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Efficacy of erector spinae plane block for postoperative 
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Intro duction

Percutaneous nephrolithotomy (PCNL) is the most 
widely performed surgery for managing large (more than 

2  cm) and complex renal calculi. It has the advantage of 
being less invasive, with a significantly lower complication 
rate and rapid recovery profile as compared to the open 
approach.[1]
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Introduction: Erector spinae plane block (ESPB) is a relatively newer approach to the paraspinal fascial plane block. The 
analgesic efficacy of this block is presently being established in percutaneous nephrolithotomy (PCNL). This meta-analysis was 
designed to assess the effectiveness of ESPB as a perioperative analgesic technique when compared with conventional analgesia 
(control) in PCNL.
Material and Methods: We performed a systematic review and meta-analysis on the use of ESPB for perioperative analgesia 
in PCNL for renal stone disease. A systematic literature search was conducted in PubMed, Scopus, ProQuest, and EMBASE using 
the terms ((erector spinae plane block) AND ((Analgesia) OR (visual analogue scale) OR (VAS) OR (opioid*) OR (morphine) 
OR (tramadol))) AND ((percutaneous nephrolithotomy) OR (PCNL)) with an intention to include all the randomized studies 
comparing ESPB with the control group. The risk of bias was assessed using RoB2.
Results: A total of 187 records were identified and after the exclusions, a total of 10 trials (560 patients, 503 for primary 
outcome) were included. Pain scores were significantly lower in the ESPB group as compared to the control group except at the 
12th postoperative hour. There were significantly better pain scores at 24 h in the ESPB group as compared to the control group 
(Standardized mean difference (SMD) −0.46, 95% CI (−1.05, 0.13), moderate GRADE evidence). The total opioid consumption 
was significantly lower in the ESPB group (SMD −1.50, 95% CI (−1.7 to −1.29, moderate GRADE evidence).
Conclusions: ESPB is more effective than conventional analgesia in terms of postoperative opioid consumption after PCNL. 
Future studies should incorporate better double-blinding techniques, transparent reporting of methods, and sham controls (such 
as additional dressing post general anesthesia) which were lacking in the current studies.
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Post-PCNL pain may originate from sites other than the skin 
puncture site, such as the renal capsule and ureter.[2] The 
T10–11 nerve roots supply the majority of the cutaneous 
innervation of the PCNL incision and tract, which are often 
made from the subcostal or 11th or 10th intercostal regions.[3] 
The degree of pain would depend upon the number of ports, 
duration of surgery, disease burden, and individual patient 
sensitivity. Consequently, in the absence of regional anesthesia, 
this increases the need for systemic rescue analgesia which in 
the immediate postoperative phase involves the use of opioids 
and nonsteroidal anti-inflammatory drugs (NSAID).

NSAIDs, which could otherwise give effective analgesia, are not 
a sustainable option since they run the risk of causing renal damage 
especially since a subset of these individuals have deranged renal 
function. Opioids are associated with severe adverse effects such 
as nausea, vomiting, constipation, and respiratory depression. 
These side effects contribute to poor quality of care and can 
delay healing and discharge.[4] Multimodal postoperative 
pain management such as the additional use of pre-emptive 
regional analgesia can assist in lowering postoperative opioid 
and NSAID-related adverse effects. These techniques include 
epidurals, paravertebral nerve blocks (PVB), intercostal nerve 
blocks, and the new erector spine block (ESPB).[5]

ESPB is a relatively recent technique of paraspinal fascial 
plane block and has been utilized to provide effective pain 
management during abdominal and thoracic procedures.[6,7] 
In ESPB, local anesthetic is injected in the plane between 
the transverse process (TP) and the erector spinae muscle 
at a site away from the site of the intended surgical puncture 
while delivering substantial analgesia. The ability to provide 
regional analgesia using a site distant from the surgical site 
potentially avoids any local complications that might otherwise 
contraindicate puncturing at that point.[7–9] The effectiveness 
of ESPB in reducing postoperative opioid consumption has 
been studied in different surgical populations; however, very 
few individual studies to date have been powered to detect a 
difference in this outcome in PCNL.[10–13] However, the a priori 
power calculations even in these studies remain questionable. 
The question whether ESPB reduces postoperative opioid 
consumption in adults undergoing PCNL under general 
anesthesia remains unclear. Hence, this systematic review 
and meta-analysis was designed to examine the analgesic 
efficacy of perioperative ESPB in PCNL surgery in terms 
of postoperative opioid consumption.

Material and Methods

A systematic literature search followed by meta-analysis of 
quantitative data was performed using a frequentist approach. 

Standard Preferred reporting Items for Systematic reviews 
and Meta-analysis (PRISMA) guidelines were pursued 
while conducting this review. It was prospectively registered 
in PROSPERO (CRD42021246120).

Search strategy
Two investigators (APS and AS) independently searched 
PubMed, Scopus, Proquest, and EMBASE [Figure 1a] to 
identify published medical literature on the role of ESPB on 
postoperative analgesia in patients undergoing PCNL for renal 
stone disease. There was no language restriction, and conference 
abstracts were excluded. Additional articles were sought by 
hand searching from the references of the articles selected for full-
text review. The last search was conducted on August 12, 2023. 
Keywords and MeSH (Medical Subject Headings) terms were 
used in developing the search strategy. As an example (also 
see supplement), the PubMed search string was as follows: 
((erector spinae plane block) AND ((Analgesia) OR (visual 
analogue scale) OR (VAS) OR (opioid*) OR (morphine) 
OR (tramadol))) AND ((percutaneous nephrolithotomy) 
OR (PCNL)). References were stored and sorted in Zotero 
desktop 6.026 (Corporation for Digital Scholarship, Roy 
Rosenzweig Centre for History and New Media, George 
Mason University, Fairfax, VA 22030, United States).

Selection criteria
For this review, we included randomized studies (Study design 
– S) comparing the use of ESPB (Intervention – I) with 
conventional analgesia (Comparison – C) arm for patients 
undergoing PCNL for renal stone disease (Participants – P) 
in terms of postoperative analgesic consumption and pain 
scores at different time points (Outcomes – O). The included 
study was required to provide data on the use of perioperative 
ESPB in PCNL for pain control, including the pain scores 
and total analgesic consumption. Nonrandomized or quasi-
randomized controlled studies, reviews, letters, case reports, 
and case series were excluded. Three authors (AS, APS, 
VG) performed title and abstract screening. Articles were 
then selected for full-text review. Disputes or ties about the 
inclusion or exclusion of a study were addressed by arbitration 
by the remaining review authors (PV, NN, NK).

Outcomes
Primary and secondary outcomes
The primary outcome of this study was postoperative opioid 
consumption. Secondary outcomes included pain scores 
(Visual Analogue Scale (VAS) or Numeric Rating Scale 
(NRS)) after surgery at various time points.

The time points for the pain scores were defined as follows:
a.	 0 h – immediately after extubation or within 30 min of 

PACU (post anesthesia care unit) arrival
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b.	 1 h – 1 h after extubation
c.	 6 h – 6 h after extubation
d.	 12 h – 12 h after extubation
e.	 24 h – 24 h after extubation or postoperative day 1.

Risk of bias
The assessment of bias was conducted with the Cochrane risk 
of bias tool for randomized controlled trials. In accordance 
with PRISMA guidelines, two study authors (PS and NN) 
independently assessed the risk of bias across the six domains, 
and a third author was consulted in the event of a discrepancy 
(PV).

Data extraction
Two review investigators (VG and RG) independently 
reviewed the entire texts of all the included papers. The data 
from each of these studies were then extracted into a predefined 
template, which included the first author’s name, year, country 
of origin, type of study, age group, gender distribution, and 
the intervention drug used for ESPB. In addition, data for 
quantitative evaluation of primary and additional outcome 
factors were collected and reviewed for consistency. In the 
event of a discrepancy, the data were rechecked, and a third 

investigator (GS) functioned as the deciding element in the 
event of a subjective tie. If data could not be extracted from the 
full-text or the accompanying images (figures), we contacted 
the respective study authors via email.

Statistical analysis
Statistical analysis was performed using the RevMan 5.2TM 
(the Cochrane Collaboration, Copenhagen, Denmark) and the 
“metafor” package in R (RStudio Team (2023). RStudio: 
Integrated Development for R. Rstudio, PBC, Boston, MA 
URL http://www.rstudio.com/.; R version 4.2.3 (2023-03-
15 ucrt)). Chi2 and I2 tests were used to assess heterogeneity 
across each variable in the quantitative analysis. Due to the 
presence of significant heterogeneity (defined by I2 >50%, 
or a P  <  0.10 in the Chi2 test for heterogeneity, as well 
as methodological inconsistencies, and since there were 
differences in the pain scores and analgesics used, random 
effects model (inverse variance) was used to analyze each 
outcome. For continuous variables, standard mean difference 
(SMD) was used as an effect measure as there was a difference 
in the scoring methods (some authors used NRS while others 
used VAS) and the type of analgesic used (tramadol and 
morphine). According to the formulae outlined by Wan et al., 

Figure 1: (a) Study flow diagram (PRISMA); (b)Risk of bias summary of included studies

ba

http://www.rstudio.com/


Singh, et al.: Erector spinae plane block for analgesia after percutaneous nephrolithotomy

Journal of Anaesthesiology Clinical Pharmacology | Volume 41 | Issue 1 | January-March 2025 65

the median and interquartile range (IQR) were converted to 
the mean and standard deviation.[14,15] Data from images, 
when there was no response to three emails to the concerned 
author, were extracted using the “juicr” package from R.[16] 
In each outcome of interest, the data that were missing, after 
nonresponse to author emails, and could not be extracted from 
figures were not included in quantitative synthesis. Standard 
errors were converted to standard deviations using formulae as 
suggested by Cochrane Handbook 5.1.[17] Contour-enhanced 
funnel plot and Egger’s test for funnel plot asymmetry were 
used to look for publication bias. Based on the presence or 
absence of publication bias, a subgroup analysis was performed 
for the primary outcome. A leave-one-out sensitivity analysis 
was performed to evaluate the reliability of the generated 
evidence and the effect of missing results.

Results

Search protocol and study selection
A literature search of the four databases listed above produced 
a total of 187 articles. Of these 187 articles, 60 duplicates 
were deleted, and the titles and abstracts of the remaining 
127 articles were reviewed. One hundred sixteen articles were 
eliminated because they did not meet the inclusion criteria, 
leaving 11 for full-text review [Figure 1a]. One of them was 
omitted due to a different control group. [Figure 1a].

Study characteristics
A total of 286 records were identified, and following 
exclusions, the eligibility of 11 full-text reports was evaluated. 
Ten were included in the quantitative synthesis after full-text 
evaluations.[10–12,18–24] The study characteristics are outlined 
in Table 1. Outcomes studied across the studies were either 
pain scores and total dose of conventional analgesics such as 
tramadol, morphine, and paracetamol. The study level details 
of the ESPB blocks are depicted in Table 1.

Risk of bias
The risk of bias was assessed using the tools in Review 
Manager 5.3 and updated to RoB2. This has been graphically 
presented in Figure 1b.[25] “High risk of bias” was assigned 
when study characteristics have not been mentioned or 
when they have been mentioned wrong. “Some concerns” 
was assigned when the study characteristics were partially 
mentioned in the respective article. RoB2 was assessed by two 
independent investigators (APS and AS) and in case of ties 
a third investigator (NN) settled the disputes.

Outcomes
Total opioid consumption
The total opioid consumption was significantly lower in the 
ESPB group as compared to the conventional analgesia group 

(SMD −1.36, 95% CI (−2.12 to −0.59). However, the 
heterogeneity was high (I2 = 90%). On removing studies 
with publication bias, this effect came to an SMD of −2.24, 
95% CI of −2.55 to −1.92 with an I2 of 0 [Figure 2]. The 
standardized mean difference (effect estimate) and a random 
effects model were used as different opioids were used for 
rescue analgesia. Eight studies reported the use of tramadol, 
while one study reported the use of nalbuphine and morphine 
[Table 1]. The postoperative analgesic requirement in one 
of the studies was reported as number of doses rather than 
the dose of tramadol and hence was not used for quantitative 
synthesis.[20]

Pain scores
The common end points at which the scores were taken 
were 0, 1, 6, 12, and 24 h. At each point, the pain scores 
were significantly lower in the ESPB group as compared to 
the conventional analgesia group except at 12 h [Figure 3]. 
A  summary of findings table has also been provided with 
GRADE (Grading of Recommendations Assessment, 
Development and Evaluation) quality in Table 2.

Sensitivity analysis
Sensitivity analysis analyzing the effect of removing single 
studies from the group did not show a significant change 
in the magnitude or direction of this effect [Figure 4]. This 
shows that our conclusion is robust given the available data. 
Hence, ESPB effectively reduces analgesic consumption in 
the postoperative period. The pain scores at 24 h were also 
significantly lower in the ESPB group (SMD −0.47, 95% 
CI (−0.71 to −0.23). [Figure 2]. Sensitivity analysis of 
this outcome at 24 h also shows us that this beneficial effect 
of ESPB is reliable. 

Discussion

From our results, we found that ESPB reduced opioid 
consumption in PCNL by a large effect size; however, 
the GRADE of the evidence was moderate in view of 
heterogeneity and publication bias [Table 2]. This analgesic 
effect of ESPB was also reflected by the lower pain scores 
across varying time points across the majority of the included 
studies.

Pain in the postoperative period is known to affect the 
quality of life with anxiety and several negative aspects 
such as prolonged bed rest, immobilization, and increased 
postoperative complications.[26–29] In the era of ERAS 
(enhanced recovery after surgery), adequate postoperative 
analgesia would no doubt logically lead to early mobilization, 
and a lesser duration of hospital stay. The advent of ultrasound-
guided regional anesthesia has facilitated the placement of 
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Figure 2: (2.1) Forest plot of comparison: ESPB Vs Control, outcome: Postoperative Opioid consumption, subgrouped by publication bias; (2.2) Contour-enhanced 
funnel plot demonstrating publication bias through asymmetry (labelled studies); SMD – Standardized Mean Difference

otherwise technically difficult blocks enabling anesthesia care 
providers to give potentially better analgesia to their patients.

With respect to pain scores, Unal et al.[20] demonstrated that 
pain during deep inspiration and cough (dynamic VAS) was 
lower in the ESPB group compared to controls. There was, 
however, no difference in the time to mobilization or length 
of hospital stay. In the study by Ramachandran et al.,[21] 
patients receiving ESPB block had significantly lower NRS 
scores at intervals of 30 min, 60 min, hourly for 6 h, and 
four hourly till 24 h as compared to group receiving local 
site infiltration. ESPB also reduced intraoperative fentanyl 
consumption, lowered postoperative pain scores at 2 and 12 h, 
and increased time to first use of rescue analgesia.[12] Similarly, 
Gultekin et al.[18] found that the first rescue analgesic was 
applied after 172.33 ± 180.5 min in the ESPB group and 
after 84.33 ± 71.12 min in the control group with a lower 
use of tramadol and paracetamol in the ESPB group. These 
findings further provide support to the observation that ESPB 
reduces postoperative pain scores while increasing the time to 
first postoperative analgesic consumption.

Most of the included studies reported a higher incidence of 
nausea and vomiting in the control group. Bryniarski et al.[22] 
reported 17.6% incidence of nausea and vomiting in the 
ESPB group against a 14.7% incidence in the control group. 
Ibrahim et al.[12] reported a 24% and 28% incidence of nausea 
and vomiting, respectively, in the ESPB group against a more 
than 70% incidence of these events in the control group. In the 
study by Prasad et al.,[19] nausea and vomiting occurred only 
in the control group (6%). However one of the studies showed 
that the number of patients with nausea was higher by 1 in the 
ESPB group, although this was not statistically significant.[21] 
Patient satisfaction scores were better in the ESPB group than 
in the control group.[12,19,24] These findings suggest that ESPB 
provided adequate postoperative analgesia while facilitating 
a reduction in postoperative opioid consumption and the 
opioid-associated adverse effects of nausea and vomiting. 
This probably improved the perceived quality of care and 
contributed to better patient satisfaction scores.

To obtain appropriate analgesia for PCNL, both somatic and 
visceral nerves that innervate skin, muscle, kidneys, and ureters 
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Figure 3: (3.1 to 3.5) Forest plot of comparison: ESPB Vs Control, outcome: Pain scores at time points in order immediately after extubation (end of anesthesia – 0 h), 
1, 6, 12, and 24 h after extubation, respectively

must be blocked.[30] Despite its 2016 inception, ESPB’s mode 
of action is the subject of significant dispute. Initial cadaveric 
investigations revealed that the deposition of either dye below the 
erector spinae muscles resulted in a wide cephalocaudal distribution 
of the dye/contrast, as well as subsequent dissemination into the 
epidural, paravertebral, and intercostal areas.[30] This could likely 
explain the block’s effectiveness.

Paravertebral blocks have long been demonstrated to reduce 
postoperative opioid consumption and consequently the 

adverse effects of these agents.[31] However, the placement of 
these para-neuraxial techniques requires well-trained medical 
personnel as there is a risk of significant complications such as 
pneumothorax (0.5–2.58%), local anesthetic systemic toxicity, 
etc.[32,33] To maintain the benefits of regional anesthesia while 
diminishing the possible complications, fascial plane blocks 
were evaluated and proved effective in multiple populations. 
Pioneer studies have shown their efficacy in ventral hernia 
or mastectomy.[34] ESPB has also been associated with a 
33% higher block success rate and a zero complication rate 
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compared to PVB.[35] Fascial plane blocks are regarded as a 
safe procedure; however, complications such as pneumothorax 
or artery puncture rarely occur.[36] None of the included studies 
in this systematic review reported block associated side effects 
such as pneumothorax or local anesthetic systemic toxicity 
demonstrating the relative safety of ultrasound guided ESPB. 
This absence of complications could be because in ESPB the 
operator targets a bony landmark (TP) with a hard stop to 
reach the fascial plane. This provides a larger margin of safety 
compared to the small paravertebral space between the TP 
and the pleura in PVB. Underreporting of complications, 
however, cannot be ruled out.

Future studies should focus more on the reporting of both 
block-related and postoperative opioid-related adverse events, 
incorporate better double-blinding techniques, perhaps include 
sham controls in the form of an additional dressing (without 
needling for ethical reasons), which were deficient in the 
current studies. In addition, examining the learning curve for 
ESPB in naïve operators may also be useful. The limitation 
of our analysis is the high heterogeneity. This is probably 
because of the type, timing, and dose of local anesthesia 
used for the ESPB. Some studies have presented the effect 
estimates as median [IQR], while others have mentioned these 
as mean (SD) for outcomes such as pain scores measured 
on VAS (continuous) or NRS (ordinal). Uniform scales of 
measurement (in terms of central tendency and dispersion) 
across studies would facilitate more meaningful combination 
of the effect estimates in future meta-analyses should more 
robust estimates be required. Few studies have compared 
paravertebral blocks with ESPBs. Given the increased 
risk profile of paravertebral blocks, we advocate conducting 
additional research to evaluate whether or not ESPBs are 
equivalent to paravertebral blocks in terms of analgesia in 
various settings. Although it is quite likely that the ESPB is 
a safer extension of the paravertebral block, more research is 
necessary to understand its precise efficacy and mode of action.

Conclusions

ESPB is associated with lower opioid consumption and is 
more effective than conventional analgesia for pain relief after 
PCNL in the first 24 postoperative hours. The certainty of 
this evidence, however, remains moderate. Future studies 
should focus on adverse event reporting, and incorporate 
better double-blinding techniques, and sham controls (such as 
additional dressing) which were lacking in the current studies.

Author contributions
Ajay Singh, Aditya Prakash Sharma, and Narendar Kaloria 
were involved in conceptualization, designing the study, Ta

b
le

 1
: 

C
o

n
td

..
.

A
u

th
o

r/
Ye

a
r

S
a
m

p
le

 s
iz

e 
in

 E
S
P

B
/

N
o

n
 E

S
P

B
 

g
ro

u
p

T
im

in
g
 

o
f 

b
lo

ck
 

p
la

ce
m

en
t

L
o

ca
l 

a
n

a
es

th
et

ic
 

u
se

d
S
p

ec
if

ic
 

a
n

a
lg

es
ia

/
sh

a
m

 b
lo

ck
 i

n
 

n
o

n
‑E

S
P

B
 g

ro
u

p

In
tr

a
o

p
er

a
ti

ve
 

a
n

a
lg

es
ia

P
o

st
o

p
er

a
ti

ve
/

re
sc

u
e 

a
n

a
lg

es
ia

C
o

m
p

li
ca

ti
o

n
s

C
o

m
m

en
ts

B
ilg

in
 e

t 
al

. 
20

22
32

/3
2

A
ft

er
 g

en
er

al
 

an
es

th
es

ia
 

be
fo

re
 s

ur
ge

ry
 

at
 T

7 
– 

T1
0 

ve
rt

eb
ra

 le
ve

ls

20
 c

c 
0.

25
%

 
B

up
iv

ac
ai

ne
 (

U
SG

)
N

on
e

R
em

if
en

ta
ni

l 
(i

nd
uc

ti
on

 a
nd

 
m

ai
nt

en
an

ce
)

Pa
ra

ce
ta

m
ol

Pa
ra

ce
ta

m
ol

 q
8h

.
Tr

am
ad

ol
 (

1 
m

g/
kg

) 
as

 r
es

cu
e

N
o 

co
m

pl
ic

at
io

ns
O

pe
n 

la
be

l, 
ad

di
ti

on
al

 d
os

e 
of

 b
up

iv
ac

ai
ne

 t
hr

ou
gh

 E
SP

B
 

ca
th

et
er

 a
t 

th
e 

6th
 h

ou
r 

po
st

 o
p

Pa
nd

ey
 e

t 
al

. 
20

23
30

/3
0

A
t 

th
e 

en
d 

of
 s

ur
ge

ry
 

un
de

r 
ge

ne
ra

l 
an

es
th

es
ia

 a
t 

T9
 le

ve
l

C
om

bi
na

ti
on

 o
f 1

0 
cc

 
0.

5%
 b

up
iv

ac
ai

ne
, 5

 
cc

 2
%

 L
id

oc
ai

ne
, 1

 m
l 

(5
0 

µg
) 

of
 fe

nt
an

yl
, 4

 
m

l s
al

in
e.

 (
U

SG
)

20
 c

c 
no

rm
al

 s
al

in
e 

as
 p

la
ce

bo
 (

U
SG

)
Fe

nt
an

yl
 2

 µ
g/

kg
, 

Pa
ra

ce
ta

m
ol

 1
5 

m
g/

kg

Tr
am

ad
ol

 1
00

 m
g 

(u
p 

to
 4

00
 m

g)
 a

s 
re

sc
ue

N
o 

co
m

pl
ic

at
io

ns

CT
RI

 –
 C

lin
ic

al
 T

ri
al

s 
Re

gi
st

ry
 In

di
a,

 E
SP

B 
– 

Er
ec

to
r 

Sp
in

ae
 P

la
ne

 B
lo

ck
, U

SG
 –

 U
ltr

as
ou

nd
 G

ui
de

d,
 V

A
S 

‑ V
is

ua
l A

na
lo

gu
e 

Sc
al

e



Singh, et al.: Erector spinae plane block for analgesia after percutaneous nephrolithotomy

70 Journal of Anaesthesiology Clinical Pharmacology | Volume 41 | Issue 1 | January-March 2025

Ta
b

le
 2

: 
S
u

m
m

a
ry

 o
f 

fi
n

d
in

g
s

O
u

tc
o

m
es

A
n

ti
ci

p
a
te

d
 a

b
so

lu
te

 e
ff

ec
ts

* 
(9

5
%

 C
I)

 
N

o
. 
o

f 
p

a
rt

ic
ip

a
n

ts
 

(s
tu

d
ie

s)

C
er

ta
in

ty
 o

f 
th

e 
ev

id
en

ce
 (

G
R

A
D

E
)

C
o

m
m

en
ts

R
is

k
 o

f 
b

ia
s

In
co

n
si

st
en

cy
Im

p
re

ci
si

o
n

In
d

ir
ec

tn
es

s

R
is

k
 w

it
h

 
C

o
n

ve
n

ti
o

n
a
l 

Pa
in

 
M

a
n

a
g
em

en
t

R
is

k
 w

it
h

 
E

S
P

B

Pa
in

 s
co

re
s 

at
 t

im
e 

0 
(f

ro
m

 e
xt

ub
at

io
n 

ti
ll 

fi
rs

t 
30

 m
in

 o
f 

th
e 

po
st

op
er

at
iv

e 
ph

as
e)

 

Th
e 

m
ea

n 
pa

in
 s

co
re

s 
ra

ng
ed

 fr
om

 3
.0

9 
to

 
4.

96

SM
D

 1
.3

0 
lo

w
er

 
(1

.5
6 

lo
w

er
 t

o 
1.

04
 lo

w
er

) 

28
8 

(5
 R

C
Ts

) 
⨁
⨁
⨁
⨁

 
H

IG
H

[1
,6

,7
]  

H
om

og
en

ou
s 

re
su

lt
s.

 I2  
of

 0
%

. P
 

va
lu

e 
fo

r 
he

te
ro

ge
ne

it
y=

0.
60

Se
ri

ou
s

N
ot

 s
er

io
us

N
ot

 s
er

io
us

N
ot

 s
er

io
us

Pa
in

 a
t 

1 
ho

ur
s 

 
Th

e 
m

ea
n 

pa
in

 s
co

re
s 

ra
ng

ed
 fr

om
 1

.9
7 

to
 

5.
07

SM
D

 0
.7

0 
lo

w
er

 
(0

.9
9 

lo
w

er
 t

o 
0.

42
 lo

w
er

) 

29
8 

(5
 R

C
Ts

) 
⨁
⨁
⨁

 
M

O
D

ER
AT

E[1
,3

,7
]

M
od

er
at

e 
I2  

of
 3

7%
. P

 v
al

ue
 fo

r 
he

te
ro

ge
ne

it
y=

0.
19

Se
ri

ou
s

N
ot

 s
er

io
us

Se
ri

ou
s

N
ot

 s
er

io
us

Pa
in

 s
co

re
s 

at
 

6 
ho

ur
s 

 
Th

e 
m

ea
n 

pa
in

 s
co

re
s 

ra
ng

ed
 fr

om
 2

.6
1 

to
 

5.
33

SM
D

 0
.7

3 
lo

w
er

 
(1

.3
4 

lo
w

er
 t

o 
0.

12
 lo

w
er

) 

41
5 

(7
 R

C
Ts

) 
⨁
⨁
⨁

 
LO

W
[1

-3
,7

]

Su
bs

ta
nt

ia
lly

 h
et

er
og

en
ou

s 
re

su
lt

. I
2  

of
 9

9%
. P

 v
al

ue
 fo

r 
he

te
ro

ge
ne

it
y 

<
0.

00
00

1

Se
ri

ou
s

Se
ri

ou
s

Se
ri

ou
s

N
ot

 s
er

io
us

Pa
in

 s
co

re
s 

at
 

12
 h

ou
rs

Th
e 

m
ea

n 
pa

in
 s

co
re

s 
ra

ng
ed

 fr
om

 2
 t

o 
5.

48

SM
D

 0
.4

6 
lo

w
er

 
(1

.0
5 

lo
w

er
 t

o 
0.

13
 h

ig
he

r)
 

44
1 

(8
 R

C
Ts

) 
⨁
⨁

 
LO

W
[1

-3
,7

]

Su
bs

ta
nt

ia
lly

 h
et

er
og

en
ou

s 
re

su
lt

. I
2  

of
 8

9%
. P

 v
al

ue
 fo

r 
he

te
ro

ge
ne

it
y 

<
0.

00
00

1

Se
ri

ou
s

Se
ri

ou
s

Se
ri

ou
s

N
ot

 s
er

io
us

Pa
in

 s
co

re
s 

at
 

24
 h

ou
rs

  
Th

e 
m

ea
n 

pa
in

 s
co

re
s 

ra
ng

ed
 fr

om
 1

 t
o 

3.
27

SM
D

 0
.4

7 
lo

w
er

 
(0

.7
1 

lo
w

er
 t

o 
0.

23
 lo

w
er

) 

44
8 

(8
 R

C
Ts

) 
⨁
⨁
⨁

 
M

O
D

ER
AT

E[1
,3

,7
] 

M
od

er
at

e 
I2  

 o
f 3

8%
. P

 v
al

ue
 fo

r 
he

te
ro

ge
ne

it
y=

0.
27

Se
ri

ou
s

N
ot

 s
er

io
us

Se
ri

ou
s

N
ot

 s
er

io
us

Po
st

op
er

at
iv

e 
O

pi
oi

d 
co

ns
um

pt
io

n

Th
e 

m
ea

n 
do

se
 o

f 
op

io
id

s 
co

ns
um

ed
 

ra
ng

ed
 fr

om
 2

8.
4 

to
 3

50

SM
D

 1
.5

 lo
w

er
 

(1
.7

 lo
w

er
 t

o 
1.

29
 lo

w
er

) 

50
3 

(9
 R

C
Ts

) 
⨁
⨁
⨁

 
M

O
D

ER
AT

E[1
,2

,5
-7

]

I2  
of

 9
0%

. P
 v

al
ue

 fo
r 

he
te

ro
ge

ne
it

y 
<

0.
00

00
1.

 
ES

PB
 r

es
ul

ts
 in

 la
rg

e 
re

du
ct

io
n 

in
 p

os
to

pe
ra

ti
ve

 O
pi

oi
d 

co
ns

um
pt

io
n 

a.
 W

he
n 

st
ud

ie
s 

w
it

h 
pu

bl
ic

at
io

n 
bi

as
 w

er
e 

re
m

ov
ed

 fr
om

 t
he

 a
na

ly
si

s 
I2  

w
as

 0
 a

nd
 t

he
 r

es
ul

ts
 s

ti
ll 

fa
vo

ur
ed

 E
SP

B
. [

Fi
gu

re
 2

]

Se
ri

ou
s

N
ot

 s
er

io
us

 
af

te
r 

re
m

ov
in

g 
st

ud
ie

s 
w

it
h 

pu
bl

ic
at

io
n 

bi
as

N
ot

 s
er

io
us

N
ot

 s
er

io
us

Ex
pl

an
at

io
ns

: a
. T

hi
s,

 h
ow

ev
er

, i
nc

lu
de

s 
a 

co
m

bi
na

ti
on

 o
f m

or
ph

in
e 

an
d 

tr
am

ad
ol

. H
en

ce
, s

ta
nd

ar
di

ze
d 

m
ea

n 
di

ffe
re

nc
es

 h
av

e 
be

en
 u

se
d 

fo
r 

co
m

pa
ri

so
n.

 *
Th

e 
ri

sk
 in

 t
he

 in
te

rv
en

ti
on

 g
ro

up
 (

an
d 

it
s 

95
%

 c
on

fid
en

ce
 in

te
rv

al
) 

is
 

ba
se

d 
on

 t
he

 a
ss

um
ed

 r
is

k 
in

 t
he

 c
om

pa
ri

so
n 

gr
ou

p 
an

d 
th

e 
re

la
ti

ve
 e

ffe
ct

 o
f t

he
 in

te
rv

en
ti

on
 (

an
d 

it
s 

95
%

 C
I)

. T
ab

le
 g

en
er

at
ed

 fr
om

 G
RA

D
Ep

ro
 G

D
T:

 G
RA

D
Ep

ro
 G

ui
de

lin
e 

D
ev

el
op

m
en

t 
To

ol
 [

So
ft

w
ar

e]
. M

cM
as

te
r 

U
ni

ve
rs

it
y,

 
20

20
 (

de
ve

lo
pe

d 
by

 E
vi

de
nc

e 
Pr

im
e,

 In
c.

).
 A

va
ila

bl
e 

fr
om

 g
ra

de
pr

o.
or

g.
 C

I:
 C

on
fid

en
ce

 in
te

rv
al

; E
SP

B:
 E

re
ct

or
 S

pi
na

e 
Pl

an
e 

Bl
oc

k;
 S

M
D

: S
ta

nd
ar

di
ze

d 
m

ea
n 

di
ffe

re
nc

e.
 G

RA
D

E 
(G

ra
di

ng
 o

f R
ec

om
m

en
da

ti
on

s 
As

se
ss

m
en

t,
 

D
ev

el
op

m
en

t 
an

d 
Ev

al
ua

ti
on

) 
W

or
ki

ng
 G

ro
up

 g
ra

de
s 

of
 e

vi
de

nc
e.

 H
ig

h 
ce

rt
ai

nt
y:

 W
e 

ar
e 

ve
ry

 c
on

fid
en

t 
th

at
 t

he
 t

ru
e 

ef
fe

ct
 li

es
 c

lo
se

 t
o 

th
at

 o
f t

he
 e

st
im

at
e 

of
 t

he
 e

ffe
ct

. M
od

er
at

e 
ce

rt
ai

nt
y:

 W
e 

ar
e 

m
od

er
at

el
y 

co
nf

id
en

t 
in

 
th

e 
ef

fe
ct

 e
st

im
at

e:
 T

he
 t

ru
e 

ef
fe

ct
 is

 li
ke

ly
 t

o 
be

 c
lo

se
 t

o 
th

e 
es

ti
m

at
e 

of
 t

he
 e

ffe
ct

, b
ut

 t
he

re
 is

 a
 p

os
si

bi
lit

y 
th

at
 it

 is
 s

ub
st

an
ti

al
ly

 d
iff

er
en

t.
 L

ow
 c

er
ta

in
ty

: O
ur

 c
on

fid
en

ce
 in

 t
he

 e
ffe

ct
 e

st
im

at
e 

is
 li

m
it

ed
: T

he
 t

ru
e 

ef
fe

ct
 m

ay
 

be
 s

ub
st

an
ti

al
ly

 d
iff

er
en

t 
fr

om
 t

he
 e

st
im

at
e 

of
 t

he
 e

ffe
ct

. V
er

y 
lo

w
 c

er
ta

in
ty

: W
e 

ha
ve

 v
er

y 
lit

tle
 c

on
fid

en
ce

 in
 t

he
 e

ffe
ct

 e
st

im
at

e:
 T

he
 t

ru
e 

ef
fe

ct
 is

 li
ke

ly
 t

o 
be

 s
ub

st
an

ti
al

ly
 d

iff
er

en
t 

fr
om

 t
he

 e
st

im
at

e 
of

 e
ffe

ct
. R

ea
so

ns
 fo

r 
do

w
ng

ra
di

ng
: 1

. H
ig

h 
ri

sk
 o

f b
ia

s 
(m

et
ho

d 
of

 r
an

do
m

 s
eq

ue
nc

e 
ge

ne
ra

ti
on

 n
ot

 m
en

ti
on

ed
, a

llo
ca

ti
on

 c
on

ce
al

m
en

t 
no

t 
m

en
ti

on
ed

, b
lin

di
ng

 o
ut

 o
ut

co
m

e 
as

se
ss

m
en

t 
w

as
 u

nc
le

ar
, i

nc
om

pl
et

e 
ou

tc
om

e 
da

ta
).

 2
. I

nc
on

si
st

en
cy

 (
I2  

>
50

%
 a

nd
 P

<
0.

10
, u

se
 o

f a
dd

it
iv

es
 o

r 
m

ix
tu

re
 o

f l
oc

al
 a

ne
st

he
ti

cs
).

 3
. I

m
pr

ec
is

io
n 

(9
5%

 C
I c

ro
ss

in
g 

SM
D

 o
f−

0.
5,

 m
od

er
at

e 
ef

fe
ct

 a
s 

pe
r 

H
ed

ge
’s 

g)
. 4

. I
nd

ir
ec

tn
es

s 
of

 e
vi

de
nc

e 
(d

iff
er

en
t 

ag
e 

of
 p

op
ul

at
io

n,
 d

iff
er

en
ce

 in
 

co
m

or
bi

di
ty

 p
ro

fil
e,

 d
iff

er
en

ce
 in

 p
re

op
er

at
iv

e 
an

xi
et

y 
sc

or
es

 if
 m

en
ti

on
ed

, a
dd

it
io

na
l s

pi
na

l a
ne

st
he

si
a,

 a
dd

it
io

na
l l

oc
al

 in
fil

tr
at

io
n)

. 5
. P

ub
lic

at
io

n 
bi

as
 (

as
se

ss
ed

 u
si

ng
 F

un
ne

l p
lo

t 
as

ym
m

et
ry

).
 R

ea
so

ns
 fo

r 
up

gr
ad

in
g:

 6
. L

ar
ge

 
m

ag
ni

tu
de

 o
f e

ffe
ct

 (
SM

D
 t

o 
th

e 
le

ft
 o

f−
0.

8,
 la

rg
e 

ef
fe

ct
 a

s 
pe

r 
H

ed
ge

’s 
g)

. 7
. O

pp
os

in
g 

pl
au

si
bl

e 
re

si
du

al
 b

ia
s 

an
d 

co
nf

ou
nd

in
g 

(T
he

 s
tu

di
es

 d
id

 n
ot

 m
en

ti
on

 t
he

 s
to

ne
 b

ur
de

n 
or

 e
xt

en
t 

of
 d

is
se

ct
io

n 
in

vo
lv

ed
 if

 a
ny

; h
ow

ev
er

, t
he

 
du

ra
ti

on
 o

f s
ur

ge
ry

 w
as

 c
om

pa
ra

bl
e 

ac
ro

ss
 m

os
t 

st
ud

ie
s 

an
d 

he
nc

e 
th

es
e 

ar
e 

un
lik

el
y 

to
 a

ffe
ct

 t
he

 t
ru

e 
ef

fe
ct

 e
st

im
at

e)



Singh, et al.: Erector spinae plane block for analgesia after percutaneous nephrolithotomy

Journal of Anaesthesiology Clinical Pharmacology | Volume 41 | Issue 1 | January-March 2025 71

literature search, manuscript writing, and editing. Venkata 
Ganesh, Gopal Sharma, and Rekha Gupta were involved in 
data extraction, data analysis, interpretation, and manuscript 
editing. Prerna Varma, Priyanka Sethi, and B Naveen Naik 
were involved in risk of bias assessment and manuscript writing 
and revision. All authors were involved in manuscript revision 
and final approval of the manuscript.

Data availability statement
The data is available on appropriate request to the 
corresponding author. The data has not been deposited in 
any repository.

Financial support and sponsorship
Nil.

Conflicts of interest
There are no conflicts of interest.

References

1.	 Antonelli JA, Pearle MS. Advances in percutaneous nephrolithotomy. 
Urol Clin North Am 2013;40:99–113.

2.	 Dalela D, Goel A, Singh P, Shankhwar SN. Renal capsular block: 
A novel method for performing percutaneous nephrolithotomy 
under local anaesthesia. J Endourol 2004;18:544–6.

3.	 Liu Y, Yu X, Sun X, Ling Q, Wang S, Liu J. Paravertebral block 
for surgical anaesthesia of percutaneous nephrolithotomy: Care-
compliant 3 case reports. Medicine (Baltimore) 2016;95:4156.

4.	 Hamilton DL, Manickam B. Erector spinae plane block for pain 
relief in rib fractures. Br J Anaesth 2017;118:474–5.

5.	 Ueshima H, Otake H. Similarities between the retrolaminar and 
erector spinae plane blocks. Reg Anesth Pain Med 2017;42:123–4.

6.	 Forero M, Adhikary SD, Lopez H, Tsui C, Chin KJ. The erector spinae 
plane block: A novel analgesic technique in thoracic neuropathic 
pain. Reg Anaesth Pain Med 2016;41:621–7.

7.	 El‐Boghdadly K, Pawa A. The erector spinae plane block: Plane 
and simple. Anaesthesia 2017;72:434–8.

8.	 Parikh GP, Shah VR, Modi MP, Chauhan NC. The analgesic efficacy 
of peritubal infiltration of 0.25% bupivacaine in percutaneous 
nephrolithotomy ‐‐‐ A prospective randomized study. J Anaesthesiol 
Clin Pharmacol 2011;27:481–4.

9.	 Forero M, Rajarathinam M, Adhikary S, Chin KJ. Continuous 
erector spinae plane block for rescue analgesia in thoracotomy 
after epidural failure: A case report. A Case Rep 2017;8:254–6.

10.	 Bilgin MU, Tekgül ZT, Değirmenci T. The efficacy of erector spinae 
plane block for patients undergoing percutaneous nephrolithotomy. 
Turk J Anaesthesiol Reanim 2023;51:179–87.

11.	 Sarkar S, Jena SS, Nayak P, Mitra JK. Postoperative pain relief 
following lumbar erector spinae plane block in patients undergoing 
percutaneous nephrolithotomy: A  randomized controlled trial. 
Urology 2022;160:69–74.

12.	 Ibrahim M, Elnabtity AM. Analgesic efficacy of erector spinae plane 
block in percutaneous nephrolithotomy: A randomized controlled 
trial. Anaesthesist 2019;68:755–61.

13.	 Huang J, Liu JC. Ultrasound-guided erector spinae plane block for 
postoperative analgesia: A meta-analysis of randomized controlled 
trials. BMC Anesthesiol 2020;20:83.

14.	 Wan X, Wang W, Liu J, Tong T. Estimating the sample mean and 
standard deviation from the sample size, median, range and/or 
interquartile range. BMC Med Res Methodol 2014;14:135.

15.	 McGrath S, Zhao X, Steele R, Benedetti A. Estmeansd: Estimating 
the sample mean and standard deviation from commonly reported 
quantiles in meta-analysis. 2020. Available from: https://CRAN.R-
project.org/package=estmeansd. [Last accessed on 2021 Jul 27].

16.	 Lajeunesse MJ. Juicr: Automated and Manual Extraction of 
Numerical Data from Scientific Images. 2021. Available from: 
https://CRAN.R-project.org/package=juicr. [Last accessed on 
2021 Sep 28].

17.	 Chocrane Group.  7.7.3.2 Obtaining standard deviations from 
standard errors and confidence intervals for group means. Available 

Figure 4: Sensitivity analysis: Leave one out analysis for ESPB Vs Control, outcome: postoperative opioid consumption

https://CRAN.R-project.org/package=estmeansd
https://CRAN.R-project.org/package=estmeansd
https://CRAN.R-project.org/package=juicr


Singh, et al.: Erector spinae plane block for analgesia after percutaneous nephrolithotomy

72 Journal of Anaesthesiology Clinical Pharmacology | Volume 41 | Issue 1 | January-March 2025

from: https://handbook-5-1.cochrane.org/chapter_7 / 7_7_3_2_
obtaining_standard_deviations_from_standard_errors_and.htm. 
[Last accessed on 2021 Jul 27].

18.	 Gultekin MH, Erdogan A, Akyol F. Evaluation of the efficacy of 
the erector spinae plane block for postoperative pain in patients 
undergoing percutaneous nephrolithotomy: A  randomized 
controlled trial. J Endourol 2020;34:267–72.

19.	 Prasad MK, Varshney RK, Jain P, Choudhary AK, Khare A, 
Jheetay GS. Postoperative analgesic efficacy of fluoroscopy-guided 
erector spinae plane block after percutaneous nephrolithotomy 
(PCNL): A  randomized controlled study. Saudi J Anaesth 
2020;14:480–6.

20.	 Unal S, Baskan S, Guven Aytac B, Aytac I, Balci M. Should the 
erector spinae plane block be applied in the pain management of 
percutaneous nephrolithotomy? Cureus 2022;14:e22554.

21.	 Ramachandran S, Ramaraj KP, Velayudhan S, Shanmugam B, 
Kuppusamy S, Lazarus SP. Comparison of erector spinae plane block 
and local anaesthetic infiltration at the incision site for postoperative 
analgesia in percutaneous nephrolithotomy – A randomised 
parallel-group study. Indian J Anaesth 2021;65:398–403.

22.	 Bryniarski P, Bialka S, Kepinski M, Szelka-Urbanczyk A, Paradysz A, 
Misiolek H. Erector spinae plane block for perioperative analgesia 
after percutaneous nephrolithotomy. Int J Environ Res Public 
Health 2021;18:3625.

23.	 Anuradha H, Raghunath SS, Kumari Deepika B, Bala Subramanya H. 
Evaluation of postoperative analgesic effect of ultrasound guided 
erector spinae plane block for patients undergoing percutaneous 
nephrolithotomy surgery: A randomized controlled trial. Int J Acad 
Med Pharm 2022;4:166–71.

24.	 Pandey SP, Yadav U, Khan MMA, Singh AK, Verma S, Nigam S. Efficacy 
of ultrasound-guided erector spinae plane block in percutaneous 
nephrolithotomy. Cureus 2023;15:e40186.

25.	 RoB 2: A revised Cochrane risk-of-bias tool for randomized trials 
| Cochrane Bias. Available from: https://methods.cochrane.org/
bias/resources/rob-2-revised-cochrane-risk-bias-tool-randomized-
trials. [Last accessed on 2021 Sep 28].

26.	 Remy C, Marret E, Bonnet F. Effects of acetaminophen on morphine 
side-effects and consumption after major surgery: Meta-analysis 
of randomized controlled trials. Br J Anaesth 2005;94:505–13.

27.	 Bektas F, Eken C, Karadeniz O, Goksu E, Cubuk M, Cete Y. 
Intravenous paracetamol or morphine for the treatment of renal 
colic: A  randomized, placebo-controlled trial. Ann Emerg Med 
2009;54:568–74.

28.	 Sinatra RS, Jahr JS, Reynolds LW, Viscusi ER, Groudine SB, 
Payen CC. Efficacy and safety of single and repeated administration 
of 1 gram intravenous acetaminophen injection (paracetamol) for 
pain management after major orthopedic surgery. Anesthesiology 
2005;102:822–31.

29.	 Memis D, Inal MT, Kavalci G, Sezer A, Sut N. Intravenous 
paracetamol reduced the use of opioids, extubation time, and 
opioid-related adverse effects after major surgery in intensive care 
unit. J Crit Care 2010;25:458–62.

30.	 Schwartzmann A, Peng P, Maciel MA, Forero M. Mechanism of the 
erector spinae plane block: Insights from a magnetic resonance 
imaging study. Can J Anesth 2018;65:1165–6.

31.	 Wu CL, Cohen SR, Richman JM, Rowlingson AJ, Courpas GE, 
Cheung K, et al. Efficacy of postoperative patient-controlled and 
continuous infusion epidural analgesia versus intravenous patient-
controlled analgesia with opioids: A meta-analysis. Anesthesiology 
2005;103:1079–88.

32.	 El-Boghdadly K, Madjdpour C, Chin KJ. Thoracic paravertebral 
blocks in abdominal surgery-A systematic review of randomized 
controlled trials. Br J Anaesth 2016;117:297–308.

33.	 Naja Z, Lo€nnqvist PA. Somatic paravertebral nerve blockade. Incidence 
of failed block and complications. Anaesthesia 2001;56:1184–8.

34.	 Altıparmak B, Korkmaz Toker M, Uysal Aİ, Gümüş Demirbilek S. 
Comparison of the efficacy of erector spinae plane block performed 
with different concentrations of bupivacaine on postoperative 
analgesia after mastectomy surgery: Ramdomized, prospective, 
double blinded trial. BMC Anesthesiol 2019;19:31.

35.	 Moustafa M, Alabd A, Ahmed A, Deghidy E. Erector spinae 
versus paravertebral plane blocks in modified radical 
mastectomy: Randomised comparative study of the technique 
success rate among novice anaesthesiologists. Indian J Anaesth 
2020;64:49–54.

36.	 Byrne K, Smith C. Human volunteer study examining the sensory 
changes of the thorax after an erector spinae plane block. Reg 
Anesth Pain Med 2020;45:761-2.

https://handbook-5-1.cochrane.org/chapter_7�/�7_7_3_2_obtaining_standard_deviations_from_standard_errors_and.htm
https://handbook-5-1.cochrane.org/chapter_7�/�7_7_3_2_obtaining_standard_deviations_from_standard_errors_and.htm
https://methods.cochrane.org/bias/resources/rob-2-revised-cochrane-risk-bias-tool-randomized-trials
https://methods.cochrane.org/bias/resources/rob-2-revised-cochrane-risk-bias-tool-randomized-trials
https://methods.cochrane.org/bias/resources/rob-2-revised-cochrane-risk-bias-tool-randomized-trials

