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Background: The enhanced recovery after surgery (ERAS) method has been widely used in surgery and anesthesia worldwide and
has been applied to a wide range of surgical specialties, including colorectal surgery, gynecology, liver surgery, breast surgery,
urology, and spinal surgery. An increasing number of studies have demonstrated its safety and efficacy in various fields. The safety
and effectiveness of ERAS for percutaneous nephrolithotomy (PCNL) remain controversial. This study aimed to review the safety and
effectiveness of ERAS for PCNL.
Methods: The Chinese National Knowledge Infrastructure (CNKI), Wan Fang, Chinese Biomedical Literature Service System
(SinoMed), Chinese Science and Technology Journal Full Text Database (VIP), Cochrane Library, PubMed, Web of Science, and
Embase databases were searched for eligible studies published until 19 September 2022. Outcome measures included
postoperative hospital stay, total hospital stay, incidence of postoperative complications, stone-free rate (SFR), operative time,
postoperative indwelling nephrostomy tube time, catheter encumbrance time, and nursing satisfaction. All analyses were performed
using random-effects or fixed-effects models. Clinical heterogeneity was treated with subgroup, sensitivity, or descriptive analyses
only when clinical heterogeneity was not excluded. Publication bias was assessed using funnel plots. Twenty-five studies (1545
observational patients and 1562 controls) were included.
Results: The ERAS group had a shorter postoperative hospital stay [WMD= −2.59, 95% CI= (−3.04, −2.14), P< 0.001], total
hospital stay [WMD= − 2.59, 95% CI= (− 3.04, − 2.14), P<0.001], and lower complication rate [RR=0.36, 95% CI= (0.29–0.43),
P<0.001] than the control group. The ERAS group had a shorter surgery time [WMD= −3.57, 95% CI= (−5.88, −1.26),
P=0.003], postoperative indwelling nephrostomy tube time [WMD= −1.94, 95% CI= (− 2.69, −1.19), P<0.001], catheter
encumbrance time [WMD= −2.65, 95% CI= (−4.83, − 0.46), P=0.02], and higher satisfaction [RR=1.15, 95% CI= (1.05–1.25),
P=0.001] than the control group. The difference in the stone-free rate between the two groups was not statistically significant
[RR=1.03, 95%CI= (0.97–1.09), P=0.38], but the stone-free rate of the observation group (ERAS group) in each study was higher
than that of the control group.
Conclusion: ERAS not only ensures the safety of PCNL but also promotes postoperative rehabilitation of patients (shorter surgery
time, postoperative indwelling nephrostomy tube time, postoperative hospital time, and lower complication rate). At the same time,
differences in the stone-free rate were not statistically significant, but the stone-free rate of ERAS in each study was higher than that of
the usual care for PCNL patients.
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Introduction

According to a survey, the incidence and prevalence of kidney
stones will continue to rise (2– 20%), and the recurrence rate of
kidney stones is reported to be 52% after 10 years[1–5]. It can
cause severe kidney damage and even kidney loss, and can be
accompanied by painful colic, posing a burden on health care in
many countries[6–9]. Owing to advancements in medical tech-
nology, percutaneous nephrolithotomy (PCNL) is the primary
treatment option for kidney calculi. It has high stone clearance
rates (85–93%), but postoperative complications occur in up to
18%[10,11]. A study from the United Kingdom reported that
PCNL complications include bleeding, inflammation of adjacent
organs, and infection[12]. Of these, 1.7% arose from infection and
9.4% from bleeding. Sepsis is the leading cause of perioperative
period[13,14]. With the rapid development of medical science,
surgical techniques with fewer traumas, faster postoperative
rehabilitation, and shorter bed rest requirements have received a
great deal of attention. Thus, optimization of therapy for patients
with PCNL surgery-related complications has become increas-
ingly important. Enhanced recovery after surgery (ERAS), also
called fast track surgery (FTS), which was developed by Danish
surgeon Kehlet, has been widely used in various surgery opera-
tions, aiming to achieve rapid rehabilitation following surgery,
shorten the hospital stay, and reduce the incidence of post-
operative complications[15–17]. ERAS is a multimodal perio-
perative program that includes health education, nutrition
assessment, nutrition intervention, postoperative fluid manage-
ment, epidural or local anesthesia, multimodal analgesia for
postoperative pain, early enteral nutrition, early postoperative
mobilization, and early removal of indwelling urinary catheters
or drainage catheters. It requires the collaborative efforts of
nurses, clinicians, anesthesiologists, and physical therapists[15,17].

Some recommendations have been developed for the ERAS
guidelines in recent years to ensure that patients receive
the best possible care[18]. There have been widely applied in
a variety of surgical procedures, including gynecological
oncologic surgery[19], thoracic tumor surgery[20], and urologic
cancer surgery[21–23]. PCNL can also be surgically treated
using ERAS. However, it remains unclear whether ERAS is
effective and safe in perioperative PCNL trials. Furthermore, a
comprehensive review of ERAS applications has not yet been
published for PCNL. This systematic review aimed to conduct
a meta-analysis of randomized controlled trials (RCTs) inves-
tigating the safety and effectiveness of ERAS during the peri-
operative period in patients with PCNL.

Material and methods

Protocol and registration

This systematic review was reported following the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) guidelines[24] (Supplemental Digital Content 1, http://
links.lww.com/JS9/B925, Supplemental Digital Content 2, http://
links.lww.com/JS9/B926) and Assessing the Methodological
Quality of Systematic Reviews (AMSTAR) standards[25]

(Supplemental Digital Content 3, http://links.lww.com/JS9/
B927).

Literature search and inclusion criteria

An electronic search of published literature was performed using
the Chinese National Knowledge Infrastructure (CNKI), Wan
Fang database, Chinese Biomedical Literature Service System
(SinoMed), Chinese Science and Technology Journal Full Text
Database (VIP), Cochrane Library, PubMed, Web of Science, and
Embase according to the Preferred Reporting Items for Systematic
Reviews and Meta-Analysis Statement[26]. Retrieval words
consisted of subject words and free words, determined after
repeated prechecking, along with manual retrieval. The search
terms included ‘enhanced recovery after surgery’, ‘ERAS’, ‘FTS’,
‘hanced postsurgical recovery’, ‘postsurgical recoveries, en-
hanced’, ‘postsurgical recovery, enhanced’, ‘recovery, enhanced
postsurgical’, ‘nephrolithotomy, percutaneous’, ‘nephrolitho-
tomies, percutaneous’, ‘percutaneous nephrolithotomies’, ‘percu-
taneous nephrolithotomy’, and ‘PCNL’. The retrieval time was set
as the establishment of the database until 19 September 2022.
PubMed is an example and Appendix 1 presents the specific
retrieval strategy (Supplemental Digital Content 4, http://links.
lww.com/JS9/B928).

The inclusion criteria were as follows: (1) type of study: RCTs.
(2) Language: English or Chinese. (3) Diagnosis of upper urinary
tract stones was confirmed. (4) Underwent PCNL. (5)
Intervention: control group, conventional perioperative care;
observation group (ERAS group), ERAS during the perioperative
period. The exclusion criteria were as follows: (1) literature
reviews and conference papers. (2) Nonrandomized controlled
trials. (3) Descriptive statistics. (4) Unable to extract data. (5)
Repeat the published literature. Figure 1 illustrates the flow dia-
gram of the literature selection.

The primary outcomes were length of postoperative hospital
stay, total hospital stay, and postoperative complication rate.
Secondary outcomes included the removal of urethral or
drainage catheters, length of surgery, patient satisfaction,
postoperative stone-free rate (SFR), and total hospital stay.
SFR indicated that there were no residual stones (residual
stones <5 mm) or that the residual stones were deeper than
5 mm, but they did not obstruct the urinary system with the
need for a second operation. Postoperative complications
included bleeding, infection, fever, urinary extravasation,
pneumothorax, and hypotension.

Literature screening and data extraction

During the review process, two independent researchers exam-
ined the literature and gathered the data independently. Any
disagreements during literature screening were settled after a full
discussion with the third researcher. The extracted information

HIGHLIGHTS

• Several surgical fields have widely adopted enhanced
recovery after surgery (ERAS), which is a multimodal
and multidisciplinary perioperative care protocol.

• Uncertainty remains regarding the effects of the ERAS
protocol on patients undergoing percutaneous nephro-
lithotomies (PCNL).

• The ERAS protocol was shown to be safe and feasible in
the first meta-analysis of this protocol versus standard care
for patients undergoing PCNL.
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included (1) basic literature information such as year of pub-
lication, first author, sample size, male/female ratio, average age,
stone location, and diameter; (2) key factors of bias risk assess-
ment; and (3) outcome indexes such as SFR, operative time, and
incidence of postoperative complications. The risk of bias was
assessed using the risk of bias tool from the Cochrane Handbook
for Systematic Reviews[27].

Statistical analysis

Statistical analyses were conducted using Review Manager,
version 5.4.1. The combined statistic used in either a random-
effects model or a fixed-effects model when analyzing con-
tinuous variables was the weighted mean difference (WMD) or
standardized mean difference (SMD). An effect analysis was
conducted using the risk ratio (RR). A 95% CI was used for all
the effect sizes. χ2 tests were used to analyze the statistical
heterogeneity among the included studies. For quantitative
analysis of heterogeneity, the I2 test was used with a test level
of α= 0.1. Quantitative I2 values were combined to determine
heterogeneity. Meta-analyses were conducted using fixed-
effect models when there was no statistical heterogeneity
between the studies (P> 0.1 and I2< 50%). Meta-analyses
were conducted using a random-effects model after clinical
heterogeneity was excluded when there was significant het-
erogeneity. Clinical heterogeneity was treated with subgroup,
sensitivity, or descriptive analyses only when clinical hetero-
geneity was not excluded. Statistical analyses were performed
using α= 0.05. Publication bias was assessed using funnel plots
when more than 10 eligible articles were included according to
the Cochrane Handbook of Systematic Reviews.

Results

Study characteristics and quality assessment

Predetermined search strategies were utilized to conduct a meth-
odological search of eight databases: CNKI, Wan Fang, SinoMed,
VIP, Cochrane Library, PubMed, Web of Science, and Embase.
Initial searches revealed 413 potentially relevant publications
(EMbase: n=17; PubMed: n=7; The Cochrane Library: n=4;
Web of Science: n=72; CNKI: n=106; Wangfang: n=56; VIP:
n=71; SinoMed: n=80). Relevant bibliographies were manually
searched for 11 additional articles. Following the exclusion of
duplicate studies, we read the abstracts and titles of the remaining
studies and selected 25 studies to read the full text. We finally
included 25 RCTs involving 3107 patients (male: n=1889;
female: n=1218)[28–52]. A total of 1545 patients were in the
ERAS group and 1562 patients were in the control group.
Figure 1 illustrates the literature selection process. Table 1 shows
the baseline characteristics of the studies included in this meta-
analysis. All 25 studies were published after 2013, and more than
half had been published within the last 5 years. The number of
patients enrolled in each study ranged from 32 to 380. Table 2
presents the results of bias risk assessment.

Postoperative hospital and total hospital stay

Among the studies, 23 (n=2923)[28–34,36–45,47–52] and two
(n=220)[30,35] reported postoperative hospital and total hospital
stay times, respectively. A meta-analysis with a random-effects
model showed that the ERAS group was associated with a sig-
nificantly shorter postoperative hospital stay than the control
group [WMD= − 2.59, 95% CI= (−3.04, −2.14), P<0.001]
(Fig. 2A), while the ERAS group spent a shorter amount of time in

Figure 1. PRISMA diagram showing selection of articles for review.
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Table 1
Summary of baseline characteristics.

Male/Female (n) Average Age (years) Stone diameter (mm)
Stone location

(Left/Right/Bilateral, n)
Stone location

(Kidney/Ureter, n)

References Country
Sample size
(T/N, n)

Male/Female
(n) T N T N T N T N T N

Outcome
indexes

Zhang et al.,[32] China 40/40 58/22 30/10 28/12 32.6+ 6.2 32.3+ 6.1 NR NR NR NR NR NR cef
Yang et al.,[35] China 55/55 55/55 28/27 27/28 56.7+ 10.1 55.6+ 11.1 34.1+ 11.1 33.9+ 10.2 NR NR NR NR eg
Ou et al.,[30] China 58/52 71/39 39/19 32/20 46.0 43.0 NR NR NR NR NR NR bcefg
Chen et al.,[36] China 40/40 53/27 27/13 26/14 43.8+ 6.1 44.1+ 5.3 NR NR NR NR 22/18 21/19 ef
Li et al.,[37] China 54/54 60/48 31/23 29/25 51.6+ 11.2 50.9+ 10.8 NR NR 28/26 21/33 NR NR ef
Shen et al.,[38] China 150/150 199/101 102/48 97/53 51.5+ 20.5 52.5+ 22.5 NR NR NR NR NR NR ef
Cai et al.,[51] China 30/30 33/27 17/13 16/14 41.0+ 5.9 40.3+ 5.9 31.5+ 3.6 31.2+ 3.5 NR NR NR NR bf
Li et al.,[28] China 117/118 146/89 72/45 74/44 51.0+ 11.0 54.0+ 12.0 21.0+ 9.4 19.2+ 8.2 NR NR NR NR abcdef
Zhang et al.,[29] China 62/73 88/47 41/21 47/26 53.2+ 12.6 54.3+ 11.7 26.3+ 3.7 24.8+ 4.1 33/29 39/34 NR NR acdef
Tan,[39] China 190/190 222/158 113/77 109/81 47.6+ 8.6 47.9+ 7.8 19.1+ 4.1 18.9+ 3.8 95/81/14 89/91/10 NR NR ef
Li,[40] China 45/45 55/35 27/18 28/17 45.3+ 2.6 45.1+ 2.7 7.6+ 2.0 7.7+ 2.0 NR NR 32/13 34/11 ef
Luo et al.,[31] China 116/127 128/115 62/54 66/61 42.0+ 13.0 40.0+ 14.0 22.0+ 5.0 21.0+ 4.0 NR NR 71/79 77/90 bcdef
Ma et al.,[41] China 30/30 37/23 NR NR NR NR NR NR NR NR NR NR ef
Hou et al.,[33] China 46/46 57/35 29/17 28/18 50.3+ 5.3 51.6+ 4.7 8.1+ 2.1 7.7+ 2.5 NR NR NR NR def
Zhuang et al.,[34] China 48/50 66/32 33/15 33/17 52.0+ 13.6 54.6+ 11.9 28.4+ 3.6 27.5+ 2.9 25/19/4 21/236 NR NR def
Zhou,[42] China 16/16 20/12 NR NR NR NR NR NR NR NR NR NR ef
Wei,[43] China 50/50 62/38 NR NR NR NR NR NR NR NR NR NR ef
Mao et al.,[44] China 57/57 58/56 28/29 30/27 46.8+ 5.9 47.1+ 6.2 NR NR 29/28 30/27 NR NR ef
Li et al.,[45] China 60/60 76/44 NR NR NR NR NR NR NR NR NR NR ef
Yang,[46] China 37/37 41/33 21/16 20/17 42.9+ 4.2 41.7+ 3.4 NR NR NR NR NR NR e
Lin et al.,[47] China 30/30 38/22 16/14 22/8 38(24-69) 46(32-72) NR NR 10/13/7 12/15/3 NR NR ef
Ma et al.,[48] China 60/60 72/48 NR NR 52.1+ 15.5 55.9+ 15.7 37.5+ 15.1 34.6+ 14.7 NR NR NR NR ef
Dong et al.,[49] China 38/38 48/28 NR NR NR NR NR NR NR NR NR NR ef
Chen et al.,[52] China 66/64 82/48 NR NR NR NR NR NR NR NR NR NR f
Qiao et al.,[50] China 50/50 64/36 31/19 33/17 47.2+ 11.5 48.8+ 13.5 NR NR 18/21/11 23/20/7 NR NR ef

T, ERAS group; N, control group; NR, not reported; Outcome Indexes: a. stone-free rate; b. operative time; c. postoperative indwelling nephrostomy tube time; d. catheter encumbrance time; e. incidence of postoperative complications; f. postoperative hospital stay; g. total
hospital stay.
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the hospital than the control group in the meta-analysis results of
the fixed-effects model [WMD= − 2.59, 95% CI= (− 3.04,
− 2.14), P<0.001] (Fig. 2B).

Complications

Twenty-three studies reported on various complications[28–50].
According to the meta-analysis of the fixed-effects model, the
incidence rate of postoperative complications in the ERAS group
was significantly lower than that in the control group [RR= 0.36,
95% CI= (0.29–0.43), P< 0.001] (Fig. 2C).

Stone-free rate

Among these studies, two (n= 370)[28,29] reported stone-free
rates. Based on the results of the fixed-effects model, there were
no significant differences between the ERAS and control groups
in SFR [RR=1.03, 95% CI= (0.97–1.09), P= 0.38] (Fig. 2D).
Zhang et al.[29] found that the SFR between the ERAS and control
groups were 95.1 and 94.5%, respectively. At the same time, Li
et al.[28] also found the SFR were 93.2% (109/117) and 89.8%
(106/118), respectively. There was no significant difference in
SFR between the ERAS and control groups in the two studies
(P> 0.05); however, the SFR of the ERAS group was higher than
that of the control group.

Operative time

Among the studies, three (n= 588)[28,30,31] reported the
operative time. According to the fixed-effects meta-analysis,

the operative time differed significantly between the groups
[WMD= − 3.57, 95% CI= (− 5.88, − 1.26), P= 0.003]
(Fig. 2E).

Time of postoperative indwelling nephrostomy tube and
catheter encumbrance

Among these studies, five (n=803)[28–32] reported postoperative
indwelling nephrostomy tube time. According to the fixed-effects
meta-analysis, the postoperative indwelling nephrostomy tube
time of the ERAS group was significantly shorter than that of the
control group [WMD= − 1.94, 95% CI= − 2.69, − 1.19,
P< 0.001] (Fig. 3A). Similarly, five studies (n= 803)[28,29,31,33,34]

reported catheter entrance time. Using a random-effects model,
we found that the ERAS group had a significantly shorter catheter
entrance time than the control group [WMD= − 2.65, 95%
CI= (−4.83, − 0.46), P=0.02] (Fig. 3B).

Nursing satisfaction

Nine studies reported on nursing satisfaction[33,35,36,40,42,43,45,48,49].
The meta-analysis conducted using a random-effects model
revealed that the ERAS group had higher nursing satisfaction than
the control group [RR=1.15, 95% CI= (1.05–1.25), P=0.001]
(Fig. 3C).

Subgroup analysis

More than 10 studies reported the postoperative duration of
hospital stay and showed high heterogeneity among the studies.

Table 2
Risk of bias in the included studies.

References Random method
Allocation

concealment
Blind

methods
Completeness of outcome

data
Selective outcome

report
Other sources of

bias

Zhang et al.,[32] Not clear Not clear Not clear Yes No Not clear
Yang et al.,[35] Random number table Not clear Not clear Yes No Not clear
Ou et al.,[30] Not clear Not clear Not clear Yes No Not clear
Chen et al.,[36] Random number table Not clear Not clear Yes No Not clear
Li et al.,[37] Random number table Not clear Not clear Yes No Not clear
Shen et al.,[38] Not clear Not clear Not clear Yes No Not clear
Cai et al.,[51] Not clear Not clear Not clear Yes No Not clear
Li et al.,[28] Random number table Yes Double-blind No, withdrawal No Not clear
Zhang et al.,[29] Not clear Not clear Not clear Yes No Not clear
Tan,[39] Random number table Not clear Not clear Yes No Not clear
Li,[40] Random number table Not clear Not clear Yes No Not clear
Luo et al.,[31] Not clear Not clear Not clear Yes No Not clear
Ma et al.,[41] Not clear No No Yes No Not clear
Hou et al.,[33] Not clear Not clear Not clear Yes No Not clear
Zhuang et al.,[34] Not clear Not clear Not clear Yes No Not clear
Zhou,[42] Not clear Not clear Not clear Yes No Not clear
Wei,[43] Random classification Not clear Not clear Yes No Not clear
Mao et al.,[44] Admission time random Not clear Not clear Yes No Not clear
Li et al.,[45] Not clear Not clear Not clear Yes No Not clear
Yang,[46] Not clear Not clear Not clear Yes Yes Not clear
Lin et al.,[47] Not clear Not clear Not clear Yes No Not clear
Ma et al.,[48] Not clear Not clear Single-blinded Yes Yes Not clear
Dong et al.,[49] Single/double digital

method
Not clear Not clear Yes No Not clear

Chen et al.,[52] Random number table Not clear Not clear Yes No Not clear
Qiao et al.,[50] Single/double digital

method
Not clear Not clear Yes No Not clear
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Therefore, based on sample size and stone location, we classified
the study population into subgroups. The results of each sub-
group analysis were consistent with the overall results, and there
were no significant differences between the heterogeneity of each
subgroup and that of the entire sample (Fig. 3D, E).

Sensitivity analysis and publication bias

A sensitivity analysis was conducted for the seven outcome
indicators. Each study was sequentially eliminated individually in
the sensitivity analysis, and at each stage, the meta-analysis of the
remaining studies was conducted and compared with the results

Figure 2. Forest plots showing postoperative hospital stay, total hospital stay, the incidence of postoperative complications, stone-free rate, operative time in the
observation and control groups. A postoperative hospital stay, B total hospital stay, C incidence of postoperative complications, D stone-free rate, E operative time.
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before the previous elimination was performed. One study[51]

regarding surgical time had high heterogeneity; therefore, it was
removed from the sensitivity analysis. The sensitivity analysis
indicated that the results were stable. Publication bias was eval-
uated using a funnel plot of postoperative complications. The
funnel plot showed that most points were in the upper part of the
funnel, and it was basically symmetrical, which indicated that the
analysis in the present study was relatively stable and credible
with little possibility of publication bias (Fig. 4).

Discussion

In addition to being supported by guidelines and having good
efficacy[53–55], PCNL for calculi clearance carries a number of
risks, including the possibility of hemorrhage[56], complications,
and increased likelihood of mortality[57]. The stone clearance rate
is a key indicator of the efficacy of PCNL. This can reach 85%[58].
The goal of ERAS is to achieve a high stone-free rate while
minimizing recurrence rates and complications, such as pain and
bleeding. The ERAS program requires a multidisciplinary
approach among the departments of surgery, anesthesia, nursing,
nutrition, pain management, and rehabilitation, which includes
preoperative, perioperative, and postoperative care. ERAS is a
multidisciplinary collaborative process that integrates various
effective measures, including preoperative education, optimiza-
tion of anesthesia, minimally invasive surgery, intraoperative
normothermia, and postoperative care. Postoperative care
includes minimizing the use of drainage tube placement or early
removal of drainage tubes, early postoperative movement, early
feeding, and optimization of postoperative pain treatment,
etc.[59]. As an increasing number of studies have proven the safety
and efficacy of the ERAS concept since Kehlet introduced it in the
1990s[15], this method has become increasingly popular. A recent
meta-analysis by Noba et al.[60] suggested that the use of ERAS
for pancreaticoduodenectomy is safe and feasible, and that it
improves clinical outcomes such as length of stay, complications,
delayed gastric emptying, and mortality rates without a sig-
nificant change in readmission and reoperation. Another meta-
analysis[61] indicated that the ERAS protocol could be safely and
feasibly implemented in the perioperative management of
patients undergoing minimally invasive bariatric surgery.
Compared with standard care, this protocol resulted in sig-
nificantly shorter hospital stays, lower 30-day readmission rates,
and lower hospitalization costs. No differences were observed in
the postoperative complications or mortality. Furthermore, a
growing number of meta-analyses have confirmed the feasibility
and safety of the ERAS protocol in several surgical fields.
However, to date, no systematic review has examined the effects
of ERAS in PCNL patients. Moreover, an increasing number of
studies on PCNL for ERAS in recent years hold varying opinions.
Therefore, we aimed to provide clinical decision-makers with the
latest evidence about ERAS’s effectiveness in the treatment of
PCNL through a comprehensive systematic review and meta-
analysis of the latest data.

Our meta-analysis indicated that the ERAS protocol can be
safely and feasibly implemented in the perioperative management
of patients undergoing PCNL. In addition to increased muscle
loss and weakness, bed rest impairs pulmonary function and
increases the risk of thromboembolism and venous stasis. It is

Figure 3. Forest plots showing postoperative indwelling nephrostomy tube
time, catheter encumbrance time, nursing satisfaction, postoperative hos-
pital stay for subgroup analysis (according to sample size), postoperative
hospital stay for subgroup analysis (according to stone location) in the
observation and control groups. A postoperative indwelling nephrostomy
tube time, B catheter encumbrance time, C nursing satisfaction, D post-
operative hospital stay for subgroup analysis (according to sample size),
E postoperative hospital stay for subgroup analysis (according to stone
location).
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common for postoperative patients to have a restricted oral
intake. Currently, no clinically effective drugs are available to
enhance gastric emptying, and owing to the attenuation of the
ileus caused by epidural anesthesia, oral intake can often be
successfully initiated 6 h after surgery, even after colonic surgery
with anastomosis. During postoperative care, patients were
encouraged to get out of bed as soon as possible to prevent
thrombosis and to begin an oral diet as soon as possible to pro-
mote the recovery of their gastrointestinal function[62,63].

First, our study found that although ERAS in PCNL did not
provide better stone-free rates (P> 0.05), it presented with a
shorter procedure time (P<0.05). Among the included studies,
four[28,30,31,51] reported the time of surgery and found that
patients in the ERAS group demonstrated a shorter procedure
time than those in the control group (P< 0.05) when we excluded
the study by Cai et al.[51]. Despite the high degree of heterogeneity
among the included studies, a sensitivity analysis revealed that
Cai et al.[51] was the main source of heterogeneity. Therefore, the
results should be interpreted with caution. Among the 25 studies
included in this review, only two[28,29] reported SFR, and the
results of both studies were not statistically significant. However,
we found that the SFR in the ERAS group was higher than that in
the control group. In addition, the SFR of the two group in the
two studies[28,29] substantially were higher than 90% (93.2 vs.
89.8%, P=0.7997; 95.1 vs. 94.5%, P> 0.05). Two explanations
can be offered for this. Pneumatic lithotripsy and holmium laser
lithotripsy have higher efficiencies in PCNL[64]. Preoperative
nutritional support allowed patients in the ERAS group to tol-
erate PCNL for longer periods. However, there was an associa-
tion between harder stones and higher CT values, which could be
helpful for clinicians in selecting appropriate lithotripsy tools to
improve SFR[65]. Therefore, it is imperative that these promising
findings be explored further.

Second, PCNL under ERAS can shorten the time of hospita-
lization, reduce postoperative complications and economic bur-
den, and benefit patients. Owing to the high heterogeneity among

the groups, we performed a subgroup analysis based on sample
size and stone location. In subgroup analyses, the group estimates
were similar, and publication bias was not observed. Our study
showed that the postoperative hospital stay in the ERAS group
was often shorter than that of the control group.

Traditionally, indwelling nephrostomy tubes after PCNL have
been considered helpful in pressing the puncture channel,
strengthening hemostasis, strengthening drainage, and reducing
the risk of urine extravasation and infection. However, indwel-
ling nephrostomy tubes increase patient discomfort, cause
breathing-related pain, hinder early exercise, require more pain-
killers, and increase the postoperative hospitalization time[66].
The ERAS procedure can reduce the duration of the indwelling
fistula, reduce pain, improve surgical acceptance, and reduce
adverse reactions[67]. In addition to alleviating pain, post-
operative active analgesia can reduce the adverse effects of
nephrostomy tube removal and urethral catheterization.
Consequently, some authors believe that removing the
nephrostomy tube early or even not having one will not increase
the risk of bleeding, infection, or urine extravasation[68]. In the
present study, the total incidence of postoperative complications
in the ERAS group was significantly lower than that in the con-
ventional group [RR=0.36, 95% CI= (0.29–0.43), P<0.001].
The primary consideration for clinical application is safety. An
increasing number of studies have shown that[69–71] the ERAS
program is promising.

Despite the wide development and use of ERAS in urology, this
review has several limitations. First, the publications included in
this review had a certain regional nature, among which only one
was in English and the rest in Chinese, which may have potential
publication bias. Second, in some of the included studies, allo-
cation concealment, blinding methods, and specific randomiza-
tion methods were not described, which may have reduced the
reliability of the results. Finally, the small sample size of the
studies reviewed and the poor quality of evidence limited this
review.

Figure 4. Funnel plot for the rate of complications.
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Conclusion

In conclusion, this meta-analysis indicates that ERAS imple-
mentation is safe and effective in percutaneous nephrolithotomy
and improves clinical outcomes such as operation time,
nephrostomy tube entrance time, urinary catheter entrance time,
complications, and length of stay without decreasing the stone-
free rate. Data from these studies can be important for improving
the quality of evidence so that PCNL protocols can be imple-
mented effectively in patients.
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