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General anesthesia with systemic analgesia is con-
sidered undesirable because opioids are invariably 
needed for adequate pain control. Opioids may 

cause respiratory depression, pruritus, urinary retention, 
nausea/vomiting, drowsiness, confusion, and constipa-
tion.1 Multimodal analgesia reduces pain and minimizes 
usage of opioids.2,3 Such techniques include non-opioid 
systemic analgesics,4,5 local anesthetics,6–8 and regional 
anesthesia.9–16 Although epidural and spinal blocks provide 
adequate analgesia,17,18 neuraxial techniques are associated 
with hemodynamic instability and urinary retention.18 IV 
fluids, vasopressors, and urinary catheterization may be 
required although their effects on the length of hospital stay 
(LOS) remain inconclusive.19–22

Paravertebral block (PVB) involves local anesthetic injec-
tion around the spinal nerve roots exiting the vertebral col-
umn. A number of meta-analyses have shown PVB to be 
a safe, effective anesthetic technique for thoracotomy and 
mastectomy.18,23–26 PVB provides superior acute pain control 
in these surgeries over general anesthesia/systematic anal-
gesia23,26 or equivalent pain control to neuraxial blocks.17,18 

BACKGROUND: Paravertebral block (PVB) is a safe and effective anesthetic technique for tho-
racotomy and mastectomy. However, no systematic review or meta-analysis has focused on PVB 
for inguinal herniorrhaphy. Our study compares PVB with general anesthesia/systemic analge-
sia, neuraxial blocks, and other peripheral nerve blocks.
METHODS: We analyzed 14 randomized controlled trials from PubMed, MEDLINE, CENTRAL, EMBASE, 
and CINAHL up to February 2015, without language restriction, comparing PVB under sedation with 
general anesthesia/systematic analgesia (135 vs 133 patients), neuraxial blocks (191 vs 186 
patients), and other peripheral nerve blocks (119 vs 117 patients). We investigated pain scores, con-
sumption of postoperative analgesia, incidence of postoperative nausea and vomiting (PONV), length 
of hospital stay, postanesthesia care unit bypassing rate, time to perform blocks, intraoperative hemo-
dynamics, and incidence of urinary retention. Joint hypothesis testing was adopted for pain and analge-
sics, PONV, and hemodynamic variables. All analyses were performed with RevMan 5.2.11 (Cochrane 
Collaboration, Copenhagen). Hartung-Knapp-Sidik-Jonkman method was used for post hoc testing.
RESULTS: PVB reduced PONV (nausea: risk ratio [RR] = 0.22; 95% confidence interval [CI], 
0.05–0.93; numbers needed to treat [NNT] = 4.5; I² = 15% and vomiting: RR = 0.15; 95% CI, 
0.03–0.76; NNT = 8.3; I² = 0%) compared with general anesthesia/systematic analgesia (quality 
of evidence [QoE]: high). Compared with neuraxial blocks, PVB resulted in less postoperative nau-
sea (RR = 0.34 [95% CI, 0.13–0.91], NNT = 8.3, I² = 0%) and urinary retention (RR = 0.14 [95% 
CI, 0.05–0.42], NNT = 7.4, I² = 0%) than neuraxial blocks (QoE: high). More time was needed to 
perform PVB than neuraxial blocks (standardized mean difference = 1.90 [95% CI, 0.02–3.77],  
I² = 92%; mean difference = 5.33 minutes; QoE: moderate). However, the available data could not 
reject the null hypothesis of noninferiority on all pain scores and analgesic requirements for both 
PVB versus general anesthesia/systematic analgesia and PVB versus neuraxial blocks (QoE: low), 
as well as on hemodynamic outcomes for PVB versus neuraxial blocks (QoE: moderate). Our sys-
tematic review showed that PVB decreased postoperative pain scores and analgesic requirement 
as compared with ilioinguinal block and transversus abdominis plane block.
CONCLUSIONS: This meta-analysis shows that PVB provides an anesthesia with fewer unde-
sirable effects for inguinal herniorrhaphy. The choice between general anesthesia/systematic 
analgesia, neuraxial blocks, PVB, and other peripheral nerve blocks should be based on time 
available to perform the block and a complete coverage over the relevant structures by the 
blocks.  (Anesth Analg 2015;121:556–69)
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The other advantages of PVB include fewer incidents of 
postoperative nausea and vomiting (PONV), shorter LOS, 
and greater patient satisfaction.23,26,27

Inguinal herniorrhaphy is a common type of ambula-
tory surgery. Successful anesthesia and analgesia for ingui-
nal herniorrhaphy include general anesthesia/systematic 
analgesia, neuraxial blocks or PVB with sedation, and 
general anesthesia with peripheral nerve blocks. However, 
a survey showed that most anesthesiologists favor gen-
eral anesthesia over regional anesthesia.28,29 Many of the 
postoperative side effects are associated with anesthesia 
(i.e., postoperative ileus, urinary retention, postoperative 
hypotension, and PONV) rather than the herniorrhaphy 
itself (i.e., wound hemorrhage or infection), especially 
using general anesthesia/systematic analgesia and neur-
axial blocks.28–30 This meta-analysis compares PVB with 
general anesthesia/systematic analgesia, neuraxial blocks, 
and other peripheral nerve blocks. From the results of pre-
vious meta-analyses, we generated a joint hypothesis31 
that PVB for inguinal herniorrhaphy was noninferior to 
general anesthesia/systematic analgesia and neuraxial 
blocks on all pain outcomes (postoperative pain at rest [0–
6, 6–24, and 24–72 hours] and analgesic requirements) and 
superiority on ≥1 outcome. Our hypotheses for secondary 
outcomes included that patients having PVB had a shorter 
LOS, greater postanesthesia care unit (PACU) bypass rate, 
lower incidence of PONV (joint hypothesis testing of 
nausea and vomiting: superiority on all outcomes), less 
urinary retention, and less intraoperative hemodynamic 
instability (joint hypothesis testing of mean arterial blood 
pressure [MAP], heart rate [HR], and ephedrine require-
ment: noninferiority on all outcomes and superiority on 
≥1). We also descriptively reported the failure rate and 
complications of PVB.

METHODS
Search Strategy
Our meta-analysis complies with the Transparent 
Reporting of Systematic Reviews and Meta-Analyses 
(PRISMA) statement (Supplemental Digital Content, 
http://links.lww.com/AA/B150).32 We searched 
PubMed, MEDLINE, CENTRAL, EMBASE, and CINAHL 
for randomized controlled trials (RCTs) on PVB among 
patients who underwent herniorrhaphy. We searched 
“paravertebral block AND inguinal AND (herniorrhaphy 
OR hernia)” in “All Fields” without restrictions on lan-
guage or year of publication (Appendix 1). The last data-
base search was in February 2015.

Selection of Included Studies
Two authors simultaneously (not independently) retrieved 
studies from the initial search and determined eligibility by 
reading the titles and abstracts. Any discrepancy was dis-
cussed and resolved immediately during the process of the 
literature search. References of retained studies were manu-
ally searched. All types of PVB were included (unilateral 
and bilateral; single, multiple, and continuous). All studies 
other than RCT and conference abstracts >3 years old were 
excluded. We included all parallel RCT comparing PVB 
with any other modality.

Data Extraction
We identified outcome variables that had sufficient data 
(≥2 studies for the same comparison) for meaningful analy-
ses from all studies searched. We attempted to contact the 
authors of studies with insufficient data. We measured the 
graphs if authors failed to provide the required numerical 
data.

For comparing PVB with general anesthesia/systematic 
analgesia, we had the following outcome variables on ≥2 
studies: (1) pain scores at rest in 0 to 72 hours after surgery 
and postoperative analgesic requirements, (2) PONV, (3) 
LOS, and (4) PACU bypassing rate (fast-tracking rate).

For comparing PVB with neuraxial blocks, we had ≥2 
studies on (1) pain scores at rest in 0 to 24 hours, (2) postop-
erative nausea, (3) LOS, (4) time required to perform block, 
(5) surgery duration, (6) intraoperative hemodynamics, and 
(7) urinary retention. We did not have ≥2 studies to compare 
PVB with other regional anesthesias.

We also found some RCT comparing PVB with other 
peripheral nerve blocks. Because of heterogeneous types of 
peripheral nerve blocks such as patient groups (adult versus 
pediatric) and outcome variables reported, meta-analysis 
was not conducted. We qualitatively reported those RCTs.

Primary Outcome
Postoperative pain scores at rest (visual analog scale or 
numeric rating scale) were converted into a scale of 0 to 10. 
We categorized the pain scores into intervals of 0 to 6 hours, 
6 to 24 hours, and 24 to 72 hours postoperatively. The worst 
pain scores were used if there was >1 score provided for the 
same interval. We compared postoperative oral tramadol 
consumption between PVB and neuraxial blocks. Between 
PVB and general anesthesia/systematic analgesia, the data 
only allowed us to compare the number of patients requir-
ing postoperative analgesics.

Secondary Outcomes
For PONV, 1 study16 that combined both into 1 variable, we 
regarded those as vomiting because all patients who vomit 
feel nausea, but not the reverse. For intraoperative hemo-
dynamic indices, we analyzed MAP, HR, and ephedrine 
requirements (incidence required a 6-mg bolus). We consid-
ered incidence of urinary retention and incidence requiring 
postoperative urinary catheterization as the same variable.

Statistical Analyses
SEM and 95% confidence intervals (95% CIs) were con-
verted into SD by: SD = SEM√N and SEM = (95% CI) / 1.96. 
If categorical data were reported for a continuous variable, 
we estimated the mean and SD by assuming a normal distri-
bution. If SD was still unavailable, we substituted the miss-
ing SD with the pooled SD of the other studies within the 
same comparison by: √(∑(N SD2) / ∑N).

We conducted the meta-analyses with Review Manager 
5.2.11 (Cochrane Collaboration, Copenhagen). We compared the 
standardized mean differences (SMD)33,34 by the inverse-vari-
ance method for continuous variables and computed risk ratios 
(RRs) by the Mantel-Haenszel method for dichotomous vari-
ables. Because of the limited number of studies, random effect 
was used for all comparisons regardless of the heterogeneity 
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between studies. A post hoc procedure to compute the t statis-
tic for Hartung-Knapp-Sidik-Jonkman (HKSJ) method34–37 was 
performed as described by IntHout et al.34 (using the provided 

program34; degrees of freedom = number of studies − 1). Mean 
differences (MDs) were reported for increasing interpretabil-
ity33 if HKSJ revealed a significant result.

Table 1.  Characteristics of Included Studies

Studies (author)

Number of 
patients PVB group Control group

AntiemeticPVB Control
Characteristics  

of PVB
Levels of PVB 

injections Analgesia Anesthesia Analgesia Anesthesia
PVB versus general anesthesia/systematic analgesia
Akcaboy et al.10 30 30 Unilateral, injections at 5 

levels; landmark approach
T9–L1 PVB: 5 mL 0.5% levobupivacaine and 

1:400,000 epinephrine each level
IV infusion of propofol at 10–70 

μg/kg/min (light sleep with easy 
arousability)

Increments of 25 μg fentanyl, 0.25% 
levobupivacaine wound infiltration

General anesthesia: propofol 2 
mg/kg induction, desflurane 
2%–4% + N2O 67% in 3 L/min O2 
maintenance

Ondansetron 4 mg, 
metoclopramide 10 mg

Hadzic et al.13 25 25 Unilateral, Injections at 5 
levels; landmark approach

T9–L1 PVB: 5 mL 0.75% ropivacaine each level IV infusion of propofol titrated to 
light sleep with easy arousability

Fentanyl boluses (25–50 μg) if needed, 
0.25% wound infiltration

General anesthesia: propofol 
1.5–2.0 mg/kg induction, 
desflurane 3%–6% in 1:1 N2O/O2 
maintenance

Not reported

Naja et al.16 25 25 Unilateral, injections at 3 
levels; nerve stimulator 
guided

Interspaces 
T12/L1, L1/L2, 

L2/L3

PVB approximately 20 mL each level: 
12 mL 2% lidocaine, 1/200,000 
epinephrine, 6 mL 0.5% bupivacaine, 50 
μg fentanyl, 75 μg clonidine

Light sevoflurane sedation at 
0.4%–0.8%

Fentanyl and N2O General anesthesia: 1.5 μg/kg 
fentanyl + 3–5 mg/kg thiopental 
induction; 1%–3% sevoflurane, 
70% N2O, 30% O2 maintenance

Not reported

Naja et al.15 55 53 Nerve stimulator guided Not reported Not reported Sedation Not reported General anesthesia Not reported

PVB versus neuraxial blocks
Akcaboy et al.9 29 30 Unilateral, injections at 5 

levels; landmark approach
T9–L1 PVB: 5 mL 0.5% levobupivacaine + 

1:400,000 epinephrine each level
IV infusion of propofol 10–70 μg/kg/

min, titrated to light sleep with easy 
arousability

Unilateral spinal anesthesia at L2–L3 
with 8 mg hyperbaric bupivacaine 
(0.5%)

IV infusion of propofol 10–70 μg/
kg/min, titrated to light sleep with 
easy arousability

Not reported

Bahar et al.11 (Turkish) 20 20 Unilateral, single injection; 
nerve stimulator guided

T10–T11 PVB: 5 mL 0.5% plain bupivacaine Propofol sedation  
(total 905 ± 20.6 mg)

Spinal anesthesia: intrathecal 5 mL 
0.5% hyperbaric bupivacaine

No sedation Not reported

Bhattacharya et al.12 30 30 Unilateral, single injection; 
landmark approach

L1 PVB: 20 mL 0.5% plain bupivacaine IV infusion of propofol titrated to 
light sleep with easy arousability

Bilateral spinal anesthesia at 
L3–L4/L2–L3, 12.5 mg hyperbaric 
bupivacaine (0.5%)

IV infusion of propofol titrated to 
light sleep with easy arousability

Ondansetron 4 mg as 
rescue

Mandal et al.14 22 24 Unilateral, injections at 2 
levels; landmark approach

T10, L1 PVB: 15 mL 0.5% bupivacaine at T10, 5 mL 
0.5% bupivacaine at L1

IV infusion of propofol titrated to 
light sleep with easy arousability

Unilateral spinal anesthesia at 
L2-L3/L3-L4 with 8 mg hyperbaric 
bupivacaine (0.5%)

IV infusion of propofol titrated to 
light sleep with easy arousability

Ondansetron 4 mg as 
rescue

Naja et al.15 55 47 Nerve stimulator guided Not reported Not Reported Sedation Spinal anesthesia Sedation Not reported
Tug et al. 40 (Pediatric) 35 35 Unilateral, single injection; 

landmark approach
L2 PVB: 0.2 mL/kg 0.25% bupivacaine General anesthesia: 6%–8% 

sevoflurane induction; 0.5%–
2.5% sevoflurane with 50% N2O 
maintenance

Caudal block: 0.25% bupivacaine  
1 mL/kg

General anesthesia: 6%–8% 
sevoflurane induction; 0.5%–2.5% 
sevoflurane with 50% N2O 
maintenance

Not reported

PVB versus other peripheral nerve blocks
Kaya et al.45 30 30 Unilateral, multiple levels; 

nerve simulator guided
T11–L2 PVB: 0.5% bupivacaine 5 mL at each level Spinal anesthesia: L4/L5 space 

with 10–12.5 mg heavy 
bupivacaine + 25 μg fentanyl, 
lateral decubitus position

Transversus abdominis plane block 
0.5% bupivacaine, ultrasound 
guided

Spinal anesthesia: L4/L5 space 
with 10–12.5 mg heavy 
bupivacaine + 25 μg fentanyl, 
lateral decubitus position

Metoclopramide 10 mg  
as needed

Klein et al.42 24 22 Unilateral, 5 levels; landmark 
approach

T10 – L2 PVB: 7 mL 0.5% ropivacaine with 
1:400,000 epinephrine at each level; 
IV fentanyl 1-2 μg/kg if needed; IV 
ketorolac 30 mg before emergency 
routinely

General anesthesia: propofol 1.5–2 
mg/kg and fentanyl 1–3 μg/kg 
for induction; sevoflurane and 
N2O maintenance

Ilioinguinal-iliohypogastric nerve block 
(10 mL) + abdomen T10-12 nerve 
blocks (15 mL) + incision infiltration 
(15 mL) of 0.5% ropivacaine with 
1:400,000 epinephrine; IV fentanyl 
1-2 μg/kg if needed; IV ketorolac 30 
mg before emergency routinely

General anesthesia: propofol 1.5–2 
mg/kg and fentanyl 1–3 μg/kg for 
induction; sevoflurane and N2O 
maintenance

Ondansetron 4 mg 
routinely

Naja et al.44 (Pediatric) 40 40 Unilateral, 3 levels; nerve 
stimulator guided

T12/L1 to L2/L3 PVB: 0.1 mL /kg at each level: each 
20 mL contained lidocaine 2% 6.5 
mL, lidocaine 2% with 1:200,000 
epinephrine 6 mL, bupivacaine 0.5% 6 
mL, fentanyl 50 μg/ mL 1 mL, clonidine 
150 μg/ mL 0.5 mL.

General anesthesia: sevoflurane 
induction and maintenance at 
0.4%–0.8%

Ilioinguinal nerve block of 0.3 mL /kg: 
same local anesthetic mixture of 
the PVB group

General anesthesia: sevoflurane 
induction and maintenance at 
0.4%–0.8%

Not reported

Wassef et al.43 15 15 Unilateral, 3 levels; landmark 
approach

T12–L2 PVB: 3–5 mL 2% lidocaine with 1:200,000 
epinephrine each level; IV fentanyl 50 
μg-increments if needed

No general anesthesia and did not 
report any form of sedation.

Field block: 0.5% bupivacaine +1% 
lidocaine with 5 μg/mL epinephrine; 
IV fentanyl 50 μg- 
increments if needed

No general anesthesia and did not 
report any form of sedation.

Not reported

Wood et al.46 10 10 Unilateral, single level; 
landmark approach

T12 Postoperative PVB: 10 mL 0.75% 
bupivacaine + 10 mL 6% dextran 70

Spinal anesthesia: L2/L3 1.5% 
lidocaine or 0.5% bupivacaine; 
IV chlormethiazole continuous 
infusion

Cryoanalgesia on ilioinguinal nerve Spinal anesthesia: L2/L3 1.5% 
lidocaine or 0.5% bupivacaine; 
IV chlormethiazole continuous 
infusion

Not reported

PVB = paravertebral block. (Continued)
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Table 1.  Characteristics of Included Studies

Studies (author)

Number of 
patients PVB group Control group

AntiemeticPVB Control
Characteristics  

of PVB
Levels of PVB 

injections Analgesia Anesthesia Analgesia Anesthesia
PVB versus general anesthesia/systematic analgesia
Akcaboy et al.10 30 30 Unilateral, injections at 5 

levels; landmark approach
T9–L1 PVB: 5 mL 0.5% levobupivacaine and 

1:400,000 epinephrine each level
IV infusion of propofol at 10–70 

μg/kg/min (light sleep with easy 
arousability)

Increments of 25 μg fentanyl, 0.25% 
levobupivacaine wound infiltration

General anesthesia: propofol 2 
mg/kg induction, desflurane 
2%–4% + N2O 67% in 3 L/min O2 
maintenance

Ondansetron 4 mg, 
metoclopramide 10 mg

Hadzic et al.13 25 25 Unilateral, Injections at 5 
levels; landmark approach

T9–L1 PVB: 5 mL 0.75% ropivacaine each level IV infusion of propofol titrated to 
light sleep with easy arousability

Fentanyl boluses (25–50 μg) if needed, 
0.25% wound infiltration

General anesthesia: propofol 
1.5–2.0 mg/kg induction, 
desflurane 3%–6% in 1:1 N2O/O2 
maintenance

Not reported

Naja et al.16 25 25 Unilateral, injections at 3 
levels; nerve stimulator 
guided

Interspaces 
T12/L1, L1/L2, 

L2/L3

PVB approximately 20 mL each level: 
12 mL 2% lidocaine, 1/200,000 
epinephrine, 6 mL 0.5% bupivacaine, 50 
μg fentanyl, 75 μg clonidine

Light sevoflurane sedation at 
0.4%–0.8%

Fentanyl and N2O General anesthesia: 1.5 μg/kg 
fentanyl + 3–5 mg/kg thiopental 
induction; 1%–3% sevoflurane, 
70% N2O, 30% O2 maintenance

Not reported

Naja et al.15 55 53 Nerve stimulator guided Not reported Not reported Sedation Not reported General anesthesia Not reported

PVB versus neuraxial blocks
Akcaboy et al.9 29 30 Unilateral, injections at 5 

levels; landmark approach
T9–L1 PVB: 5 mL 0.5% levobupivacaine + 

1:400,000 epinephrine each level
IV infusion of propofol 10–70 μg/kg/

min, titrated to light sleep with easy 
arousability

Unilateral spinal anesthesia at L2–L3 
with 8 mg hyperbaric bupivacaine 
(0.5%)

IV infusion of propofol 10–70 μg/
kg/min, titrated to light sleep with 
easy arousability

Not reported

Bahar et al.11 (Turkish) 20 20 Unilateral, single injection; 
nerve stimulator guided

T10–T11 PVB: 5 mL 0.5% plain bupivacaine Propofol sedation  
(total 905 ± 20.6 mg)

Spinal anesthesia: intrathecal 5 mL 
0.5% hyperbaric bupivacaine

No sedation Not reported

Bhattacharya et al.12 30 30 Unilateral, single injection; 
landmark approach

L1 PVB: 20 mL 0.5% plain bupivacaine IV infusion of propofol titrated to 
light sleep with easy arousability

Bilateral spinal anesthesia at 
L3–L4/L2–L3, 12.5 mg hyperbaric 
bupivacaine (0.5%)

IV infusion of propofol titrated to 
light sleep with easy arousability

Ondansetron 4 mg as 
rescue

Mandal et al.14 22 24 Unilateral, injections at 2 
levels; landmark approach

T10, L1 PVB: 15 mL 0.5% bupivacaine at T10, 5 mL 
0.5% bupivacaine at L1

IV infusion of propofol titrated to 
light sleep with easy arousability

Unilateral spinal anesthesia at 
L2-L3/L3-L4 with 8 mg hyperbaric 
bupivacaine (0.5%)

IV infusion of propofol titrated to 
light sleep with easy arousability

Ondansetron 4 mg as 
rescue

Naja et al.15 55 47 Nerve stimulator guided Not reported Not Reported Sedation Spinal anesthesia Sedation Not reported
Tug et al. 40 (Pediatric) 35 35 Unilateral, single injection; 

landmark approach
L2 PVB: 0.2 mL/kg 0.25% bupivacaine General anesthesia: 6%–8% 

sevoflurane induction; 0.5%–
2.5% sevoflurane with 50% N2O 
maintenance

Caudal block: 0.25% bupivacaine  
1 mL/kg

General anesthesia: 6%–8% 
sevoflurane induction; 0.5%–2.5% 
sevoflurane with 50% N2O 
maintenance

Not reported

PVB versus other peripheral nerve blocks
Kaya et al.45 30 30 Unilateral, multiple levels; 

nerve simulator guided
T11–L2 PVB: 0.5% bupivacaine 5 mL at each level Spinal anesthesia: L4/L5 space 

with 10–12.5 mg heavy 
bupivacaine + 25 μg fentanyl, 
lateral decubitus position

Transversus abdominis plane block 
0.5% bupivacaine, ultrasound 
guided

Spinal anesthesia: L4/L5 space 
with 10–12.5 mg heavy 
bupivacaine + 25 μg fentanyl, 
lateral decubitus position

Metoclopramide 10 mg  
as needed

Klein et al.42 24 22 Unilateral, 5 levels; landmark 
approach

T10 – L2 PVB: 7 mL 0.5% ropivacaine with 
1:400,000 epinephrine at each level; 
IV fentanyl 1-2 μg/kg if needed; IV 
ketorolac 30 mg before emergency 
routinely

General anesthesia: propofol 1.5–2 
mg/kg and fentanyl 1–3 μg/kg 
for induction; sevoflurane and 
N2O maintenance

Ilioinguinal-iliohypogastric nerve block 
(10 mL) + abdomen T10-12 nerve 
blocks (15 mL) + incision infiltration 
(15 mL) of 0.5% ropivacaine with 
1:400,000 epinephrine; IV fentanyl 
1-2 μg/kg if needed; IV ketorolac 30 
mg before emergency routinely

General anesthesia: propofol 1.5–2 
mg/kg and fentanyl 1–3 μg/kg for 
induction; sevoflurane and N2O 
maintenance

Ondansetron 4 mg 
routinely

Naja et al.44 (Pediatric) 40 40 Unilateral, 3 levels; nerve 
stimulator guided

T12/L1 to L2/L3 PVB: 0.1 mL /kg at each level: each 
20 mL contained lidocaine 2% 6.5 
mL, lidocaine 2% with 1:200,000 
epinephrine 6 mL, bupivacaine 0.5% 6 
mL, fentanyl 50 μg/ mL 1 mL, clonidine 
150 μg/ mL 0.5 mL.

General anesthesia: sevoflurane 
induction and maintenance at 
0.4%–0.8%

Ilioinguinal nerve block of 0.3 mL /kg: 
same local anesthetic mixture of 
the PVB group

General anesthesia: sevoflurane 
induction and maintenance at 
0.4%–0.8%

Not reported

Wassef et al.43 15 15 Unilateral, 3 levels; landmark 
approach

T12–L2 PVB: 3–5 mL 2% lidocaine with 1:200,000 
epinephrine each level; IV fentanyl 50 
μg-increments if needed

No general anesthesia and did not 
report any form of sedation.

Field block: 0.5% bupivacaine +1% 
lidocaine with 5 μg/mL epinephrine; 
IV fentanyl 50 μg- 
increments if needed

No general anesthesia and did not 
report any form of sedation.

Not reported

Wood et al.46 10 10 Unilateral, single level; 
landmark approach

T12 Postoperative PVB: 10 mL 0.75% 
bupivacaine + 10 mL 6% dextran 70

Spinal anesthesia: L2/L3 1.5% 
lidocaine or 0.5% bupivacaine; 
IV chlormethiazole continuous 
infusion

Cryoanalgesia on ilioinguinal nerve Spinal anesthesia: L2/L3 1.5% 
lidocaine or 0.5% bupivacaine; 
IV chlormethiazole continuous 
infusion

Not reported

PVB = paravertebral block.

Table 1.  Continued

A 2-stage joint hypothesis testing (noninferiority on all 
outcomes and superiority on ≥1) was adopted for the pri-
mary outcome (pain scores and opioid consumption) and 

the hemodynamic outcome.31 In the first stage, we tested the 
noninferiority hypothesis on all outcomes with a noninfe-
riority delta of RR <1.5 or SMD <0.5 (less than a moderate 
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Figure 1. Flow chart for included studies. PVB = 
paravertebral block.

effect). Correction for multiple testing was not required at 
this stage because the alternative hypothesis was an inter-
section (“AND”) of multiple tests. In the second stage, we 
tested for superiority of ≥1 outcome with Bonferroni correc-
tion for multiple testing because the alternative hypothesis 
was a union (“OR”) of multiple tests. RR >1.5 and SMD >0.5 
were considered as clinically meaningful.

For PONV, a single-stage joint hypothesis testing (supe-
riority on all outcomes) was used. The null hypotheses of 
both nausea and vomiting should be rejected to claim a 
significant effect on PONV (postoperative nausea “AND” 
vomiting). Correction for multiple testing was not required 
because the alternative hypothesis was an intersection 
(“AND”) of multiple tests.

For all significant dichotomous variables, we also report 
numbers needed to treat (NNT). For publication biases, we 
reported fail-safe number (FSN) using the Rosenberg method38 
only if a significant outcome with I2 <25%. We also conducted 
the intercept regressions by Egger et al.39 for comparisons with 
>3 included studies and I2 >25%. Sensitivity and subgroup 
analyses were conducted to explore the heterogeneity among 
studies. Statistical significance was set at P value <0.05 (2 sided) 
or 0.025 (1 sided) when applicable. Finally, all results of the 
meta-analysis were graded the quality of evidence (QoE) using 
the GRADE Working Group system (Canada).

RESULTS
Study Selection
Fourteen of 51 nonduplicated search items met the inclu-
sion criteria and were retained for analysis (Fig. 1; Appendix 
2). Characteristics of included studies and risk of bias are 
shown in Table 1 and Figure 2, A–C, respectively.

Four studies10,13,15,16 compared PVB under sedation (135 
patients) with general anesthesia/systematic analgesia (133 
patients). No patient in the PVB group received general 
anesthesia. We subsequently referred to PVB versus general 
anesthesia/systematic analgesia, for simplification.

Six studies9,11,12,14,15,40 compared PVB under sedation (191 
patients) with neuraxial blocks under sedation (186 patients). 
Five9,11,12,14,15 of the studies compared PVB with spinal anesthesia 
among adults. One study40 compared PVB with caudal block 
among pediatric patients. Three studies9,12,14 gave continuous 
propofol infusion titrated to light sleep with easy arousabil-
ity. One study11 only used propofol sedation in the PVB group 
but not in the control group. The pediatric study40 used sevo-
flurane with N2O at a minimal alveolar concentration of 0.6 to 
1.541 (assuming 1-year-old child). Because of the heterogeneity 
of populations (adult versus child) and techniques (spinal anes-
thesia versus general anesthesia with caudal block), we only 
performed meta-analysis on the studies9,11,12,14,15 comparing PVB 
with spinal anesthesia among adults and descriptively reported 
the pediatric study40 comparing PVB with caudal block.
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Five studies42–46 compared PVB (119 patients) with other 
peripheral nerve blocks (117 patients). One study44 involved 
pediatric patients. The types of peripheral nerve blocks 
included ilioinguinal nerve block,42,44,46 transversus abdo-
minis plane (TAP) block,45 and field block.43 One study46 
used a cryoanalgesic technique. All patients received sup-
plementation with general anesthesia, spinal anesthesia, or 
sedation.

Joint Hypothesis Testing of Postoperative Pain 
at Rest and Analgesic Requirements
Comparing PVB with general anesthesia/systematic anal-
gesia, pain scores at rest during 0 to 6 and 24 to 72 hours 
were analyzed in 2 studies (PVB 55 versus general anes-
thesia/systematic analgesia 55 patients)10,16 and during 6 to 
24 hours in 3 studies (PVB 80 versus general anesthesia/
systematic analgesia 80 patients).10,13,16 We conducted a 
2-stage joint hypothesis testing for the following outcomes: 
postoperative pain at 0 to 6 hours, 6 to 24 hours, and 24 to 
72 hours as well as requirements for postoperative anal-
gesics. No significant difference was found for pain scores 
at all time points (0–6 hours: SMD = −1.25 [HKSJ 95% CI, 
−2.98 to 0.48], I2 = 0%; 6–24 hours: SMD = −0.63 [HKSJ 95% 

CI, −2.09 to 0.83], I2 = 75%; and 24–72 hours: SMD = −0.72 
[HKSJ 95% CI, −6.75 to 5.31], I2 = 82%). Three studies10,13,16 
showed no significant difference in the number of patients 
who required postoperative analgesics (RR = 0.49 [HKSJ 
95% CI, 0.08–2.84], I2 = 95%) between PVB (35 of 77 patients, 
45.5%) and general anesthesia/systematic analgesia (63 of 
75 patients, 84.0%). The insignificant results and the wide 
95% CI could not reject the null hypothesis of noninferiority 
on all outcomes (QoE: low; i.e., publication bias and impre-
cision) (Fig. 3, A and B).

For PVB versus spinal anesthesia, we conducted a 
2-stage joint hypothesis testing for the following outcomes: 
postoperative pain at 0 to 6 hours, 6 to 24 hours, and 24 to 
72 hours as well as requirements for postoperative analge-
sics. Pain scores at rest for 0 to 24 hours were analyzed in 
3 studies (PVB 79 versus spinal anesthesia 80 patients)9,11,12 
and showed no significant difference (0–6 hours:  
SMD = −0.75 [HKSJ 95% CI, −2.99 to 1.49], I2 = 88%; 
6–24 hours: SMD = −0.76 [HKSJ 95% CI, −3.66 to 2.14],  
I2 = 91%). Only 1 study (PVB 29 versus spinal anesthesia 30 
patients)9 reported pain scores for 24 to 72 hours, with no 
significant difference (SMD = −0.27 [95% CI, −0.78 to 0.24]). 
Four studies9,11,12,14 (PVB 101 versus spinal anesthesia 104 

Figure 2. Risk of biases for included studies, 
paravertebral block versus (A) general anes-
thesia-systematic analgesia, (B) neuraxial 
blocks, and (C) other peripheral nerve blocks. 
*Impossible to blind the participants and per-
sonnel who applied the block.
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patients) reported that patients receiving PVB required less 
postoperative oral tramadol than those receiving spinal anes-
thesia (SMD = −1.34 [HKSJ 95% CI, −2.58 to −0.10], I² = 83%;  
MD = −76.27 mg). However, the insignificant results and the 
wide 95% CI (HKSJ) of pain scores at all time points implied 
that the null hypothesis of noninferiority on all outcomes 
could not be rejected (QoE: low; i.e., publication bias and 
imprecision) (Fig. 4, A and B).

For PVB versus caudal block, behavioral face, legs, activ-
ity, cry and consolability scores were not significantly dif-
ferent between PVB (35 patients) and caudal block groups 
(35 patients).40 Patients who underwent PVB consumed 
less analgesics than patients who underwent caudal block 
(35 vs 35 patients).40

For PVB versus other peripheral nerve blocks, 1 study44 
reported that PVB (40 patients) significantly provided better 
pain control than iliohypogastric nerve block (INB) (40 patients) 
at all time points in 0 to 48 hours. Another study45 showed that 
patients who underwent PVB (30 patients) had lower pain 
scores at 0.5, 3, 6, and 12 hours but not at 1 and 24 hours than 

patients who underwent TAP block (30 patients). Furthermore, 
patients who underwent PVB consumed less analgesics than 
patients who underwent INB (64 vs 62 patients)42,44 and TAP 
block (30 vs 30 patients).45 However, 1 study (10 vs 10 patients)46 
showed that patients who underwent cryoanalgesia required 
less analgesics than patients who underwent PVB.

Postoperative Nausea and Vomiting
Four studies10,13,15,16 compared PVB (nausea: 5 of 110 patients, 
4.5%; vomiting: 0 of 135 patients, 0.0%) with general anes-
thesia/systematic analgesia (nausea: 29 of 108 patients, 
26.9%; vomiting: 16 of 133 patients, 12.0%). We conducted 
a single-stage joint hypothesis testing for the incidences of 
nausea and vomiting. The RR for nausea was 0.22 (HKSJ 
95% CI, 0.05–0.93; I² = 15%; NNT = 4.5; 95% CI, 3.17–7.64; 
FSN = 5.4). The RR for vomiting was 0.15 (HKSJ 95% CI, 
0.03–0.76; I² = 0%; NNT = 8.3; 95% CI, 5.70–15.38; FSN = 2.5). 
Both null hypotheses of nausea and vomiting were rejected, 
so the joint null hypothesis was rejected (QoE: high; i.e., 
publication bias and large effect) (Fig. 4, A and B).

Figure 3. Forest plots of (A) pain scores at rest and (B) number of patients required postoperative analgesics for paravertebral block 
(PVB) versus general anesthesia-systematic analgesia. CI = confidence interval; HKSJ = Hartung-Knapp-Sidik-Jonkman; RR = risk ratio;  
SMD = standardized mean difference; M-H = Mantel-Haenszel.
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For PVB versus spinal anesthesia, 5 studies9,11,12,14,15 
showed that patients undergoing PVB had a significantly 
lower rate of nausea (6 of 156 patients, 3.8%) than those 
undergoing spinal anesthesia (24 of 151 patients, 15.9%). 
The RR was 0.34 (HKSJ 95% CI, 0.13–0.91; I² = 0%; NNT = 8.3;  
5.37–18.24; FSN = 2.7). Null hypothesis was rejected. 
However, joint hypothesis testing cannot be conducted 
because no study reported the incidence of vomiting (QoE: 
high; i.e., publication bias and large effect) (Fig. 5C).

Length of Hospital Stay
Four studies10,13,15,16 comparing PVB (135 patients) with 
general anesthesia/systematic analgesia (133 patients;  
SMD = −0.94; HKSJ 95% CI, −2.23 to 0.34) and 3 studies9,11,15 
comparing PVB (79 patients) with spinal anesthesia (80 
patients; SMD = −3.93; HKSJ 95% CI, −15.26 to 7.40). Although 
no significant difference was found, PVB was noninferior to 
general anesthesia/systematic analgesia (QoE: moderate; i.e., 
publication bias). In terms of the criteria for hospital discharge, 
2 studies10,11 used a postanesthetic discharge scoring system. 

One study16 was based on clinical decisions of surgeons. Other 
studies9,13,15 did not mention any discharge criterion.

PACU Bypassing Rate
Two studies10,13 comparing PVB with general anesthesia/sys-
tematic analgesia reported the PACU bypass rate (fast-track-
ing rate). More patients bypassed the PACU in the PVB group 
(43 of 54 patients, 79.6%) than in the general anesthesia/sys-
tematic analgesia group (7 of 54 patients, 13.0%). The RR was 
5.92 (HKSJ 95% CI, 0.38–93.13; I² = 0%; NNT = 1.5; 95% CI, 
1.24–1.90) (QoE: high; i.e., publication bias and large effect).

One study10 reported the time for phase 1 PACU stay. 
Patients in the PVB group (30 patients, mean 26.0, SD 2.8) 
had a significantly shorter time for phase 1 PACU stay than 
patients in the general anesthesia/systematic analgesia group 
(30 patients, mean 41.2, SD 7.6) (Cohen d = 2.7; Hedges g = 2.6).

Time to Perform Blocks and Duration of Surgery
The 4 studies9,11,12,14 comparing PVB (101 patients) with spinal 
anesthesia (104 patients) showed that more time was needed 

Figure 4. Forest plots of (A) pain scores at rest and (B) number of patients required postoperative analgesics for paravertebral block 
(PVB) versus spinal anesthesia. CI = confidence interval; HKSJ = Hartung-Knapp-Sidik-Jonkman; SMD = standardized mean difference;  
M-H = Mantel-Haenszel.
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to perform PVB than spinal anesthesia (SMD = 1.90 [HKSJ 
95% CI, 0.02–3.77], I² = 92%; MD = 5.33 minutes; QoE: moder-
ate; i.e., publication bias). Three studies10,13,16 comparing PVB 
(77 patients) with general anesthesia/systematic analgesia 
(75 patients) and 2 studies44,45 comparing PVB (70 patients) 
with other peripheral nerve blocks (70 patients) also found 
no difference in duration of surgery. One study13 found that 
general anesthesia/systematic analgesia (24 patients) had a 
5-minute shorter induction time than PVB (24 patients).

Joint Hypothesis of Intraoperative 
Hemodynamics
We conducted a 2-stage joint hypothesis testing for the fol-
lowing outcomes: MAP, HR, and ephedrine requirements. 
Three studies9,12,14 (PVB 81 versus spinal anesthesia 84 
patients) reported intraoperative MAP and HR. Patients 
receiving PVB had greater MAP (SMD = 0.49 [HKSJ 95% 
CI, 0.12–0.86], I² = 0%, FSN = 3.6; MD = 3.03 mm Hg) and a 
noninferior HR (SMD = 0.54 [HKSJ 95% CI, −0.49 to 1.57],  

I² = 54%). Two studies12,14 compared intraoperative 
ephedrine (PVB group: 0 of 52 patients, 0%; spinal anes-
thesia group: 10 of 54 patients, 18.5%). The RR was 0.11 
(HKSJ 95% CI, 0.00–416.77; I² = 0%, NNT = 5.4; 95% CI,  
3.46–12.26). The null hypothesis of noninferiority on all 
outcomes was not rejected (QoE: moderate; i.e., publica-
tion bias) (Fig. 6, A–C).

One study44 comparing PVB (40 patients) with INB (40 
patients) demonstrated that patients who underwent PVB 
had a smaller percentage increase of intraoperative sys-
tolic blood pressure and HR from baseline than patients 
who underwent INB. Another study45 comparing PVB (30 
patients) with TAP block (30 patients) reported no signifi-
cant difference in preoperative, intraoperative, and post-
operative blood pressure, HR, and Sao2.

Urinary Retention
Three studies11,12,14 reported the incidence of urinary reten-
tion and/or the need for postsurgical catheterization. PVB 

Figure 5. Forest plots of (A) postoperative nausea and (B) vomiting for paravertebral block (PVB) versus general anesthesia-systematic analgesia 
and (C) postoperative nausea for PVB versus spinal anesthesia. CI = confidence interval; HKSJ = Hartung-Knapp-Sidik-Jonkman; RR = risk ratio.
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(0 of 72 patients, 0.0%) was related to a lower incidence of 
urinary retention than spinal anesthesia (10 of 74 patients, 
13.5%). The RR was 0.14 (HKSJ 95% CI, 0.05–0.42; I² = 0%; 
NNT = 7.4; 95% CI, 4.69–17.47; FSN = 0.9) (QoE: high; i.e., 
publication bias and large effect) (Fig. 7).

Sensitivity and Subgroup Analyses
PVB was still significantly associated with a lower incidence 
of postoperative vomiting than general anesthesia/system-
atic analgesia after 1 deleted study15 had nearly 50% weight 
of the total effect.

For postoperative pain, we analyzed PVB subgroups 
using a landmark approach9,10,12,13 and PVB using a nerve 
stimulator approach11,16 separately. PVB using a nerve 

stimulator approach was associated with lower postoperative 
pain scores than PVB using a landmark approach. The P val-
ues (DerSimonian-Laird approach) for subgroup differences 
ranged from <0.00001 to 0.04 for 0- to 72-hour postoperative 
pain at rest. However, the effects were not confirmed by the 
HKSJ method.

Publication Bias and Small Study Effect
All FSN were lower than 5n + 10, where n is the original 
number of studies. Small study effects (by Egger intercept 
regression) were not found in all comparisons, except post-
operative analgesic requirements (for both PVB versus gen-
eral anesthesia/systematic analgesia and PVB versus spinal 
anesthesia).

Figure 7. Forest plot of incidence of urinary retention for paravertebral block (PVB) versus spinal anesthesia. CI = confidence interval;  
HKSJ = Hartung-Knapp-Sidik-Jonkman; RR = risk ratio; M-H = Mantel-Haenszel.

Figure 6. Forest plots of intraoperative hemodynamic outcomes for paravertebral block (PVB) versus spinal anesthesia, (A) mean arterial 
pressure (mm Hg), (B) heart rate (min−1), (C) patients required ephedrine. CI = confidence interval; HKSJ = Hartung-Knapp-Sidik-Jonkman;  
SMD = standardized mean difference; RR = risk ratio.
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DISCUSSION
Our meta-analysis demonstrates that PVB with sedation 
reduced PONV compared with general anesthesia/sys-
tematic analgesia for patients undergoing inguinal herni-
orrhaphy. PVB also resulted in less postoperative nausea 
and urinary retention but required a longer time to perform 
compared with spinal anesthesia. However, the current 
data failed to reject the null hypothesis of noninferiority on 
all pain and analgesic outcomes for both PVB versus gen-
eral anesthesia/systematic analgesia and PVB versus spinal 
anesthesia, as well as on hemodynamic outcomes for PVB 
versus spinal anesthesia.

Our systematic review found that PVB provides better 
pain control and decreases postoperative analgesic require-
ment than INB and TAP block. Finally, surgery duration did 
not differ between PVB and all other groups.

Implications for Clinical Practice
For PVB versus general anesthesia/systematic analgesia, 
systematic reviews17,26 and meta-analyses23 reveal that PVB 
results in better postoperative pain control, less PONV, 
and shorter LOS than general anesthesia/systematic anal-
gesia for thoracotomy and mastectomy. Our meta-analy-
sis found that PVB reduced PONV and had a noninferior 
LOS. However, the pain control effect of PVB could not be 
reproduced because of the limited number of studies. More 
studies with larger sample sizes are required to confirm the 
possible superiority of pain control using PVB over general 
anesthesia/systematic analgesia.

For PVB versus neuraxial blocks, systematic reviews17 
and meta-analyses18 have shown that PVB provides compa-
rable postoperative pain control to neuraxial blocks for tho-
racotomy while causing less hypotension, urinary retention, 
and PONV. Our meta-analysis confirmed that PVB caused 
less postoperative nausea and urinary retention over spi-
nal anesthesia for inguinal herniorrhaphy. However, the 
currently available data were not strong enough to dem-
onstrate noninferiority on all outcomes of pain control or 
superiority on hemodynamic outcomes.

For PVB versus other peripheral nerve blocks, PVB 
seems to provide better pain control than other forms of 
peripheral nerve blocks from our systematic review. More 
RCTs are required to confirm these findings.

PVB requires a longer time to perform and has a clinically 
comparable failure (conversion to general anesthesia) rate 
(our meta-analysis10,12–14,40,43: 5.1% using landmark approach; 
other studies18,47,48: 4.4%–6.1%) to neuraxial blocks (other 
studies18,49–52: 3.2%–15.0%, spinal anesthesia or epidural 
block). The subgroup analysis demonstrated weak evidence 
that PVB using nerve stimulator guidance might provide bet-
ter pain control than PVB using a landmark approach.

PVB also has its own specific complications47,48: pneu-
mothorax (0.2%–1.0%), pleural puncture (0.8%–2.0%), epi-
dural/intrathecal spread (0.5%–1.1%), vascular puncture  
(3.8%–8.7%), hypotension (4.6%), and hematoma (1.9%–3.1%).  
Among the studies we analyzed, 4 patients (2.0%) had epi-
dural spread, 1 (0.5%) had hypotension, and 1 (0.5%) had 
a hematoma. In our meta-analysis, no studies reported 
any cases of pleural puncture (>60 patients16,40) or vascular 
puncture (>25 patients16).

Implications for Clinical Research
PVB may be a potential alternative to neuraxial blocks for 
other kinds of abdominal surgery, including colorectal, 
renal,53 hepatobiliary, gynecologic,54 and urologic surgery. In 
addition, continuous PVB may provide longer pain control 
for major surgery than a single injection.55 However, only a 
limited number of studies have investigated these applica-
tions of PVB. In addition, no RCT compared PVB with local 
anesthesia by surgeons for inguinal herniorrhaphy. Future 
studies may investigate this important topic.

Limitations
Clinical characteristics of the studies were heterogeneous, 
including techniques of PVB (unilateral versus bilateral, 
single versus multiple versus continuous, preoperative 
versus postoperative, types and doses of anesthetics) and 
postoperative analgesics. We had already separated the 
analyses of PVB versus general anesthesia/systematic anal-
gesia, spinal anesthesia, and other peripheral nerve blocks 
to minimize clinical heterogeneity and did subgroup analy-
ses if the number of studies allowed analysis. The numbers 
of included studies and the sample sizes were relatively 
small. There were publication bias and small study effects 
for some comparisons. Statistical exploration of the sources 
of heterogeneities was limited, but we have adopted the 
HKSJ method with Student t test to control for a type I error. 
Moreover, some clinically important outcomes (e.g., intra-
operative hemodynamic changes from baseline and opioid 
side effects) were not reported by all studies. These results 
have to be interpreted with caution. Moreover, despite mul-
tiple attempts by our team, we were rarely successful in 
contacting the authors for more detailed information.

CONCLUSIONS
PVB provides anesthesia with fewer undesirable effects in 
patients undergoing inguinal herniorrhaphy. The choice that 
the anesthesiologist will make between PVB with sedation, 
general anesthesia/systematic analgesia, neuraxial block 
(i.e., spinal anesthesia), and other peripheral nerve blocks 
must be based on the time available to perform the block 
before surgery and adequate blockade of the surgical site. E
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APPENDIx 1 
Searching Strategies

PubMed (26 Results)

Paravertebral AND inguinal AND (hernia OR 
herniorrhaphy).

MEDLINE (26 Results)

(TOPIC:(paravertebral) AND (TOPIC: (inguinal)OR 
MeSH HEADING:exp: (Groin)))AND ((TOPIC: (her-
nia) OR MeSH HEADING:exp: (Hernia) OR MeSH 
HEADING:exp: (Hernia)) OR (TOPIC:(herniorrhaphy) 
OR MeSH HEADING:exp: (Herniorrhaphy)))
Timespan: All years.Indexes: MEDLINE.

EMBASE (45 Results)

#4: #1 AND #2 AND #3
#3: ‘hernia’/exp OR hernia OR ‘herniorrhaphy’/exp OR 
herniorrhaphy
#2: inguinal
#1: paravertebral.

CENTRAL (14 Results)

Paravertebral AND inguinal AND (hernia OR herniorrha-
phy) in Title, Abstract, Keywords in Trials.

CINAHL (11 Results)

Paravertebral AND inguinal AND (hernia OR 
herniorrhaphy).
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Appendix 2. Search Results

MEDLINE PUBMED EMBASE CENTRAL CINAHL RCT?
Included?/reasons  

of exclusion
Akcaboy 2009 Akcaboy 2009 Akcaboy 2009 Akcaboy 2009 Yes Included
Akcaboy 2010 Akcaboy 2010 Akcaboy 2010 Akcaboy 2010 Yes Included

Al-Alami 2012 No Not RCT
Albokrinov 2013 No Not RCT
Bahar 2012 Bahar 2012 Yes Included
Batra 2011 No Not RCT

Baumgarten 2007 Baumgarten 2007 No Not RCT
Bhattacharya 2010 Bhattacharya 2010 Bhattacharya 2010 Bhattacharya 2010 Bhattacharya 2010 Yes Included

Bhattacharya 2010 
Erratum

No Erratum

Businger 2008 No Not RCT
Chaudhary 2009 Chaudhary 2009 Yes Local anesthetics 

mixture with versus 
without morphine

Djecevic 2013 No Not RCT
Eid 2009 No Not RCT

Elkassabany 2006 Elkassabany 2006 Elkassabany 2006 No Not RCT
Evans 1981 Evans 1981 No Not RCT
Finucane 2005 Finucane 2005 No Not RCT

Finucane 2005 No Not RCT
Ganapathy 2005 No Not RCT
Greengrass 2011 Greengrass 2011 Yes Comparing landmark 

approach with nerve 
stimulator guidance

Hadzic 2006 Hadzic 2006 Hadzic 2006 Hadzic 2006 Yes Included
Hadzic 2007 No Not RCT

Harms 1984 Harms 1984 Harms 1984 No Not RCT
Kairaluoma 2010 Yes Conference >3 years old

Karmakar 1999 Karmakar 1999 Karmakar 1999 Karmakar 1999 No Not RCT
Karmakar 2001 Karmakar 2001 No Not RCT

Kaya 2014 Yes Included
Kirchmair 2004 Kirchmair 2004 Kirchmair 2004 No Not RCT
Klein 1998 Klein 1998 Klein 1998 No Not RCT
Klein 2002 Klein 2002 Klein 2002 Klein 2002 Yes Included

Lam 2013 No Not RCT
Mandal 2011 Mandal 2011 Mandal 2011 Yes Included
Naja 2001 Naja 2001 Naja 2001 Yes Included
Naja 2002 Naja 2002 Naja 2002 Naja 2002 Yes Ventral herniorrhaphy
Naja 2005 Naja 2005 Naja 2005 Naja 2005 Naja 2005 Yes Included
Naja 2006 Naja 2006 Naja 2006 Naja 2006 Naja 2006 Yes Included

Oliver 2013 No Not RCT
Ozkan 2009 Ozkan 2009 Ozkan 2009 Ozkan 2009 Ozkan 2009 Yes Cadaver study

Pellini 2008 Yes Conference >3 years old
Pellini 2009 Yes Conference >3 years old

Sayilir 2011 No Not RCT
Schultz 1958 No Not RCT

Starling 1987 Starling 1987 Starling 1987 No Not RCT
Starling 1989 Starling 1989 No Not RCT

Stoltzfus 2010 No Not RCT
Tighe 2010 No Not RCT

Tug 2011 Tug 2011 Tug 2011 Tug 2011 Tug 2011 YES Included
Wassef 1998 Wassef 1998 Wassef 1998 Wassef 1998 Wassef 1998 Yes Included
Weltz 2003 Weltz 2003 Weltz 2003 No Not RCT

Werner 2014 No Not RCT
White 2006 No Not RCT
White 2007 No Not RCT

Wood 1981 Wood 1981 Wood 1981 Wood 1981 Yes Included
Yilmazlar 2007 No Not RCT

RCT = randomized controlled trial.


