-text excluded articles with reasons for exclusion.
(PDF)

S2 File. PRISMA checklist.
(DOC)

Author Contributions
Conceived and designed the experiments: HH BQ DH YL SW. Performed the experiments:
HH BQ DH YL. Analyzed the data: HH ZZ JZ YW. Contributed reagents/materials/analysis
tools: BQ ZZ JZ YW SW. Wrote the paper: HH DH YL JZ SW.

References
1. Türk C, Knoll T, Petrik A, Sarica K, Skolarikos A, Straub M, et al. Guidelines on urolithiasis. Uroweb

2014 Available: http://www.uroweb.org/gls/pdf/22%20Urolithiasis_LRpdf. Accessed August 15, 2014.

2. Preminger GM, Assimos DG, Lingeman JE, Nakada SY, Pearle MS, Wolf JS Jr, et al. AUA guideline on
management of staghorn calculi: diagnosis and treatment recommendations. J Urol. 2005; 173:1991–
2000. PMID: 15879803

3. Singh I, Kumar A, Kumar P. "Ambulatory PCNL" (tubeless PCNL under regional anesthesia)—a prelim-
inary report of 10 cases. Int Urol Nephrol. 2005; 37:35–37. PMID: 16132756

4. Rodgers A, Walker N, Schug S, McKee A, Kehlet H, van Zundert A, et al. Reduction of postoperative
mortality and morbidity with epidural or spinal anaesthesia: results from overview of randomised trials.
Br Med J. 2000; 321:1493–1497. PMID: 11118174

5. Svircevic V, van Dijk D, Nierich AP, Passier MP, Kalkman CJ, van der Heijden GJMG, et al. Meta-analy-
sis of thoracic epidural anesthesia versus general anesthesia for cardiac surgery. Anesthesiology.
2011; 114:271–282. doi: 10.1097/ALN.0b013e318201d300 PMID: 21239975

6. Neuman MD, Rosenbaum PR, Ludwig JM, Zubizarreta JR, Silber JH. Anesthesia technique, mortality,
and length of stay after hip fracture surgery. JAMA. 2014; 311:2508–2517. doi: 10.1001/jama.2014.
6499 PMID: 25058085

7. Elbealy E, Rashwan D, Kassim SA, Abbas S. A comparison of the effects of epidural anesthesia, lum-
bar paravertebral block and general anesthesia in percutaneous nephrolithotomy. J Med Sci. 2008;
8:170–176. PMID: 18498270

8. Karacalar S, Bilen CY, Sarihasan B, Sarikaya S. Spinal-epidural anesthesia versus general anesthesia
in the management of percutaneous nephrolithotripsy. J Endourol. 2009; 23:1591–1597. doi: 10.1089/
end.2009.0224 PMID: 19698035

9. Singh V, Sinha RJ, Sankhwar SN, Malik A. A prospective randomized study comparing percutaneous
nephrolithotomy under combined spinal-epidural anesthesia with percutaneous nephrolithotomy under
general anesthesia. Urol Int. 2011; 87:293–298. doi: 10.1159/000329796 PMID: 21921573

10. Tangpaitoon T, Nisoog C, Lojanapiwat B. Efficacy and safety of percutaneous nephrolithotomy
(PCNL): a prospective and randomized study comparing regional epidural anesthesia with general an-
esthesia. Int Braz J Urol. 2013; 38:504–511.

11. Mehrabi S, Zadeh AM, Toori MA, Mehrabi F. General versus spinal anesthesia in percutaneous
nephrolithotomy. Urol J. 2013; 10:756–761. PMID: 23504678

12. Nouralizadeh A, Ziaee SAM, Hosseini Sharifi SHH, Basiri A, Tabibi A, Sharifiaghdas F, et al. Compari-
son of percutaneous nephrolithotomy under spinal versus general anesthesia: a randomized clinical
trial. J Endourol. 2013; 27:974–978. doi: 10.1089/end.2013.0145 PMID: 23672318

13. Movasseghi G, Hassani V, Mohaghegh MR, Safaeian R, Safari S, Zamani MM, et al. Comparison be-
tween spinal and general anesthesia in percutaneous nephrolithotomy. Anesth Pain Med. 2014; 4:
e13871–e13871. doi: 10.5812/aapm.13871 PMID: 24660147

14. Moawad HES, El Hefnawy AS. Spinal vs. general anesthesia for percutaneous nephrolithotomy: A pro-
spective randomized trial. Egypt J Anesth. 2015; 31:71–75.

15. Kuzgunbay B, Turunc T, Akin S, Ergenoglu P, Aribogan A, Ozkardes H. Percutaneous nephrolithotomy
under general versus combined spinal-epidural anesthesia. J Endourol. 2009; 23:1835–1838. doi: 10.
1089/end.2009.0261 PMID: 19630480

16. Kim SS, Lee JW, Yu JH, Sung LH, Chung JY, Noh CH. Percutaneous nephrolithotomy: comparison of
the efficacies and feasibilities of regional and general anesthesia. Korean J Urol. 2013; 54:846–850.
doi: 10.4111/kju.2013.54.12.846 PMID: 24363866

RA vs GA for PNL: A Meta-Analysis

PLOS ONE | DOI:10.1371/journal.pone.0126587 May 11, 2015 14 / 15

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0126587.s002
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0126587.s003
http://www.uroweb.org/gls/pdf/22%20Urolithiasis_LRpdf
http://www.ncbi.nlm.nih.gov/pubmed/15879803
http://www.ncbi.nlm.nih.gov/pubmed/16132756
http://www.ncbi.nlm.nih.gov/pubmed/11118174
http://dx.doi.org/10.1097/ALN.0b013e318201d300
http://www.ncbi.nlm.nih.gov/pubmed/21239975
http://dx.doi.org/10.1001/jama.2014.6499
http://dx.doi.org/10.1001/jama.2014.6499
http://www.ncbi.nlm.nih.gov/pubmed/25058085
http://www.ncbi.nlm.nih.gov/pubmed/18498270
http://dx.doi.org/10.1089/end.2009.0224
http://dx.doi.org/10.1089/end.2009.0224
http://www.ncbi.nlm.nih.gov/pubmed/19698035
http://dx.doi.org/10.1159/000329796
http://www.ncbi.nlm.nih.gov/pubmed/21921573
http://www.ncbi.nlm.nih.gov/pubmed/23504678
http://dx.doi.org/10.1089/end.2013.0145
http://www.ncbi.nlm.nih.gov/pubmed/23672318
http://dx.doi.org/10.5812/aapm.13871
http://www.ncbi.nlm.nih.gov/pubmed/24660147
http://dx.doi.org/10.1089/end.2009.0261
http://dx.doi.org/10.1089/end.2009.0261
http://www.ncbi.nlm.nih.gov/pubmed/19630480
http://dx.doi.org/10.4111/kju.2013.54.12.846
http://www.ncbi.nlm.nih.gov/pubmed/24363866


17. Moslemi MK, Mousavi-Bahar SH, Abedinzadeh M. The feasibility of regional anesthesia in the percuta-
neous nephrolithotomy with supracostal approach and its comparison with general anesthesia. Urolith-
iasis. 2013; 41:53–57. doi: 10.1007/s00240-012-0528-5 PMID: 23532424

18. Cicek T, Gonulalan U, Dogan R, Kosan M, Istanbulluoglu O, Gonen M, et al. Spinal anesthesia is an ef-
ficient and safe anesthetic method for percutaneous nephrolithotomy. Urology. 2014; 83:50–55. doi:
10.1016/j.urology.2013.08.064 PMID: 24210569

19. Gonen M, Basaran B. Tubeless percutaneous nephrolithotomy: Spinal versus general anesthesia. Urol
J. 2014; 11:1211–1215. PMID: 24595926

20. Karatag T, Tepeler A, Buldu I, Akcay M, Tosun M, Istanbulluoglu MO, et al. Is micro-percutaneous
nephrolithotomy surgery technically feasible and efficient under spinal anesthesia? Urolithiasis. 2015.
doi: 10.1007/s00240-015-0752-x

21. Moher D, Liberati A, Tetzlaff J, Altman DG, Group P. Preferred reporting items for systematic reviews
and meta-analyses: the PRISMA statement. Br Med J. 2009; 339:b2535 doi: 10.1136/bmj.b2535 PMID:
19622551

22. Group OLoEW. The Oxford 2011 Levels of Evidence. Oxford Centre for Evidence-Based Medicine
Available: http://wwwcebmnet/indexaspx?o=5653 Accessed August 15, 2014.

23. Wells G, Shea B, O'Connell D, Peterson J, Welch V, Losos M, et al. The Newcastle-Ottawa Scale
(NOS) for assessing the quality of nonrandomised studies in meta-analyses. Available: http://
wwwohrica/programs/clinical_epidemiology/oxfordasp Accessed August 15, 2014.

24. Clark HD, Wells GA, Huet C, McAlister FA, Salmi LR, Fergusson D, et al. Assessing the quality of ran-
domized trials: Reliability of the Jadad scale. Control Clin Trials. 1999; 20:448–452. PMID: 10503804

25. de la Rosette JJMCH, Opondo D, Daels FPJ, Giusti G, Serrano A, Kandasami SV, et al. Categorisation
of complications and validation of the Clavien score for percutaneous nephrolithotomy. Eur Urol. 2012;
62:246–255. doi: 10.1016/j.eururo.2012.03.055 PMID: 22487016

26. Grond S, Sablotzki A. Clinical pharmacology of tramadol. Clin Pharmacokinet. 2004; 43:879–923.
PMID: 15509185

27. Knotkova H, Fine PG, Portenoy RK. Opioid Rotation: The science and the limitations of the equianalge-
sic dose table. J Pain SymptomManage. 2009; 38:426–439. doi: 10.1016/j.jpainsymman.2009.06.001
PMID: 19735903

28. Hozo SP, Djulbegovic B, Hozo I. Estimating the mean and variance from the median, range, and the
size of a sample. BMCMed Res Methodol. 2005; 5:13–13. PMID: 15840177

29. Higgins JPT, Green S. Cochrane handbook for systematic reviews of interventions Version 5.1.0 [up-
dated March 2011]. The Cocharane Collaboration, 2011. Available: www.cocharane-handbook.org.
Accessed August 15, 2014.

30. Dalela D, Goel A, Singh MP, Shankhwar SN. Renal capsular block: A novel method for performing per-
cutaneous nephrolithotomy under local anesthesia. J Endourol. 2004; 18:544–546. PMID: 15333218

31. Aravantinos E, Karatzas A, Gravas S, Tzortzis V, Melekos M. Feasibility of percutaneous nephrolithot-
omy under assisted local anaesthesia: A prospective study on selected patients with upper urinary tract
obstruction. Eur Urol. 2007; 51:224–228. PMID: 16842905

32. Chen Y, Zhou ZS, SunW, Zhao T, Wang H. Minimally invasive percutaneous nephrolithotomy under
peritubal local infiltration anesthesia. World J Urol. 2011; 29:773–777. doi: 10.1007/s00345-011-0730-
z PMID: 21779834

33. Li H, Xu K, Li B, Chen B, Xu A, Chen Y, et al. Percutaneous nephrolithotomy under local infiltration an-
esthesia: A single-center experience of 2000 Chinese cases. Urology. 2013; 82:1020–1025. doi: 10.
1016/j.urology.2013.07.007 PMID: 23992963

34. Sugihara T, Yasunaga H, Horiguchi H, Fujimura T, Nishimatsu H, Kume H, et al. Longer operative time
is associated with higher risk of severe complications after percutaneous nephrolithotomy: Analysis of
1511 cases from a Japanese nationwide database. Int J Urol. 2013; 20:1193–1198. doi: 10.1111/iju.
12157 PMID: 23601020

35. Richman JM, Rowlingson AJ, Maine DN, Courpas GE, Welter JF, Wu CL. Does neuraxial anesthesia
reduce intraoperative blood loss? A meta-analysis. J Clin Anesth. 2006; 18:427–435. PMID: 16980159

36. Watanabe N, Mishima K, Nezu T, Tanifuji Y, Kobayashi K. Sudden cardiac arrest during percutaneous
nephrostolithotomy (PNL) under epidural anesthesia. Masui. 1990; 39:253–256. PMID: 2325260

RA vs GA for PNL: A Meta-Analysis

PLOS ONE | DOI:10.1371/journal.pone.0126587 May 11, 2015 15 / 15

http://dx.doi.org/10.1007/s00240-012-0528-5
http://www.ncbi.nlm.nih.gov/pubmed/23532424
http://dx.doi.org/10.1016/j.urology.2013.08.064
http://www.ncbi.nlm.nih.gov/pubmed/24210569
http://www.ncbi.nlm.nih.gov/pubmed/24595926
http://dx.doi.org/10.1007/s00240-015-0752-x
http://dx.doi.org/10.1136/bmj.b2535
http://www.ncbi.nlm.nih.gov/pubmed/19622551
http://wwwcebmnet/indexaspx?o=5653
http://wwwohrica/programs/clinical_epidemiology/oxfordasp
http://wwwohrica/programs/clinical_epidemiology/oxfordasp
http://www.ncbi.nlm.nih.gov/pubmed/10503804
http://dx.doi.org/10.1016/j.eururo.2012.03.055
http://www.ncbi.nlm.nih.gov/pubmed/22487016
http://www.ncbi.nlm.nih.gov/pubmed/15509185
http://dx.doi.org/10.1016/j.jpainsymman.2009.06.001
http://www.ncbi.nlm.nih.gov/pubmed/19735903
http://www.ncbi.nlm.nih.gov/pubmed/15840177
http://www.cocharane-handbook.org
http://www.ncbi.nlm.nih.gov/pubmed/15333218
http://www.ncbi.nlm.nih.gov/pubmed/16842905
http://dx.doi.org/10.1007/s00345-011-0730-z
http://dx.doi.org/10.1007/s00345-011-0730-z
http://www.ncbi.nlm.nih.gov/pubmed/21779834
http://dx.doi.org/10.1016/j.urology.2013.07.007
http://dx.doi.org/10.1016/j.urology.2013.07.007
http://www.ncbi.nlm.nih.gov/pubmed/23992963
http://dx.doi.org/10.1111/iju.12157
http://dx.doi.org/10.1111/iju.12157
http://www.ncbi.nlm.nih.gov/pubmed/23601020
http://www.ncbi.nlm.nih.gov/pubmed/16980159
http://www.ncbi.nlm.nih.gov/pubmed/2325260

