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Background: While most trials of thoracic paravertebral nerve blocks (TPVB) for breast surgery
show benefit, their effect on postoperative pain intensity, opioid consumption, and prevention
of chronic postsurgical pain varies substantially across studies. Variability may result from use of
different drugs and techniques.

Objectives: To examine the use of TPVB in breast surgery, and to determine which method(s)
provide optimal efficacy and safety.

Study Design: Mixed-Effects Meta-Analysis.

Methods: We conducted a systematic review of randomized trials comparing TPVB to no
intervention using random-effects models. To evaluate the contributions of various techniques,
clinical approaches were included as moderators in mixed-effects models.

Results: A total of 24 randomized controlled trials (RCTs) with 1,822 patients were included. Use
of TPVB decreased postoperative pain scores at rest and movement at the first 2, 24, 48, and 72
hours. TPVB modestly decreased intraoperative and postoperative opioid consumption, reduced
nausea and vomiting, and shortened hospitalization, but to a probably clinically irrelevant degree.
Blocks also appeared to reduce the incidence of chronic postsurgical pain at 6 months. Adding
fentanyl to the TPVB improved pain at rest (at 24, 48, and 72 hours) and movement (at 24 and 72
hours). Multilevel blocks provided better postoperative pain control, but only during movement (at
2,48, and 72 hours). Fewer procedural complications (especially hypotension, epidural spread, and
Horner's syndrome) occurred when anatomical landmarks were supplemented with ultrasound
guidance.

Limitations: The number of studies available was limited in the meta-analytic model of incidence
of chronic post-surgical pain.

Conclusion: TPVB reduces postoperative pain and opioid consumption, and has a limited
beneficial effect on the quality of recovery. From all the techniques that were evaluated, only
the addition of fentanyl, and performing multilevel blocks were associated with improved acute
analgesia. TPVB may reduce chronic postsurgical pain at 6 months.

Key words: Thoracic paravertebral block, breast surgery, anesthesia, acute pain, chronic pain,
nausea, vomiting, length of stay, techniques, variability, meta-regression, meta-analysis, moderators
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reast cancer is the most common noncutaneous
cancer in U.S. women. In 2015, an estimated
60,290 cases of in situ disease and 231,840
new cases of invasive breast cancer were expected in

the United States (1). Because breast surgery is the
primary treatment modality for breast cancer, nearly
all patients presumably had surgery (2).

A large European multicenter survey of postoper-
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ative pain management showed that current manage-
ment remains suboptimal (3), which is consistent with
a recent analysis showing little progress from 1993 to
2012 (4). In fact, about 40% of women still complain of
clinically meaningful acute pain (i.e., > 5/10 on a numer-
ic rating scale) after breast cancer surgery (5). Failure to
provide good postoperative pain control is associated
with poor recovery, prolonged hospitalization, and pos-
sibly increased risk of developing chronic post-surgical
pain (CPSP) (5). Numerous analgesic modalities have
been suggested, including opioids, thoracic paraver-
tebral blocks (TPVB), epidural analgesia, and lidocaine
infusion (6), with variable efficacy and safety.

TPVB may be an effective analgesic approach for
breast cancer surgery. Two meta-analyses (7,8) showed
TPVB to be a feasible and effective method for reduc-
ing pain after breast surgery. Most included studies
showed TPVBs to provide effective analgesia, reduce
opioid consumption, and decrease the risk of devel-
oping chronic postsurgical pain. However, treatment
effect varied considerably among studies. Moreover, a
recent well-designed randomized controlled trial (RCT)
showed no significant improvement in acute or chronic
pain of TPVB versus control (9).

Our purpose therefore was to: 1) examine the extent
to which the use of TPVB reduces postoperative pain,
decreases opioid consumption, and improves recovery
quality after breast surgery; and 2) determine which
specific techniques(s) are safest and most effective.

METHODS

Search Strategy

A systematic review of the literature was undertak-
en on July 25, 2014. Databases included were MEDLINE
via PubMed, the Cochrane Library, and Web of Science's
Core Collection (excluding MEDLINE) and SciELO Cita-
tion Index. The search was not limited by language or
date. Searches combined terms for thoracic paraverte-
bral blocks, breast surgery, and pain.

PubMed search strategy:

(((((((((((Nerve  Block[mesh]) OR  Analgesics,
Opioid[mesh]) OR Anesthesia, General[mesh]) OR
thoracic paravertebral block) OR PVB) OR PVBS) OR
TPVB) OR TPVBS)) AND (((((((((Mastectomy[mesh]) OR
Axilla/surgery[mesh]) OR Lymph Node Excision[mesh])
OR Sentinel Lymph Node Biopsy[mesh]) OR mastec-
tomy) OR breast surgery) OR breast cancer surgery)
OR breast conserving surgery) OR axillary dissection)))

AND ((((((((((((Pain[mesh]) OR Chronic Pain[mesh]) OR
Pain, Postoperative[mesh]) OR Neuralgia[mesh]) OR
Causalgia[mesh]) OR Somatosensory Disordersimesh])
OR pain) OR chronic pain) OR postoperative pain) OR
postsurgical pain) OR neuropathic) OR phantom pain)

In addition, we searched www.clinicaltrials.gov for
ongoing studies. We then attempted to contact the
corresponding author and asked for ongoing/accepted
publications, however, this approach was not successful.
EndNote X7 was used to combine and remove duplicate
citations. This study is reported following the PRISMA
guideline (10).

Definition of Relevant Outcome

Primary outcomes were (1) acute postoperative
pain scores in the first 72 hours at rest and during
movement; (2) opioid consumption: intraoperatively
and during the initial 24 postoperative hours; and (3)
incidence of chronic postsurgical pain.

Secondary outcomes were (1) incidence of nausea;
(2) incidence of vomiting; (3) duration of hospital stay;
and (4) block-related complications.

Selection Criteria

Two authors (AST and RST) screened the literature
and selected the relevant articles. The search results
were first screened to determine the eligible articles
by reading the title and the abstract of each item. Full
articles were sought for studies identified by this initial
screen. The reviewers were not blinded to the authors
of the selected studies. Inclusion and exclusion criteria
were established a priori.

For our primary outcomes (pain intensity, opioid
consumption, and incidence of chronic postsurgical
pain), we restricted inclusion to prospective RCTs com-
paring TPVB to control as a main analgesic modality in
patients having breast surgery. Control groups with no
block, sham block, or block with saline under general
anesthesia or sedation were acceptable. Trials that com-
pared TPVB to other intervention techniques (e.g., local
infiltration or other block) were excluded.

For secondary outcomes (e.g., nausea, vomiting,
and length of hospital stay), both prospective RCTs
and retrospective studies were considered eligible.
Retrospective studies were included in the examination
of secondary outcomes to increase the number of pa-
tients, as these outcomes were less frequently reported.
To investigate procedure complications, prospective
RCTs, retrospective studies, and case series were all con-
sidered eligible.
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Data Extraction

Two authors (AST and RST) independently extracted
the relevant data from articles that met the selection
criteria, and their results were compared to maintain
accuracy. If differences were observed, the article was
reviewed again. Data collected included: author names;
year of publication; language in which the article was
written; country in which the study took place; type of
surgery; description of techniques and drugs used in the
TPVB group; type of control group; additional postopera-
tive analgesia; prophylactic anti-emetic use; pain scores
in the first 2 hours, 24 hours, 48 hours, and 72 hours at
rest and at movement (if unspecified, pain was assumed
to have been assessed at rest); morphine equivalent opi-
oid consumption during surgery, in the first 2 hours, and
24 hours, incidence and time of chronic postsurgical pain
(CPSP); incidence of nausea, vomiting, procedure compli-
cations; and duration of hospital stay (in hours).

Among studies meeting our selection criteria,
postoperative acute pain was assessed either using the
visual analogue scale (VAS), ranging from 0 to 100, or
the numeric rating scale (NRS), ranging from 0 to 10.
All pain scores were converted to the NRS pain score,
ranging from 0 to 10. If pain scores were not reported
in the time frame that we designated (e.g., at 24 hours),
average pain scores reported during the relevant period
were used.

Opioids were converted to morphine equivalent us-
ing a standardized conversion calculator (11). Variables
that were reported only graphically (e.g., pain scores)
were estimated by manual measurements of the cor-
responding figures. For studies in which incidences of
nausea and/or vomiting were not reported separately,
but were reported as incidences of postoperative nau-
sea and vomiting (PONV), such events were coded as
nausea incidences. For studies in which the number of
anti-emetics used was reported instead of incidences of
nausea and/or vomiting, the number of anti-emetic was
coded as incidences of vomiting.

In studies that only reported median and inter-
quartile (IQR), we assumed that the mean was close
to the median, therefore we took the value of median
as a mean, and calculated the standard deviation (SD)
as (IQR/1.35) (12). For studies that reported only mean
without SD, we imputed the SD using the average SD
from the remaining studies with no missing SDs (13).

Assessment for Risk of Bias
The risk of bias was assessed using the Cochrane
Collaboration’s risk of bias assessment tool (14). Two

independent authors (AST and AS) assessed each trial
and differences were resolved by consensus.

A Priori Hypothesis for Sources of Variability
in Effect Sizes

Because studies used different techniques, we
considered the hypothesis that variability among tech-
niques contributed to heterogeneity across studies. As
such, we examined the extent to which various tech-
niques modulated the effect of TPVB. For outcomes
of postoperative acute pain and opioid consumption,
the following moderators (factors) were examined:
(1) the number of block levels: single versus multiple;
(2) whether blocks were anatomically or ultrasound-
guided; (3) single injection versus infusion; (4) type of
drug used; (5) addition of epinephrine to the mixture;
(6) the addition of fentanyl to the mixture; and (7) use
of nitrous oxide. No moderator testing was planned for
CPSP meta-analysis, as the number of included studies
was limited.

For outcomes of nausea and vomiting, we exam-
ined moderating effects of: (1) addition of fentanyl to
the mixture; (2) use of prophylactic anti-emetics; and
(3) use of nitrous oxide. For analysis of procedure com-
plications, we considered the moderating effects of:
(1) anatomically versus ultrasound-guided block; and
(2) single versus multiple-level blocks.

Data Analysis

We used random-effects (RE) models to determine
the overall intervention effect, taking into account het-
erogeneity among true effects of TVPB versus control.
The assumption in RE models is that the true effect
sizes vary among studies, and the technique is thus
recommended when heterogeneity is present (15,16).
For continuous outcomes (e.g., acute pain, opioid con-
sumption), the overall pooled estimates were reported
as weighted standardized mean difference (SMD) with
95% confidence intervals (Cl), to take into account the
differences in sample sizes across studies (17). The SMD
transforms all effect sizes to a common metric, and
thus enables including different outcome measures
in the same analysis (13). For dichotomous outcomes
(e.g., incidences of nausea and vomiting), the pooled
estimates were reported as odds ratio (OR) with 95%
cl.

We assessed heterogeneity using the Cochran’s
Q (18) and the | statistic (19). The Cochran’s Q is the
sum of the squared deviations of each study’s estimate
from the overall meta-analytic estimate, weighing
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each study similarly as in the meta-analysis. Cochran’s
Q is then compared with a y2 distribution with k — 1
degrees of freedom (where k = the number of stud-
ies). If Cochran’s Q is significantly larger than the cor-
responding y2 statistic, it suggests that some studies
evaluate different effects. In other words, that there
is heterogeneity of the true effects among studies.
Heterogeneity was also estimated using 12, which is the
proportion of total variance in the true effects across
studies that can be attributed to true effect differences,
rather than chance (i.e., sampling error). Larger 12 val-
ues indicate increasing heterogeneity among studies,
whereas smaller 12 values indicate less heterogeneity.
The corresponding estimated coefficients (B) indicate
the mean differences in the estimated effects between
TVPB and control groups.

To test the extent to which study-level variables
(e.g., the number of block levels, block technique) influ-
ence the size of the average true effects (i.e., the effect
of TVPB versus control), study-level variables were in-
cluded as moderators (covariates) in the mixed-effects
models.( Mixed-effects (ME) model is also known as
meta-regression models.) The model estimates hetero-
geneity among the true effects that does not result
from study-level variables, accounting for moderators.

The proportion of heterogeneity accounted for by
the study-level variables is provided by the R2 index.
Larger R2 values suggest that the moderator included
accounts for a large proportion of the heterogeneity of
the estimated effects. To test for differences between
levels of the moderator, an omnibus test (QM) was also
computed in our mixed-effects model. The P-value ob-
tained is the proportion of times that the QM is extreme
or more extreme than the actually observed one. The
corresponding estimated coefficients (B) indicate the
mean differences in the estimated effects between a
specific level and the reference category (intercept) (20).

Publication Bias Assessment

If study reporting is biased (e.g., only studies with
large and/or significant findings are published), the ob-
served true effects may be related to the sample sizes,
sampling variances, and/or standard errors, resulting in
asymmetric funnel plots (21). We explored the presence
of funnel plot asymmetry in the RE models due to stan-
dard errors using regression tests (22), as an indication
of bias (23).

Analyses were performed using Review Manager
(RevMan Version 5.3. Copenhagen: The Nordic Co-
chrane Centre, The Cochrane Collaboration, 2014), and

the metafor package version 1.9-4 (20) in R statistical
software version 3.1.1 (The R Foundation for Statistical
Computing, Vienna, Austria).

REesuLTs

Studies Selection and Characteristics

We found 426 citations: 293 citations from PubMed,
123 from Cochrane, and 10 from the Web of Science.
A PRISMA flow diagram is presented in Fig. 1. Twenty-
four randomized clinical trials were included in the
current meta-analysis; 22 in the English language, one
in Spanish, and one in Russian. Of the studies included,
4 were from the US, 3 from Ireland, 2 from Finland, 2
from India, one from Canada, one from Australia, one
from China, one from Egypt, one from Lebanon, one
from Iran, one from Netherlands, one from Russia, one
from Denmark, one from Thailand, one from Taiwan,
one from Spain, and one was multi-national (Table
1). Attempts to contact authors to clarify or ask for
unpublished data were mostly unsuccessful. We did,
though, include unpublished data from Wu et al (24) in
our analysis of nausea, vomiting, and length of hospital
stay.

Risk of Bias Assessment

Among the included studies, the most frequently
found bias was performance bias; only 6 studies (out of
24) were blinded (Fig. 2).

Acute Postoperative Pain

Overall Intervention Effects

Data from 22 RCTs (9,24-46), including 1,714 pa-
tients (915 in the TPVB group and 799 in the control
group), were used for the meta-analyses of acute
postoperative pain. Only 7 studies reported pain scores
after the first 24 hours (9,26,28,33,34,39,45), and only 8
studies reported pain with movement (9,28,31,33,34,40-
42). Forest plots of the estimated main effect sizes are
available in the appendix, while the main findings are
summarized below.

Pain at rest was modestly but statistically signifi-
cantly less for patients in the TPVB group than for those
in the control group during the first 2 hours after sur-
gery (SMD = -1.24, 95%Cl = -1.58 to -0.90, P < 0.0001),
the first 24 hours (SMD =-0.89, 95%Cl =-1.29 t0 -0.49, P
< 0.0001), the first 48 hours (SMD =-1.07, 95%Cl = -2.20
t0 0.04, P < 0.0001), and the first 72 hours (SMD = -0.60,
95%Cl = -1.17 to -0.03, P < 0.0001). The tests for het-
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Fig. 1. PRISMA 2009 flow diagram.

erogeneity for the models were significant, suggesting
variability of the true effects for pain at rest between
TPVB and control among studies (Table 2).

Pain at movement similarly was modestly but sta-
tistically significantly less for patients in the TPVB group
than for those in the control group during the first 2
hours after surgery (SMD =-1.04, 95%Cl =-1.85t0 -0.22,
P =0.013), the first 24 hours (SMD =-1.35, 95%Cl =-1.93
to -0.77, P < 0.0001), the first 48 hours (SMD = -2.32,
95%Cl =-4.17 to -0.47, P = 0.014), and the first 72 hours

(SMD = -1.97, 95%Cl = -3.57 to -0.37, P = 0.016). The
tests for heterogeneity for the models were significant,
suggesting variability of the true effects for pain at
movement between TPVB and control among studies
(Table 3).

Moderator Analyses

Since the potencies of the drugs are different (e.g.,
ropivacaine is less potent than bupivacaine when used
at the same concentration and doses) (48), and since
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Table 1. Summary of the enrolled RCTs.

Number Control and
Author(s)/year | of adjuvant
patients TPVB techniques used TPVB drugs used medications
1) Pusch et al T=44 Anatomical landmark, Bupivacaine 0.5% (0.3mL/kg) with Epi GA with TIVA
(1999) (25) C=42 (E&W)** technique, single
injection at T4
2) Klein et al T =30 Anatomical landmark, Bupivacaine 0.5% (4 mL)/level with Epi Propofol sedation
(2000) (26) C=30 multiple at T1-7
3) Terheggenetal | T=15 Anatomical landmark, Bupivacaine 0.5% (15 — 20mL), with Epi Propofol sedation
(2002) (27) C= (E&W)** technique, catheter Infusion thought surgery
at T3-4 space
4) Naja et al (2003) | T =30 Anatomical landmark with Lidocaine 2%, bupivacaine 0.5%, fentanyl, clonidine | Propofol sedation
(28) C=30 nerve stimulator, multiple and Epi
injections at T2-5 for SM,
T2-4 for PM, T1-5 for MRM.
5) Kairaluoma et al | T =30 Anatomical, loss of resistance, | Bupivacaine 0.3mL/kg GA with
(2004) (29) C=30 single injection at T3 sevoflurane
6) Buggy & Kerin | T =10 Anatomical landmark, at T3 Levobupivacaine 0.25% bolus followed by infusion | GA with isoflurane
(2004) (30) C=10 or 4 space for 24 hours and nitrous oxide
7) Burlacu et al T(a)=13 Anatomical landmark, catheter | T (a): levobupivacaine 0.25% plus 1mL normal GA with
(2006) (31) T (b) =13 | at T3, infusion for 48 — 72hr saline, followed by infusion of levobupivacaine 0.1% | sevoflurane and
T(c)=12 T (b): levobupivacaine 0.25% plus fentanyl 50 mcg, | nitrous oxide
C=14 followed by infusion of levobupivacaine 0.05% with
fentanyl
T (c): levobupivacaine 0.25% with clonidine 150
mcg, followed by infusion of levobupivacaine 0.05%
with clonidine
8) Kairaluoma et al | T =30 Anatomical, loss of resistance, | Bupivacaine 0.3mL/kg GA with
(2006)* (32) C=30 single injection at T3 sevoflurane
9) Iohom et al T=14 Anatomical, loss of resistance, | Bupivacaine 0.25% (10 mL/12 hr) up to 48 hours GA with
(2006)* (33) C=15 catheter at T3 postoperatively sevoflurane and
nitrous oxide
10) Shkol ' nik etal | T =90 Anatomical, loss of resistance, | Bupivacaine 0.125% / Ropivacaine 0.2% 4 - 5 mL at | GA with TIVA
(2006) (34) C=90 multiple levels from C7-Té6. each level
11) Dabbagh T =30 Anatomical, loss of resistance, | Lidocaine 2% (15mL) GA halothane with
&Elyasi (2007) C=30 single at T4 nitrous oxide
(35)
12) Moller et al T=38 Anatomical, multiple levels Ropivacaine 0.5% (30mL) GA with TIVA
(2007) (36) C=41 from C7-T5
14) Boughey et al T=39 Anatomical, loss of resistance, | Ropivacaine 1% and 0.5% with Epi GA
(2009) (37) C=41 multiple levels from T1-T6
15) Arunakul & T=10 Anatomical, single level at T4 | Bupivacaine 0.5% 3mL/kg GA with isoflurane
Ruksa (2010) (38) [ C=10 and nitrous oxide
16) Buckenmaier T (a) =26 Anatomical, single at T3 T (a): ropivacaine 0.1% GA
etal (2010) (39) T (b) =26 | infusion for 72 hours T (b): ropivacaine 0.2 %
C=21
17) Jehan & Abdel- | T =20 Anatomical, loss of resistance, | Lidocaine 2% (with Epi) bolus then infusion with GA with isoflurane
halim (2011) (40) | C=20 nerve stimulator, single at T4 lidocaine 1% at rate of 5mL/hr
18) Lietal (2011) | T=15 Ultrasound-guided, multiple Bupivacaine 0.5% with Epi, 3 - 5mL at each level GA with
(41) C=25 levels from T2-5 desflurane
19) Ibarra et al T=15 Anatomical, nerve stimulator, | Ropivacaine GA
(2011)* (42) C=14 single level
20) Bhuvaneswari | T (a) = 12 Anatomical, single at T3 T (a): bupivacaine 0.25% + Epi GA
etal (2012) (43) T (b) =12 T (b): bupivacaine 0.25% + Epi + fentanyl
T(c)=12 T (c): bupivacaine 0.5% + Epi
C=12
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Table 1 (cont.). Summary of the enrolled RCTs.

Number Control and
Author(s)/year | of adjuvant
patients TPVB techniques used TPVB drugs used medications
20) Das et al T =30 Anatomical, multiple levels Bupivacaine 0.5% 5mL at each level GA volatile with
(2012) (44) C=30 from T3-6 nitrous oxide
21) Abdallah etal | T =33 Ultrasound-guided Ropivacaine 0.5% (total 25mL) GA with
(2014) (45) C=31 (hydrolocation technique), sevoflurane and
Multiple levels T1-5 nitrous oxide
22) Iifeld et al T=30 Ultrasound-guided, single at Ropivacaine 0.5% with Epi GA
(2014) (46) C=30 T3-4, catheter inserted

23) Karmakar et al | T (a) = 60 Anatomical, single injection

T (a): ropivacaine 2 mg/kg with Epi (5 pg/mL) then | GA with TIVA

a T 2-4 catheter or multi-level
injections from T 1 to 5.

(2014)* (9) T (b) =57 | at T3 followed by infusion for | infusion of 0.9% saline
C=60 72 hours T (b): ropivacaine 2 mg/kg with Epi (5 pg/mL) then
0.25% ropivacaine at 0.1 mL/kg/hr
24) Wu et al (2015) | T =187 Anatomical, multiple levels, or | Bupivacaine 0.5% or ropivacaine 0.5% with Epi. GA with
(24) C=199 catheter infusion: either with | When a multi-level technique was used, ropivacaine | sevoflurane

0.75%, 5mL, was given at each of the 5 levels
When infusion: 6 — 10 mL/h of either solution up to
48 hours

*Studies reporting chronic post-surgical pain. **E&W: Eason and Wyatt technique (47).
TPVB = thoracic paravertebral block, T = thoracic paravertebral block group, C = control group, TIVA = total intravenous anesthesia, GA =
general anesthesia, Epi = epinephrine, SM = simple mastectomy, PM = partial mastectomy, MRM = modified radical mastectomy

the concentration and doses used were not always
mentioned in the studies under consideration, we ex-
cluded drug comparisons from the moderator analysis.

Pain at rest: The use of fentanyl in the block mix-
ture was found to moderate the effect of TPVB at the
first 24, 48, and 72 hours; studies that used fentanyl
reported less acute pain at rest for the TPVB group than
for the control group (Table 2). The other potential
moderators did not significantly affect acute postop-
erative pain at rest. Fig. 3 illustrates how these factors
affect the efficacy of TPVB.

Pain at Movement

The use of fentanyl in the block mixture was found
to moderate the effect of TPVB in the first 24 and 72
hours; studies that used fentanyl reported less acute
pain at movement for the TPVB group than for the
control group. The use of multiple-level blocks was
found to moderate the effect of TPVB in the first 24,
48, and 72 hours; studies that used multiple-level blocks
reported less acute pain at movement for the TPVB
group than for the control group (Table 3). The other
potential moderators did not significantly affect acute
postoperative pain at movement. Fig. 4 illustrates how
these factors affect the efficacy of TPVB.

Opioid Consumption
Datafrom 16 RCTs (9,24,26,29-31,34-36,38,40,41,43-

46), including 1,406 patients (744 in the TPVB group
and 662 in the control group), were used in the meta-
analysis of opioid consumption. Eleven studies reported
the intraoperative opioid used, 7 studies reported opi-
oid used in the first 2 hours (post-anesthesia care unit),
and 9 studies described the consumption of opioids in
the first 24 hours. Forest plots of the estimated main ef-
fect sizes are available in the appendix, while the main
findings are summarized below.

Intraoperative opioid consumption (in mg) was sta-
tistically significantly less for patients in the TPVB group
as compared with those in the control group (SMD =
-1.03, 95%Cl =-1.45 t0 -0.60, P < -.0001), with significant
heterogeneity (12 = 89.73%, Q = 101.60, P = < 0.0001).
Postoperative opioid consumption (in mg morphine
equivalent) was significantly lower for patients in the
TPVB group than those in the control group in the first
2 hours (SMD =-0.62, 95%Cl = -0.99 to -0.25, P = 0.001),
with significant heterogeneity (12 = 75.42%, Q = 26.04,
P = 0.0005) and the first 24 hours (SMD = -1.90, 95%Cl
=-2.83 to0 -0.96, P < 0.0001), with significant heteroge-
neity (12 = 95%, Q = 274, P < 0.0001). None of these
differences is likely to be clinically important.

Of the moderators tested, only nitrous oxide
(N20) had a statistical effect on intraoperative opioid
consumption: SMD = -1.52, 95%Cl = -2.13 to -0.91 in
patients who had N20O versus SMD = -0.71, 95%Cl =
-1.19 to -0.23 in patients who did not have N20. Tests
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Fig. 2. Risk of bias assessment using Cochrane criteria.

for heterogeneity: 12 87.16%, Q = 83, P = < 0.0001, R2
= 23.19. Moderator statistics: B = -0.813 (95% Cl =-1.59
to -0.03), P = 0.040 and on opioid consumption during
the first 2 hours postoperatively: SMD = -1.57, 95%Cl
-2.41 to -0.74 in patients who had N20O versus SMD =
-0.43, 95%CI = -0.74 to -0.12 in patients who did not
have N20O. Tests for heterogeneity: 12 =61.95%, Q = 19,
P = 0.014, R2 = 52.32. Moderator statistics: p = -1.142
(95% Cl =-2.03 to -0.25), P=0.011.

Secondary Outcomes

Data from 19 studies, 16 randomized clinical trials
(24,25,27-29,31,35-38,40,41,43-45) and 4 retrospective
cohort studies (49-52), including 2,989 patients (1,486 in
the TPVB group and 1,503 in the control group), were
included in the meta-analysis for the quality of recov-
ery (nausea, vomiting, and length of hospital stay). We
also did a separate analysis for those outcomes from
randomized clinical trials only, and we found overall
similar conclusions (data not presented).

The use of TPVB was found to be associated with
a decreased incidence of nausea (OR =-0.83, 95% Cl =
-1.17 to -0.49, P < 0.0001), with significant heterogene-
ity (12 = 41.92%, Q = 24.75, P = 0.009), and decreased
incidence of vomiting (OR = -0.87, 95% CI = -1.39 to
-0.34, P = 0.001), with significant heterogeneity (12 =
52.13%, Q = 19.18, P = 0.013). The average length of
hospital stay for patients in the TPVB group was statisti-
cally significantly less (SMD = -0.60 hour, 95% Cl =-1.13
to -0.06, P = 0.028) than that in the control group, with
significant heterogeneity (12 = 94.37%, Q = 50.32, P <
0.0001). However, this small difference is unlikely to be
clinically important.

No moderators were found to have a significant ef-
fect in the efficacy of TPVB on nausea, vomiting, or the
length of stay. Fig. 5 illustrates the effect of TPVB in inci-
dences of nausea, vomiting, and length of hospital stay.

Chronic Postsurgical Pain

Data from 4 studies (9,32,33,42), including 295
patients (176 in the TPVB group and 119 in the control
group), were used in the meta-analyses for incidence of
CPSP. Two studies reported the incidence at 3 months
(9,33), one at 5 months (42), 2 at 6 months (9,32), and
one at 12 months (32). Due to the limited number
of studies available, incidences of CPSP reported at 5
months were treated as CPSP reported at 6 months.
Results indicated a reduction in the incidence of CPSP
at 6 months (RR 0.70 [0.49 to 0.99] P = 0.04) but not
at 3 months (RR 0.71 [0.45 to 1.13] P = 0.15) for the
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Table 2. Meta-analyses evaluating the effect of TVPB on acute pain (at rest) compared with control.

Model Test for heterogeneity Model/moderator statistics
ode
12 (%) Q P R2 B 95% CI P
First 2 hours RE 87.39 110.35 <.0001 -1.24 [-1.58,-0.90] <.0001
RE 90.78 142.59 <.0001 -0.89 [-1.29,-0.49] <.0001
First 24 hours
ME (fentanyl) a 77.85 23.62 <.0001 65.31 -2.53 [-3.55, -1.51] <.0001
RE 97.59 77.85 <.0001 -1.08 [-1.08, 0.04] 0.060
First 48 hours
ME (fentanyl) a 69.61 42.99 <.0001 95.07 -4.05 [-5.26, -2.84] <.0001
RE 91.50 51.35 <.0001 -0.60 [-1.66, -0.03] 0.040
First 72 hours
ME (fentanyl) a 71.94 15.90 <.0001 77.91 -2.11 [-3.14, -1.07] <.0001

12 = proportion of heterogeneity; Q = test statistic, test statistic for random effects model, test statistic for the omnibus test of coefficients for
mixed effects model; p = estimated coefficients (mean differences in the estimated effects); R2 = amount of heterogeneity accounted for; RE =
random effects model; ME = mixed effects model. aThe estimated average acute pain score was lower for studies using fentanyl than those not

using fentanyl.

Table 3. Meta-analyses evaluating the effect of TVPB on acute pain (at movement) compared with control.

Test for heterogeneity Model/moderator statistics
Model 12 (%) Q P R2 B 95% CI P

First 2 hours RE 95.06 151.78 <.0001 -1.04 [-1.85, -0.22] 0.013
ME (level) a 90.51 6.58 0.010 42.45 2.08 [0.01, 0.49] 0.010

ME (method) b 93.11 5.30 0.021 34.93 -2.75 [-5.10, -0.41] 0.021
First 24 hours RE 90.68 91.89 <.0001 -1.35 [-1.93,-0.77] <.0001
ME (fentanyl) ¢ 84.06 8.46 0.004 48.43 -1.79 [-2.99, -0.58] 0.004

First 48 hours RE 98.42 187.92 <.0001 -2.32 [-4.17,-0.47] 0.014
ME (level) a 76.31 45.47 <.0001 94.64 3.63 [2.58, 4.69] <.0001

First 72 hours RE 98.18 109.47 <.0001 -1.97 [-3.57,-0.37] 0.016
ME (fentanyl) ¢ 93.55 12.87 0.0003 78.45 -3.88 [-5.99, -1.76] 0.0003

ME (level) a 94.74 6.40 0.011 60.30 2.73 [0.62, 4.85] 0.011

12 = proportion of heterogeneity; Q = test statistic, test statistic for random effects model; test statistic for the omnibus test of coefficients for
mixed effects model; p = estimated coefficients (mean differences in the estimated effects); R2 = amount of heterogeneity accounted for; RE =

random effects model; ME = mixed effects model.

aThe estimated average acute pain score was higher for studies using single level than those using multiple levels blocks.
bThe estimated average acute pain score was lower for studies using anatomical than those using ultrasound.
cThe estimated average acute pain score was lower for studies using fentanyl than those not using fentanyl.

TPVB group versus the control group (Fig. 6). Results
suggested no statistically significant heterogeneity in
these meta-analytic models. Nonetheless, the assess-
ments of CPSP were inconsistent across studies, just as
the time for diagnosis of CPSP was inconsistent across
studies. The limited number of studies precluded us
from examining the effect of moderators on TPVB.

Complications
Information of procedure complications was ex-
tracted from 26 studies; 18 RCTs, 5 retrospective cohort

studies, and 3 case series. Table 4 summarizes the re-
ported complications with covariates comparisons.

Publication Bias

In the present study, the presence of funnel plot
asymmetry in the RE models was explored using re-
gression tests (22). Results showed asymmetry in the
funnel plots of the following RE models: acute pain
at rest (first 2 hours, first 24 hours, and first 48 hours),
acute pain at movement (first 72 hours), and opioid
consumption (first 2 hours). Although it is premature
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Fig. 3. Forest plots for pain scores at rest. (A) During the first 24 hours, (B) at 48 hours, (C) at 72 hours. Adding fentanyl to
the mixture was used as moderator and should provide significant pain control in the first 72 hours. The observed effects, based on
the random-effects model, are indicated with the black square with the outer edges indicating the 95% confidence interval limits.
The size of each square is proportional with the weight of that particular study in the meta-analysis. The estimated effects of the
moderator on each study, based on the mixed-effects model, are represented by the gray polygons. The black polygons at the bottom
of each figure represent the overall estimated effect of the moderator.

to conclude that publication bias exists for these mod- Discussion

els, researchers should interpret results from these We found that use of TPVB for breast surgery
models with caution, as the pooled estimates may be  reduced acute pain within the first 72 hours, both at
biased. rest and movement, even in studies that did not use
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Fig. 4. Forest plots for pain scores at movement. (A) During the first 24 hours, (B) at 48 hours, (C) at 72 hours. Adding fentanyl
to the mixture was selected as moderator in A, while using multiple levels block versus single was selected as moderator in B and C.
The observed effects, based on the random-effects model, are indicated with the black square with the outer edges indicating the 95%
confidence interval limits. The size of each square is proportional with the weight of that particular study in the meta-analysis.
The estimated effects of the moderator on each study, based on the mixed-effects model, are represented by the gray polygons. The
black polygons at the bottom of each figure represent the overall estimated effect size for the moderator.
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Fig. 5. Forest plots for secondary outcomes. (A) Nausea: thoracic paravertebral block reduced the incidence of postoperative
nausea, as assessed by random-effects modeling. (B) Vomiting: thoracic paravertebral block reduced the incidence of
postoperative vomiting, as assessed by random-effects modeling. (C) Thoracic paravertebral block is associated with statistically
significant reduction of the length of hospital stay, as assessed by random-effects modeling.
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Fig. 6. Forest plot for CPSP, assessed using random-effects modeling.

Table 4. Reported thoracic paravertebral block complications in breast surgery.

Complication Total Anatomical vs ultrasound Single vs multiple levels

ota

Anatomical | Ultrasound | P-value* | Single | Multiple | P-value*

Failure** 5.6% 5.6% 5.3% 0.985 3.4% 7.7% 0.024
(9,26,28-30,33,34,36,39,41,44,45,49-51,53-56) | 64 (1255) | 50 (992) 14 (263) : 20 (583) | 44 (672) :
2.33,34.56.37.3 41,44,45.49-51.53-56) 35(1639) | 35 (1376) 0(263) 12 (632) | 23 (1007)
Horner’s syndrome

1.8% 2.2% 0% 1.5% 2%
(Si,)25,26,28,29,33,34,36,37,39,41,44,45,49,51,53- 22 (1342) 22 (1079) 0(263) 0.012 9(617) | 12(725) 0.949
Vascular puncture 0.5% 0.6% 0% 0.347 0% 1% 0.010
(9,25,26,28,29,33,34,36,39,41,44,45,49,51,53-56) 6(1164) 6(901) 0(263) ’ 0(617) 6 (547) ’
Epinephrine 0.3% 0.4% 0% 1 0.2% 0.3% 1
absorption (9,25,28,39,41,49-51,55-57) 2 (842) 2 (612) 0 (230) 1 (403) 1(439)
Convulsions 0.2% 0.3% 0% 1 0.3% 0% 1
(9,28,29,33,34,36,39-41,44,45,51,53-56) 2 (954) 2 (691) 0 (263) 2(593) | 0(361)
Pneumothorax 0.1% 0.1% 0% 1 0% 0.1% 1
(9,24-26,28,29,33,34,36,37,39-41,44,45,49-57) 2 (1945) 2 (1450) 0 (495) 0(637) | 2(1308)
Hemothorax 0% 0% 0% 1 0% 0% 1
(9,25,26,28,29,33,34,36,37,39,41,44,45,49,51-57) 0(1613) 0(1118) 0 (495) 0(617) 0(996)
Nerve damage 0% 0% 0% 1 0% 0% 1
(9,25,26,28,29,33,34,36,39,41,44,45,49,51,53-56) 0(1164) 0(901) 0(263) 0(617) 0 (547)

*P-value calculated by Chi-square and Fisher exact tests, as applicable.
**Failure: whenever authors mentioned block failure or that the procedure converted to general anesthesia while it was planned to be under seda-

tion because the patient cannot tolerate pain.
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continuous infusions. Paravertebral blocks had a lim-
ited effect on intraoperative and postoperative opioid
consumption during the initial 24 postoperative hours,
and reduced nausea and vomiting. However, blocks had
no clinically important effect on the duration of hospi-
talization. TPVB may also have reduced the incidence of
chronic postsurgical pain 6 months after breast surgery,
but evidence is limited.

A previous meta-analysis noted that adding fen-
tanyl to epidural local anesthetics reduced pain (58).
Our results were similar: the addition of fentanyl to the
local anesthetic was associated with less acute postop-
erative pain at rest in the first 24, 48, and 72 hours. The
addition of fentanyl to the mixture also decreased pain
during movement in the first 24 and 72 hours. These
results are probably related to the systemic absorption
(through the highly vascular paravertebral space) of the
highly lipophilic drug fentanyl (59) resulting in serum
concentrations essentially equivalent to those identi-
fied with the IV use of fentanyl.

Most investigators performed single level blocks
(9,24,25,27,29-31,33,35,38-40,42,43,46), although others
performed multi-level blocks (24,26,28,34,36,37,41,45).
Investigators performing single-level blocks suggest
that the injected drug spreads 4 or 5 thoracic derma-
tomes, thus providing an adequate block with less risk
of complications (60). However, there is no published
data comparing the 2 techniques. In our study, the use
of a single versus a multi-injection technique did not af-
fect the efficacy of paravertebral block for acute post-
operative pain at rest. However, when examining pain
at movement, multi-level blocks were associated with
better analgesia during the initial 2, 48, and 72 hours.

The paravertebral space spans the vertebral column
and is continuous with the epidural space medially and
the intercostal space laterally. Because local anesthet-
ics spread cranially and caudally when injected in the
paravertebral space, the spread depends on the level of
the injection, anatomic variance amongst patients, and
the volume of injected local anesthetic. Unsurprisingly,
radiologic studies demonstrate that single-injection
paravertebral blocks result in inconsistent spread of
anesthetic and that multi-injection techniques likely
produce a wider and more effective block (61). While
there was no significant difference in pain for patients
at rest with single or multiple techniques, it is possible
that with movement and more severe pain, the im-
proved spread of the anesthetics led to significant pain
reduction.

Placing an indwelling paravertebral catheter at

one or multiple levels allows for continued infusion of
local anesthetics and a prolonged block. In our analysis,
the use of single injection versus continuous catheter
technique did not have a statistical significance in the
efficacy of the block for acute postoperative pain. Luyet
et al (62) used contrast dye injection and fluoroscopic
examination to determine the location of landmark-
placed thoracic paravertebral catheters in 31 patients.
They further assessed the correlation between the
sensory blocks produced after local anesthetic injection
through the catheter with the distribution of contrast
dye. In 9 patients (29%), the contrast dye did not spread
within the paravertebral space as intended. These
misplaced catheters were found in to be in the erec-
tor spinae musculature (n = 5), epidural space (n = 3),
or pleural space (n = 1). Even in the 21 (70%) patients
with well-positioned catheters, only 17 (57%) provided
good analgesia. It thus appears that paravertebral
catheters are often poorly positioned with consequent
inadequate analgesia or even if in the appropriate
place, may not always prove effective. Although cath-
eter positioning is presumably improved by ultrasound
guidance, studies are lacking.

One of the important findings in this meta-analysis
is that TPVB might have the potential to reduce the in-
cidence of persistent pain after breast surgery. Numer-
ous studies demonstrate strong associations between
acute pain (and catastrophizing) and subsequent de-
velopment of persistent incisional pain (63,64). These
observations suggest that better control of acute pain
may reduce the risk of persistent pain. Our results are
consistent with this theory in that paravertebral blocks,
which reduced postoperative pain levels, also reduced
persistent pain — suggesting a causal relationship that
could not reliably be concluded from previous non-
randomized cohort studies. Available evidence thus
suggests that effective perioperative analgesia may
provide long-term benefit — but the quantity of avail-
able evidence remains severely limited.

There is increasing evidence that ultrasound guid-
ance of peripheral nerve blocks decreases the amount
of local anesthetic required, improves success rates, de-
creases time to block onset, and reduces complications
such as local anesthetic systemic toxicity (65). However,
we did not find that the use of ultrasound-guided TPVB
improves its efficacy. Furthermore, procedures were
equally likely to succeed when ultrasound was used.
Of note, all reported block failures that we found with
ultrasound guidance occurred a single retrospective
study (51). The same study reported that multiple-level

E770

www.painphysicianjournal.com



Analgesic Efficacy and Safety of Thoracic Paravertebral Block for Breast Surgery

blocks were associated with slightly more complica-
tions, mostly vascular puncture and procedure failure.
None of the vascular punctures occurred in studies of
ultrasound-guided blocks.

The incidence of complications and the variables
leading to these complications provides important
information on block techniques and safety outcomes.
We found that ultrasound guidance was associated
with fewer complications, specifically hypotension/
epidural spread and Horner's syndrome. This could
be explained by needle visualization and the ability
to visualize the spread of local anesthetics in the ap-
propriate and intended location. We were unable to
determine if vascular puncture was reduced in patients
having ultrasound-guided blocks because none of the
vascular punctures were in studies of ultrasound-guided
blocks. But ultrasound may nonetheless reduce minor
complications (e.g., Horner’s syndrome). Furthermore,
the incidence of vascular puncture was increased with
multi-injection techniques, presumably because more
frequent needle sticks provided additional opportunity
for inadvertent contact with vascular structures. In the
hands of inexperienced anesthesiologists, block quality
might vary. However, the procedure is usually allocated
to skilled and experienced clinicians in the context of
a study. Consistent with this theory, the success rate
was high and there were remarkably few reported
complications.

With 24 studies, this meta-analysis included the
largest number of RCTs to date, representing 11 more
than Schnabel et al (7) and 19 more than Tahiri et al
(8). Our study thus provides a comprehensive evalua-
tion of the effect of thoracic paravertebral blocks across
diverse studies. Many countries were represented, sug-
gesting that our results are generalizable.

Limitations

Despite our attempts to include as many eligible
studies as possible, the number of studies available was
limited for several of our meta-analytic models. For
example, 6 studies provided information on postop-
erative pain at 48 and 72 hours, 6 evaluated the length
of hospital stay, and 4 reported incidences of CPSP. As
such, it is premature to draw conclusions regarding the
effect of TPVB on these specific outcomes based on the
current findings, and caution is warranted when inter-
preting these results.

Our primary meta-analysis evaluated randomized
outcomes assessed in the underlying RCTs. These with-
in-study comparisons, such as pain scores and opioid

consumption, are thus well protected again selection
bias, confounding, and measurement bias — the major
sources of error in clinical research. Our meta-analysis
of such factors thus remains well protected from these
sources of error (although not against publication bias).

However, we also make comparisons across studies
of non-randomized factors. For example, we compare
across studies on type of local anesthetic or the use
of ultrasound guidance. These nonrandomized com-
parisons are essentially cohort studies and thus poorly
protected against confounding and center effects.
Furthermore, the comparisons were across various sites
and over a substantial period of time; the potential for
center and time-dependent effects is thus substantial.
Unlike the randomized interventions, results based on
other interventions should be considered associations
rather than causal, and largely exploratory.

For the procedure complications analysis, we in-
cluded any study that commented on the complication.
However, these results are less robust than others since
some of the data were from nonrandomized cohort
studies. Confounding factors (e.g., patients’ character-
istics) may be present and we did not have access to the
raw data from these studies that might have allowed
statistical adjustment for known confounding factors.
Because local anesthetic doses were not consistently re-
ported in many studies, we were unable to specifically
attribute observed differences in effect among various
local anesthetics to difference in dosing.

Asymmetric funnel plots were found in our meta-
analytic models for acute pain at rest (first 2 hours, first
24 hours, and first 48 hours), acute pain at movement
(first 72 hours), and morphine consumption (first 2
hours). There is thus potential for publication bias in
the pooled estimates. We recommend caution when
interpreting results from these models.

All studies included in our analysis used placebo
control groups. This is an appropriate scientific ap-
proach, but differences between the block and controls
groups would likely have been even smaller had the
control groups been given multimodal analgesia.

ConcLusION

In conclusion, results from our analyses showed
that, compared with placebo control, the use of TPVB
in breast surgery improves analgesia for up to 72 post-
operative hours at rest and during movement, and
reduces nausea and vomiting. Table 5 summarized our
recommended techniques to improve the efficacy and
safety of the block based on findings from our analyses.

www.painphysicianjournal.com

E771



Pain Physician: September/October 2015; 18:E757-E780

Table 5. Summary of the best available TPVB techniques.

Recommended technique*

Available evidence from our meta-analysis

Adding fentanyl Improves pain control at rest (first 24, 38, and 72 hours) and movement (first 24 and 72 hours), without
increasing the risk of nausea or vomiting.
Multiple levels block Improves pain control only with movement at the first 2, 48, and 72 hours. However, this may increase

the risk of procedure complications (e.g., inadvertent vascular puncture).

Ultrasound-guidance

Did not show any evidence of improving the block efficacy, however, it does for safety.

*Technique was only recommended if significant effects were found at more than one analysis point (e.g., improve pain scores at more than one

time point).
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Appendix: Forest plots for the main effects of thoracic paravertebral blocks on postoperative pain and opioid consumptions,

using the random effects models.

Pain scores at rest at the first 2 hours.

Author(s) and Year

Experimental Control

Mean SD Mean SD

Standardized Mean Difference [95%

Pusch (1999) 1.20 0.97 3.00 1.69 —.— -1.30[-1.77 , -0.
Klein (2000) 0.70 1.50 4.10 3.00 —a— -1.41[-1.98, -0.
Terheggen (2002) 110 1.50 4.40 2.30 —— -1.65[-2.48, -0.
Kairaluoma (2004) 160 1.33 2.80 2.30 I—I—I -0.63[-1.15, -0.
Buggy & Kerin (2004) 1.40 1.00 4.00 2.00 —_—— -1.57[-2.58 , -0.
lohom (2006) 2.00 1.00 2.00 2.00 .—-—| 0.00[-0.73, 0.
Shkol‘nik (2006) 2.00 0.97 450 1.69 i -1.81[-2.16, -1.
Dabbagh (2007) 210 1.04 430 1.29 —— -1.85[-2.46 , —1.
Boughey (2009) 1.69 0.97 3.00 1.69 —— -0.94[-1.40, -0.
Arunakul (2010) 160 0.97 3.50 1.69 —_ -1.32[-2.29, -0.
Abdel-halim (2011) 220 0.97 420 1.69 —— -1.43[-2.12,-0.
Li (2011) 1.00 222 8.00 222 — -3.09[-4.02, -2.
Das (2012) 0.31 0.72 3.37 1.90 —a— -210[-2.73 , -1.
Abdallah (2014) 1.00 1.48 3.00 1.48 —— -1.33[-1.88, -0.
Karmakar (2014a) 1.20 050 1.40 0.50 »—-—c -0.40 [ -0.76 , -0.
Karmakar (2014b) 120 0.50 1.40 0.50 rm4  -040[-076,-0.
Wu (2014) 1.00 222 250 222 HIH -0.67 [ -0.88 , -0.
RE Model [ - - ¢ -1.24[-1.58 , -0.

Pain scores at rest at the first 24 hours.

Experimental Control

Author(s) and Year

Mean SD Mean SD

Standardized Mean Difference [95% CI]

—— :

Pusch (1999) 1.30 1.41 290 1.29 -1.17[-1.63,-0.71]
Klein (2000) 2.80 2.50 4.00 250 —— -0.47[-0.99, 0.04]
Naja (2003) 170 141 620 1.29 —a— : -3.28[-4.05,-2.50]
Kairaluoma (2004) 0.60 0.96 1.20 1.56 —— -0.46 [-0.97 , 0.05]
Buggy & Kerin (2004) 2.00 2.00 4.10 1.00 — -1.27[-2.23,-0.31]
lohom (2006) 1.00 1.00 1.00 1.00 —=a— 0.00[-0.73, 0.73]
Shkol‘nik (2006) 120 1.41 3.00 1.29 i -1.32[-1.65,-1.00]
Boughey (2009) 376 1.41 424 1.29 i -0.35[-0.79, 0.09]
Arunakul (2010) 260 141 2.00 1.29 ——a—1 0.42[-0.46 , 1.31]
Buckenmaier (2010a) 270 250 2.80 220 —a—  -0.04[-0.62, 0.53]
Buckenmaier (2010b) 250 1.80 2.80 2.20 »—-—« -0.15[-0.72, 0.43]
Abdel-halim (2011) 1.50 1.41 250 1.29 ——; -0.72[-1.36, -0.08 ]
Li (2011) 1.00 0.74 2.00 1.48 —— -0.78[-1.44 ,-0.12]
Bhuvaneswari (2012a) 350 2.96 6.00 1.48 — -1.03[-1.88,-0.18]
Bhuvaneswari (2012b) ~ 0.00 2.22 6.00 1.48 —_ -3.07[-4.25,-1.89]
Bhuvaneswari (2012c) 0.00 2.22 6.00 1.48 —_ : -3.07[-4.25,-1.89]
Das (2012) 2.58 0.50 2.73 0.45 »—H -0.31[-0.82, 0.20]
Abdallah (2014) 1.00 1.48 3.00 1.48 —.— -1.33[-1.88,-0.79]
lifeld (2014) 200 222 400 2.96 —.— -0.75[-1.28,-0.23]
Karmakar (2014a) 155 0.50 1.50 0.50 i 0.10[-0.26, 0.46]
Karmakar (2014b) 1.06 0.50 1.50 0.50 i -0.87[-1.25,-0.50]
RE Model - rrrrr -0.89[-1.29,-0.49]
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Pain scores at rest at the first 48 hours.

Experimental Control
Author(s) and Year Mean SD Mean SD Standardized Mean Difference [95% CI]
Klein (2000) 2.50 2.00 3.30 3.00 »—H -0.31[-0.82, 0.20]
Naja (2003) 1.00 0.82 5.50 1.07 — -4.64[-5.61,-3.66]
lohom (2006) 0.50 0.50 0.50 0.50 .—-—| 0.00[-0.73, 0.73]
Shkol‘nik (2006) 0.50 0.82 1.50 1.07 HIH -1.04[-1.35,-0.73]
Abdallah (2014) 1.50 0.74 2.00 2.22 »—-H -0.30[-0.80, 0.19]
Karmakar (2014a) 0.60 0.40 0.80 0.40 I—I—l -0.50[-0.86, -0.13]
Karmakar (2014b) 0.40 0.40 0.80 0.40 i -0.99[-1.37,-0.61]
RE Model boeenennn .EL—~—=1—.O&[ -2.20, 0.04]

Pain scores at rest at the first 72 hours.

Experimental Control

Author(s) and Year Mean SD Mean SD Standardized Mean Difference [95% CI]
Klein (2000) 180 250 280 260 »—H -0.39[-0.90, 0.12]
Naja (2003) 1.00 147 500 1.70 —— -2.49[-3.16,-1.81]
lohom (2006) 0.80 1.00 1.20 2.00 .—.—. -0.24[-0.97, 0.49]
Shkol'nik (2006) 050 147 150 1.70 i -0.63[-0.93,-0.33]
Buckenmaier (2010a) 2.40 250 1.80 2.40 v——-—l 0.24[-0.34, 0.82]
Buckenmaier (2010b) 220 2.00 1.80 2.40 '—-'—' 0.18[-0.40, 0.76 ]
Karmakar (2014a) 060 040 0.80 0.40 »—-—| -0.50[-0.86 , -0.13 ]
Karmakar (2014b) 040 040 0.80 0.40 —— -0.99[-1.37, -0.61]
RE Model poeees ’ ————— » -0.60[-1.17,-0.03]
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Pain scores at movements at the first 2 hours.

Author(s) and Year

Experimental

Control

Mean SD Mean SD

Standardized Mean Difference [95% CI]

Burlacu (2006a) 0.00 074 1.00 222 »—-a—« -0.58[-1.35, 0.19]
Burlacu (2006b) 0.00 222 1.00 222 |—-—4 -0.44[-1.20, 0.33]
Burlacu (2006c) 0.00 296 1.00 222 »—-—.—« -0.37[-1.15, 0.40]
lohom (2006) 2.00 2.00 3.80 2.00 »—-—« -0.87[-1.64,-0.11]
Shkol'nik (2006) 250 112 500 1.35 - -2.00[-2.36,-1.65]
Abdel-halim (2011) ~ 3.00 1.12 7.00 1.35 +—e=—" -3.16 [-4.08 , -2.23 ]
Li (2011) 1.00 222 900 222 —— -3.53[-4.53,-2.52]
Marti (2011) 3.00 150 290 240 »—-—« 0.05[-0.68, 0.78]
Karmakar (2014a) 210 0.50 2.00 0.50 »-r-—« 0.20[-0.16, 0.56]
Karmakar (2014b) 200 050 2.00 050 »—-—4 0.00[-0.36, 0.36]
RE Model bommemeneee ’— ————— > -1.04[-1.85,-0.22]

Pain scores at movement at the first 24 hours.

Experimental

Control

Author(s) and Year Mean SD Mean SD

Standardized Mean Difference [95% Cl]

Naja (2003) 270 0.92 720 1.32 ] -3.89[-4.75, -3.03]
Burlacu (2006a) 200 222 4.00 2.96 — -0.74[-1.52, 0.04]
Burlacu (2006b) 0.00 0.74 4.00 2.96 ——— -1.77[-2.65,-0.88 ]
Burlacu (2006c) 1.00 0.74 4.00 2.96 —_— -1.30[-2.15,-0.45]
lohom (2006) 1.00 1.00 3.00 1.50 — -1.51[-2.34,-0.69]
Shkol‘nik (2006) 210 092 450 1.32 i -2.09[-2.45,-1.73]
Abdel-halim (2011) 200 092 350 132 bt § -129[-197,-061]
Li (2011) 1.00 0.74 3.00 3.70 »—-—| -0.66[-1.31, 0.00]
Marti (2011) 230 170 2.80 2.80 ,_F_. -0.21[-0.94, 0.52]
Karmakar (2014a) ~ 3.30 0.50 3.50 0.50 »—-—« -0.40[-0.76 , -0.03]
Karmakar (2014b) 290 0.50 3.50 0.50 - -1.19[-1.58,-0.80]
RE Model boneeeees ‘ -1.35[-1.93,-0.77]
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Pain scores at movements at the first 48 hours.

Experimental Control

Author(s) and Year

Mean SD Mean SD

Standardized Mean Difference [95% Cl]

Naja (2003) 2.00 0.67 6.00 0.83 —— -5.23[-6.30, —4.17]
lohom (2006) 1.00 1.00 2.80 1.50 —— -1.36[-2.17,-0.55]
Shkol'nik (20086) 1.20 0.67 4.20 0.83 — -3.96 [-4.46 , -3.46]
Karmakar (2014a) 2.20 0.50 2.40 0.50 '—I-t -0.40[-0.76, -0.03]
Karmakar (2014b) 2.00 0.50 2.40 0.50 =3l -0.79[-1.17,-0.42]
REModel e -» -2.32[-4.17,-0.47]

Pain scores at movements at the first 72 hours.

Author(s) and Year

Mean SD Mean SD

Standardized Mean Difference [95% Cl]

Naja (2003)

2.00 0.67 6.00 0.87

-5.11[-6.15, -4.06 ]

lohom (2006) 1.00 1.00 3.00 1.60 = -145[-2.26,-0.63]
Shkol'nik (2006) 1.20 0.67 3.00 0.87 [ i -2.32[-270,-194]
Karmakar (2014a) 2.10 0.50 2.30 0.50 +m- -0.40[-0.76,-0.03]
Karmakar (2014b) 1.90 0.50 2.30 0.50 HEH D -079[-1.17,-042]
RE Model P —— > -1.97 [-3.57 ,-0.37]
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Intraoperative opioid (morphine equivalent) consumption (in mg).

Experimental Control

Author(s) (Year) Mean SD Mean SD Standardized Mean Difference [95% CI]

l-E—I—I

Klein (2000) 28.00 12.00 23.50 10.00 : 040[-0.11, 0.91]
Kairaluoma (2004) 21.70 9.00 25.00 8.00 v—.—-i -0.38[-0.89, 0.13]
Burlacu (2006a) 5.00 6.00 11.90 6.50 — -1.07[-1.87,-0.26]
Burlacu (2006b) 6.00 4.73 11.90 6.50 |—-—| -1.00[-1.80,-0.20]
Burlacu (2006c) 8.00 3.00 11.90 6.50 .—.—,. -0.73[-1.52, 0.07 ]
Moller (2007) 20.00 11.11 35.00 7.41 —— -1.58[-2.09, -1.08]
Arunakul (2010) 3.70 2.97 11.65 5.44 —_— -1.74[-2.77,-0.71]
Abdel-halim (2011) 13.20 4.70 19.30 3.90 —a -1.38[-2.07,-0.69 ]
Das (2012) 10.77 1.17 15.08 2.66 —— -2.07[-2.70,,-1.44]
Abdallah (2014) 1.70 3.00 15.90 7.80 —a— -2.40[-3.05,-1.76 ]
Iifeld (2014) 3.00 1.48 250 1.85 »—r-—| 0.29[-0.21, 0.80]
Karmakar (2014a) 0.00 0.74 1.50 222 —— -0.89[-1.27,-0.51]
Karmakar (2014b) 0.00 0.74 1.50 2.22 —— -0.90[-1.28,-0.52]
Wu (2014) 5.00 9.26 20.00 14.81 HIH -1.20[-1.42,-0.99]
RE Model b b —1.03[-1.45,-0.60]

Opioid consumptions in (in mg) the first 2 hours postoperatively.

Author(s) (Year)

Mean SD Mean SD Standardized Mean Difference [95% CI]

Klein (2000) 0.80 2.00 3.60 4.00 —— -0.87[-1.40,-0.34]
Kairaluoma (2004) 2.00 2.37 3.00 2.96 »—-—4 -0.37[-0.88, 0.14]
Buggy & Kerin (2004) 3.00 2.50 13.40 6.60 ——— -2.00[-3.07,-0.92]
Moller (2007) 0.00 7.41 10.00 13.33 —— -0.91[-1.37,-0.45]
Arunakul (2010) 290 1.96 9.15 6.67 .—-—| -1.22[-2.17,-0.26 ]
Iifeld (2014) 1,00 2.07 240 3.33 »—-—4 -0.50[-1.01, 0.02]
Karmakar (2014a) 0.21 0.53 0.25 0.70 '—l—' -0.06 [-0.43, 0.30]
Karmakar (2014b) 0.22 0.58 0.25 0.70 '—l—i -0.05[-0.40, 0.31]
RE Model +0 -0.62[-0.99,-0.25]
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Opioid consumptions (in mg) in the first 24 hours postoperatively.

Experimental Control
Author(s) (Year) Mean SD Mean SD Standardized Mean Difference [95% Cl]
Burlacu (2006a) 28.00 511 2400 6.33 —=— 0.67[-0.10, 1.45]
Burlacu (2006b) 800 511 2400 633 —— : -2.69[-3.73,-1.65]
Burlacu (2006¢) 6.00 511 2400 6.33 — : -3.01[-4.13,-1.88]
Shkol'nik (2006) 18.60 511 5210 6.33 . -5.80[-6.47,-5.14]
Dabbagh (2007) 150 210 415 150 - -1.43[-2.00,-0.87]
Abdel-halim (2011) 530 2.80 1040 3.90 —— -1.47[-217,-0.77]
Li (2011) 100 074 400 0.74 —_ -3.97[-5.05,-2.89]
Bhuvaneswari (2012a) 300 393 6.00 3.33 »—-—« -0.80[-1.63, 0.04]
Bhuvaneswari (2012b) 0.00 222 6.00 3.33 —a— -2.04[-3.03,-1.06]
Bhuvaneswari (2012c)  0.00 2.22 6.00 3.33 —— . -2.04[-3.03,-1.06]
Das (2012) 10.51 2.04 1766 5.20 —— -1.79[-2.39,-1.19]
Abdallah (2014) 10.60 13.50 14.60 14.70 I -0.28[-0.77, 0.21]
Iifeld (2014) 150 630 330 6.59 I -0.28[-0.78, 0.23]
REModel ~a— - 71.90[-2.83,-0.96 ]
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