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Breast cancer affects one in nine females during their life-
time,1 and more than 40% of women diagnosed with this 

cancer undergo tumor resection.2,3 The procedure is associ-
ated with moderate-to-severe acute postoperative pain4; fail-
ure to provide adequate acute pain control is associated with 
increased opioid requirements, poor quality of recovery,5 and 

chronic postsurgical pain.6,7 Indeed, the risks of chronic post-
surgical pain and long-term opioid dependence after breast 
cancer surgery are 29%8 and 11%,9 respectively. Consequently, 
anesthesiologists are well-positioned to provide safe and reli-
able perioperative interventions that optimize acute pain 
control and enhance long-term outcomes.3,10

Thoracic paravertebral block has been described as the 
gold standard analgesic modality for breast cancer sur-
gery.11 The benefits of paravertebral block have been well 

ABSTRACT
Background: Thoracic paravertebral block is the preferred regional anes-
thetic technique for breast cancer surgery, but concerns over its invasiveness 
and risks have prompted search for alternatives. Pectoralis-II block is a prom-
ising analgesic technique and potential alternative to paravertebral block, but 
evidence of its absolute and relative effectiveness versus systemic analgesia 
(Control) and paravertebral block, respectively, is conflicting. This meta-anal-
ysis evaluates the analgesic effectiveness of Pectoralis-II versus Control and 
paravertebral block for breast cancer surgery.

Methods: Databases were searched for breast cancer surgery trials com-
paring Pectoralis-II with Control or paravertebral block. Postoperative oral 
morphine consumption and difference in area under curve for pooled rest 
pain scores more than 24 h were designated as coprimary outcomes. Opioid-
related side effects, effects on long-term outcomes, such as chronic pain 
and opioid dependence, were also examined. Results were pooled using ran-
dom-effects modeling.

Results: Fourteen randomized trials (887 patients) were analyzed. Compared 
with Control, Pectoralis-II provided clinically important reductions in 24-h mor-
phine consumption (at least 30.0 mg), by a weighted mean difference [95% 
CI] of −30.5 mg [−42.2, −18.8] (P < 0.00001), and in rest pain area under 
the curve more than 24 h, by −4.7cm · h [−5.1, −4.2] or −1.2cm [−1.3, 
−1.1] per measurement. Compared with paravertebral block, Pectoralis-II was 
not statistically worse (not different) for 24-h morphine consumption, and not 
clinically worse for rest pain area under curve more than 24 h. No differences 
were observed in opioid-related side effects or any other outcomes.

Conclusions: We found that Pectoralis-II reduces pain intensity and mor-
phine consumption during the first 24 h postoperatively when compared with 
systemic analgesia alone; and it also offers analgesic benefits noninferior to 
those of paravertebral block after breast cancer surgery. Evidence supports 
incorporating Pectoralis-II into multimodal analgesia and also using it as a 
paravertebral block alternative in this population.

(ANESTHESIOLOGY 2019; 131:630–48)

Pectoralis-II Myofascial 
Block and Analgesia in 
Breast Cancer Surgery
A Systematic Review and 
Meta-analysis
Nasir Hussain, M.Sc., M.D., Richard Brull, M.D., F.R.C.P.C.,  
Colin J. L. McCartney, M.B.Ch.B., Ph.D., F.R.C.A., F.R.C.P.C.,  
Patrick Wong, M.D., F.R.C.P.C., Nicolas Kumar, B.Sc.,  
Michael Essandoh, M.D., F.A.S.E., Tamara Sawyer, M.L.I.S.,  
Timothy Sullivan, M.B., F.A.N.Z.C.A.,  
Faraj W. Abdallah, M.Sc., M.D.

Anesthesiology 2019; 131:630–48

This article is featured in “This Month in Anesthesiology,” page 1A. Supplemental Digital Content is available for this article. Direct URL citations appear in the printed text and are 
available in both the HTML and PDF versions of this article. Links to the digital files are provided in the HTML text of this article on the Journal’s Web site (www.anesthesiology.org). 
This article has an audio podcast. This article has a visual abstract available in the online version. For a downloadable PPT slide containing this article’s citation information, please 
visit https://anesthesiology.pubs.asahq.org/ss/downloadable_slide.aspx. 

Submitted for publication October 10, 2018. Accepted for publication April 30, 2019. From the Department of Anesthesiology, The Ohio State University, Wexner Medical Center, 
Columbus, Ohio (N.H., N.K., M.E.); Department of Anesthesiology, Women’s College Hospital, University of Toronto, Toronto, Ontario, Canada (R.B.); Department of Anesthesiology 
and Pain Medicine, and the Ottawa Hospital Research Institute, University of Ottawa, Ottawa, Ontario, Canada (C.J.L.M., P.W., T. Sullivan, F.W.A.); The Ohio State University College 
of Medicine, Columbus, Ohio (N.K.); Central Michigan University College of Medicine, Mt. Pleasant, Michigan (T. Sawyer); and Department of Anesthesia, and the Li Ka Shing 
Knowledge Institute, St. Michael’s Hospital, University of Toronto, Toronto, Ontario, Canada (F.W.A.).

Copyright © 2019, the American Society of Anesthesiologists, Inc. All Rights Reserved. Anesthesiology 2019; 131:630–48. DOI: 10.1097/ALN.0000000000002822

EDITOR’S PERSPECTIVE

What We Already Know about This Topic

•	 Pectoralis-II block is a potential alternative to paravertebral blocks 
to provide regional analgesia for breast cancer surgery

What This Article Tells Us That Is New

•	 This meta-analysis includes 14 randomized trials comparing pecto-
ralis-II block with paravertebral blocks and found that there were no 
differences in pain scores or opioid consumption between the two 
groups in patients having surgery for breast cancer

•	 Pectoralis-II blocks were noninferior to paravertebral blocks in 
reducing pain intensity and morphine consumption for the first 24 h 
after surgery and both were superior to systemic analgesia alone
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established, including reduced postoperative pain, decreased 
opioid requirements, and lower risks of postoperative nausea 
and vomiting.12 Paravertebral block also enhances quality of 
recovery5 and seems to protect against chronic postsurgical 
pain.7 However, paravertebral block is considered an inva-
sive13 block requiring advanced skill14 and deep needling in 
close vicinity to the pleura, neuraxis, and intercostal neurovas-
cular bundles such that the risks of pneumothorax, neurax-
ial spread, and systemic toxicity persist.13,15,16 These concerns 
seem to prompt the quest for paravertebral block alternatives.

Described by Blanco et al.17 in 2012, the Pectoralis-II 
fascial block promises a simple, superficial and safe alterna-
tive to anesthetize the hemithorax. It involves depositing 
local anesthetics between (1) pectoralis major and pectoralis 
minor muscles and (2) pectoralis minor and serratus ante-
rior muscles, at the levels of the third and fourth ribs, along 
the mid-axillary line.17 Pectoralis-II purportedly blocks the 
T2–T6 intercostal nerves, medial and lateral pectoral nerves, 
and intercostobrachial and long thoracic nerves.15,18,19 
However, reports suggest that the analgesic effectiveness of 
Pectoralis-II is modest, at best, when compared with sys-
temic analgesia alone,20,21 whereas comparisons between 
Pectoralis-II and paravertebral block have yielded conflict-
ing results with some trials suggesting Pectoralis-II superi-
ority,22,23 and others reporting no difference.15

We undertook this systematic review and meta-analysis to 
identify the potential clinical role of Pectoralis-II block. We 
aimed to quantify the absolute and relative analgesic benefits 
of the Pectoralis-II block by comparisons with systemic anal-
gesia alone (Control) and to paravertebral block, respectively, 
in adult females having breast cancer surgery. Postoperative 
pain severity and analgesic consumption during the first 
24 h were designated as coprimary outcomes. For secondary 
objectives, we aimed to compare Pectoralis-II and paraverte-
bral block for noninferiority over the primary outcomes, and 
we also examined the effects on immediate quality of recov-
ery, as well as on long-term quality of life, risk of chronic 
postsurgical pain, and persistent opioid consumption.

Materials and Methods
We adhered to the Preferred Reporting Items for Systematic 
Reviews and Meta-Analyses (PRISMA) in preparing this 
manuscript.24 Randomized controlled trials that compared 
the effects of Pectoralis-II block to systemic analgesia alone 
(Control) or to paravertebral block on analgesic outcomes (or 
at least postoperative pain severity scores) in patients undergo-
ing breast cancer surgery were sought. Studies were evaluated 
using a pre-designed protocol. The protocol was not published, 
and the review was not registered with the International pro-
spective register of systematic reviews (PROSPERO).

Eligibility Criteria

Randomized or quasi-randomized studies that allocated 
adult patients (at least 18 yr old) undergoing breast cancer 

surgery to receive Pectoralis-II were considered for inclusion. 
All types of breast tumor resection or axillary interventions 
were considered for eligibility. This included mastectomies 
or partial mastectomies with or without axillary lymph 
node dissection or sentinel lymph node biopsy. Because of 
the great variability of cosmetic procedures and associated 
tumescence techniques used, trials were excluded if cos-
metic procedures were performed (e.g., breast augmenta-
tion, reduction mammoplasty, or breast reconstruction), but 
we did not exclude procedures that combined breast tumor 
reduction with immediate reconstruction. We accepted all 
variations of the Pectoralis-II technique if the description 
explicitly described deposition of local anesthetics between 
the pectoralis major and minor muscles (Pectoralis-I com-
ponent) as well as in the plane between the pectoralis 
minor and serratus anterior muscles. Trials were excluded 
if Pectoralis-II was performed in conjunction with other 
blocks (e.g., serratus anterior plane block) precluding the 
identification of analgesic effects of the Pectoralis-II block 
alone.25,26 Eligible comparators included systemic analgesia 
alone (i.e., no block or sham block, as Control) or paraver-
tebral block. Studies that used local anesthesia infiltration as 
a Control group were excluded because this intervention 
is considered an effective active comparator that improves 
pain control after breast cancer surgery.20,21 Trials of vol-
unteers or those not reporting analgesic outcomes were 
excluded. No language restrictions were placed on study 
inclusion; any non-English studies were translated using an 
online translator.

Search Methods

A systematic search strategy was created for the U.S. 
National Library of Medicine database, MEDLINE; the 
MEDLINE In-process and Other Non-Indexed citations 
database; the ExcerptaMedica database, EMBASE; and the 
Cochrane Database of Systematic Reviews. These databases 
were searched from November 2012 (date of the original 
Pectoralis-II block description27) to August 25, 2018. The 
search strategy was developed using medical subject head-
ings and key words relating to the central research ques-
tion of this paper. Specifically, the search terms included 
in the search strategy revolved around the following key 
domains: breast cancer surgery, Pectoralis-II, Pectoralis 
block, pectoralis block, pectoral nerve, postoperative pain, 
pain control, and postoperative analgesia. The complete 
search strategy was based on an initial MEDLINE search, 
which can be viewed in appendix A (Supplemental Digital 
Content, http://links.lww.com/ALN/B978). This strategy 
was modified as needed for the remaining databases. The 
citations and bibliographies of included articles were hand-
searched to identify any potentially relevant trials. The pro-
ceedings of the following international conferences also had 
their published abstracts electronically searched: American 
Society of Anesthesiologists 2011–2017, American Society 
of Regional Anesthesia and Pain Medicine 2013–2017, 
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the European Society of Regional Anesthesia 2014–2017, 
American Association of Cancer Research 2014–2016, 
and the European Society of Anesthesiology 2015–2017. 
We also reviewed the clinical trial registry at the Web site 
ClinicalTrials.gov,28 and contacted authors of any poten-
tially relevant completed or ongoing trials.

Selection of Included Studies

Two independent reviewers (N.H. and N.K.) initially 
assessed the results from the literature search based on title 
and abstract alone. The full-text citations of potentially 
eligible articles were subsequently retrieved and reviewed 
again by the same two independent reviewers. In case of 
disagreement between the two reviewers on eligibility, a 
discussion was initiated. If consensus could not be reached 
after discussion, a third reviewer (F.W.A.) assessed the study 
in question and made the final decision. The initial agree-
ment on full-text eligibility between the two independent 
reviewers was assessed using an unweighted kappa (κ).

Data Extraction

A standardized data extraction form was used, and all data 
extraction was carried out in duplicate by two independent 
reviewers (N.H. and N.K.). In cases of discrepancy in data 
extraction, a discussion was initiated. If a consensus could 
not be reached, a third reviewer (F.W.A.) assessed the data 
point in question and made the final decision. The primary 
source of all data was numerical data reported in tables or 
figures. A graph digitizing software (GraphClick, Arizona 
Software, USA) was used to extract data in studies that 
reported data in purely graphical form.

Data collected included information relating to the year 
of publication, number of patients, intervention and com-
parator groups, type of breast cancer surgery performed, 
average age of participants, Pectoralis-II technique, and 
assessment of block success. We also extracted data and 
measures of variance at all reported times for interval post-
operative pain scores; interval postoperative analgesic con-
sumption, functional assessments, time to analgesic request 
(hours), level of patient satisfaction with pain relief, pos-
tanesthesia care unit and hospital discharge times (hours), 
incidence of chronic postsurgical pain, quality of postop-
erative recovery and quality of life, opioid dependence 
after discharge, level of disability after discharge, block-re-
lated side-effects (i.e., local anesthetic systematic toxicity, 
bleeding or hematoma formation, pneumothorax, or block 
failure), and opioid-related side effects (i.e., hypotension, 
respiratory depression, sedation, pruritis, constipation, or 
urinary retention).

Assessment of Methodologic Quality of Individual Trials

The methodologic quality of each included trial was 
assessed using the Cochrane Collaboration tool for risk of 
bias assessment.29 This tool evaluates bias in six predefined 

domains that assess the quality of different components of 
study methodology in randomized trials. These included 
adequacy random sequence generation, allocation conceal-
ment, level of blinding of study personnel and outcome 
assessors, loss to follow-up, and selective outcome data 
reporting.30 Each included study was rated as having either 
a low, unclear, or high risk of bias for each domain by two 
independent reviewers (N.H. and F.W.A.). For all risk of 
bias assessments relating to patient and outcome assessor 
blinding, we a priori assigned a moderate to high risk of 
detection bias to all studies that lacked (a) a sham Pectoralis 
II (invasive placebo) or (2) an active comparator, such as 
paravertebral block.

Methodologic Quality across Trials

The overall methodologic quality of evidence across 
pooled outcomes was also assessed using the Grades 
of Recommendation, Assessment, Development, and 
Evaluation guidelines.31,32 These guidelines classify the 
evidence for pooled outcomes based on predefined cri-
teria based on study quality, consistency, directness, pre-
cision, and publication bias.32 Based on the level of bias 
across these criteria, the overall pooled outcome is clas-
sified as follows: (1) high quality: further research is very 
unlikely to change the confidence in the estimate of effect; 
(2) moderate quality: further research is very likely to have 
an important impact on the confidence of the estimate 
of effect and may change the estimate; (3) low quality: 
further research is very likely to have an important impact 
on the confidence in the estimate of effect and is likely 
to change the estimate; or (4) very low quality: there is 
uncertainty surrounding the estimate.31,32

Primary and Secondary Outcomes

The two coprimary outcomes of this meta-analysis were 
(1) difference in the area under the curve of the weighted 
pooled rest pain scores and (2) the cumulative postoperative 
oral morphine equivalent consumption (mg) during the 
first 24-h interval33 in patients receiving Pectoralis-II and 
Control or paravertebral block. We chose to evaluate these 
primary outcomes because examining either of these two 
outcomes in isolation of the other does not provide a defin-
itive assessment of the analgesic effect of the Pectoralis-II 
block. For the area under the curve analysis, the weighted 
pool rest pain scores for 1 h (postanesthesia care unit), 6 h, 
12 h, and 24 h postoperatively were used. The area under the 
curve analysis was selected because it is a representative way 
of describing the patients’ pain control experience more 
than 24 h; it captures pain severity as well as the duration of 
this severity. We also anticipated variations in the analgesic 
effectiveness of Pectoralis-II block, with block onset and 
offset within 6 to 12 h postoperatively, compared with an 
anticipated more prolonged analgesic effect of paravertebral 
block.12
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Secondary outcomes examined included cumulative 
postoperative oral morphine consumption (mg) at 2 h 
(postanesthesia care unit)33 and during the 24 to 48 h time 
interval33; postoperative pain severity (Visual Analog Scale 
pain scores) at 1 h (postanesthesia care unit), 6 h, 12 h, 24 h, 
36 h, and 48 h postoperatively; time to first analgesic request 
(hours) and to hospital discharge (hours); and quality of 
recovery. We also evaluated block success rate, defined as a 
presence of any sensory changes indicative of block onset 
in the hemithorax. Safety outcomes assessed included post-
operative opioid related side-effects (postoperative nausea 
and vomiting, sedation/respiratory depression, pruritis, 
hypotension, urinary retention, or constipation), and nerve 
block–related complications (pneumothorax, block failure, 
or local anesthetic systemic toxicity). Finally, we examined 
several long-term secondary outcomes, including the inci-
dence of chronic postsurgical pain, quality of life, opioid 
dependence, and level of disability.

Measurement of Outcome Data

Postoperative surgical pain may be measured using a wide 
variety of standardized tools, including the Visual Analog 
Scale, numeric rating scale, and the verbal rating scale.34–36 
The Visual Analog Scale commonly measures pain sever-
ity on a 0 to 10 cm or 0 to 100 cm Visual Analog Scale 
pain scale. Higher scores on this tool are associated with 
increased pain.35 For the purposes of this review, all postop-
erative pain scores were converted to an equivalent score on 
the 0 to 10 cm Visual Analog Scale.37

For secondary outcomes, all postoperative opioid anal-
gesics administered were converted to oral morphine 
equivalents in milligrams.33 All measures of patient satisfac-
tion were also converted to a Visual Analog Scale equivalent 
score (0 equals least satisfied, and 10 equals most satisfied).37 
All time-to-event data are presented in hours.

Statistical Analyses

For continuous outcomes, we extracted the mean and SD. 
In situations where these are not reported, the median and 
interquartile range were used to approximate these values.38 
Similarly, in situations where the mean and 95% CI are 
reported, statistical conversions were used to estimate the 
mean and SD.39 When SD values are not reported, these val-
ues were imputed by the methods described by Furukawa 
et al.40 In situations where the mean could not be derived, 
the median was used to estimate the mean. If required for 
statistical pooling, categorical data (patient satisfaction) 
was converted to continuous form with means and SD.41 
For dichotomous outcomes (side effects, complications), 
data were converted to overall incidence numbers. In cases 
where separate pain scores for different anatomical areas 
(e.g., breast vs. axilla) were presented, the weighted mean for 
pain in these two areas was calculated. We pooled studies 
only if data were available from three or more studies; we 

summarized the evidence qualitatively (without pooling), 
when possible, if data were available from fewer than three 
trials.

Meta-analysis

We anticipated the presence of heterogeneity among the 
studies. Therefore, continuous data were pooled using the 
inverse variance method with random-effects modeling, 
whereas dichotomous data were pooled using Mantel–
Haenszel with random-effects modeling.42

For the continuous secondary outcomes, a mean dif-
ference with 99% CI was calculated. For the dichotomous 
secondary outcomes, an odds ratio with 99% CI was cal-
culated. A 99% CI was selected for secondary outcomes 
to reduce the risk of type-I error associated with multiple 
testing. We designated a P value < 0.025 as a threshold of 
statistical significance for the two primary outcomes, and  
P < 0.01 for all other secondary outcomes. All tests of were 
two-tailed.

Interpretation

We used different approaches in analyzing and interpreting 
the two coprimary outcomes. For cumulative postoperative 
oral morphine consumption during the first 24 h postopera-
tively, we calculated a mean difference [95% CI]. The results 
for cumulative postoperative oral morphine consumption 
were interpreted in light of the minimal clinically import-
ant difference for oral morphine equivalent consumption. 
Analgesic outcomes research has not identified such a value; 
nonetheless, a 30-mg difference in oral morphine equiv-
alent consumption (or 10-mg IV morphine equivalent) 
during the first 24 h postsurgery is generally considered 
as the least that can be considered clinically important. A 
corresponding noninferiority margin (∆) of 27-mg oral 
morphine was selected a priori. For the one-sided test of 
noninferiority over this outcome, the lower boundary of 
the 95% CI of the mean difference should not cross ∆ to 
declare noninferiority.

As for the area under the curve of rest pain scores in 
the first 24 h, we first pooled the rest pain scores at each 
of the designated time points (1, 6, 12, and 24 h) for each 
arm of the comparisons. The pooled scores were then used 
to estimate the area under the curve (expressed in cm · h) 
of rest pain score during the first 24-h postoperatively for 
each arm; and a mean difference of the area under the curve 
was calculated for each comparison. This difference in area 
under the curve was interpreted in light of the minimal 
clinically important difference43 in the Visual Analog Scale 
pain scale for the breast cancer population, 1.1 cm for each 
time point,44,45 or 3.3 cm · h for the 24 h period. A ∆ of 
3.0 cm · h was selected a priori for this analysis. For the one-
sided test of noninferiority over this outcome, the lower 
boundary of the 95% CI of the mean difference should not 
cross ∆ to declare noninferiority.
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Exploring Heterogeneity

An I2 statistic was calculated for all outcomes in this review 
to evaluate for heterogeneity. An I2 value greater than 50% 
was considered an indicator of significant heterogeneity in 
the pooled estimate of effect.39 If this threshold was obtained 
for cumulative postoperative oral morphine consumption 
during the first 24 h (coprimary outcome), we conducted 
additional metaregression analysis using mixed effects mod-
eling to examine whether the results were influenced by 
a priori specified clinical predictors of treatment effect. We 
reported R2 values (coefficient of determination) to quan-
tify the extent to which each covariate explains the vari-
ability of data. The value of R2 = 1 means that the covariate 
explains all the variability, whereas an R2 = 0 means that the 
covariate does not explain any of the variability. This analysis 
was performed only if each subgroup within a covariate had 
at least two trials. The following covariates we considered 
for our metaregression analysis: (1) invasiveness of surgery 
(mastectomy vs. mastectomy with sentinel node biopsy vs. 
mastectomy with axillary dissection; (2) localization tech-
nique (ultrasound vs. ultrasound and nerve-stimulator com-
bined)46; (3) short-acting (lidocaine and mepivacaine) versus 
intermediate/long-acting (bupivacaine, levobupivacaine, 
and ropivacaine) local anesthetics47; (4) dose of local anes-
thetic used (converted to mg of bupivacaine); (5) postopera-
tive analgesic modality (multimodal, inclusive of opioid and 
other adjuvants vs. opioid-based)48,49; and (6) the addition of 
adjuvants that can prolong analgesic or block duration (e.g., 
epinephrine, dexamethasone, or dexmedetomidine).50,51 
For each covariate, a coefficient of determination (R2) was 
calculated. This coefficient ranges between 0 to 1, where a 
value of 0 means that 0% of the model is explained by the 
covariate, and a value of 1 means that 100% of the model 
is explained by the covariate.52 Sensitivity analysis was per-
formed through the sequential exclusion of studies with 
the above covariates in situations where metaregression 
analysis could not be performed (i.e., fewer than two trials 
available for a specific covariate). Further sensitivity analysis 
was planned to examine the effect of excluding studies that 
were (1) published in nonindexed journals; (2) available as 
abstracts; and (3) had a high-risk of bias in one or more 
domains of the Cochrane risk of bias assessment tool.

Assessment of Publication Bias

The risk of publication bias was assessed using the Egger’s 
Regression test,53 and also by visual inspection of a funnel 
plot. An inverted, symmetrically shaped funnel is indicative 
of low risk of publication bias.39

Data Management

Review Manager Software (RevMan version 5.2; Nordic 
Cochrane Center, Cochrane Collaboration) was used to cre-
ate all forest and funnel plots for this review. Meta-regression 
was performed using Comprehensive Meta-Analysis 3.0 

(Engelwood, USA). Agreement between the reviewers, as 
assessed through the un-weighted κ, was calculated using 
SPSS software (version 24.0; SPSS Inc., USA).

Results
Our search strategy identified 292 unique citations. 
Searching international conference proceedings yielded an 
additional six potentially eligible abstracts. Of these, 275 
were excluded based on title and abstract screening, because 
of incorrect intervention (n = 22), irrelevant comparator 
(n  =  29), or for not being a randomized controlled trial 
(n = 224). The remaining 23 potentially eligible citations 
had their full-text versions reviewed. Of these, six were 
excluded for the following reasons: different population 
(cosmetic breast augmentation surgery, n =  2),26,54 incor-
rect intervention (Pectoralis-I55 or Pectoralis-II combined 
with Serratus anterior plane25 block, n = 2), and irrelevant 
comparator (thoracic spinal anesthesia56 or local anesthetic 
infusion,57 n  =  2). Correspondence with the authors of 
completed and ongoing trials found in clinical trial reg-
istries did not yield any additional studies. Three abstracts 
were also excluded as they were never published as full 
manuscripts,58–60 with no further data were available from 
authors. Thus a total of 14 randomized controlled trials 
were included in this systematic review and meta-anal-
ysis,2,3,10,13,15,16,22,23,61–66 including 12 full-text manuscri
pts,2,3,10,13,15,16,22,61–65 and abstracts of two studies where full 
data and/or manuscripts under review were provided by 
the authors.23,66 None of the included studies was a qua-
si-randomized trial. The unweighted κ for agreement on 
full-text eligibility between the two independent reviewers 
was 0.82; and a third reviewer opinion needed for three 
trials.16,23,66 Figure 1 depicts the study flow diagram in this 
review.

Study Characteristics

The characteristics of included studies and outcomes 
assessed in this review are presented in table 1. The surgical 
procedures performed in the trials reviewed included mod-
ified radical mastectomy in 13 of 14 trials,2,3,10,13,15,16,22,23,61–66 
with additional axillary dissection in three trials,10,62,63 and 
additional immediate breast reconstruction in two trials.23,64 
One trial also included patients undergoing partial mastec-
tomy.19 The 14 randomized controlled trials involved a total 
of 887 patients, of which 443 received Pectoralis-II block, 
102 received paravertebral block, and 342 received gen-
eral anesthesia alone (Control). Nine studies (684 patients) 
compared Pectoralis-II to Control, and five studies (203 
patients) compared Pectoralis-II to paravertebral block. 
All 14 studies2,3,10,13,15,16,19,22,23,61–65 reported pain severity 
scores in the first 24 h (coprimary outcome), and 14 stud-
ies2,3,10,13,15,16,19,22,23,59,61–64 reported cumulative 24-h analgesic 
consumption (co-primary outcome). Postoperative pain 
and analgesic consumption were assessed beyond 24 h in 
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two studies only,19,23 whereas long-term outcomes (qual-
ity of life or incidence of persistent postsurgical pain) were 
reported in one study only.16

The nerve block techniques and analgesic regimens 
used in the studies reviewed are presented in table  2. 
Pectoralis-II block was performed preoperatively in 11 stud-
ies,2,3,10,13,15,16,22,23,61–63 intraoperatively (after the induction of 
general anesthesia) in two,19,64 and block timing was not 
specified in one study.65 The block technique was explicitly 
described as two injections (between pectoral major and 
minor muscles, and between pectoralis minor and serratus 
anterior muscles) in 12 studies,2,3,10,13,15,16,19,22,61–64 whereas 
the remaining studies23,65 cited Blanco’s technique17 without 
specifying that two injections were performed. In these two 
studies, we could not ascertain that two injections were per-
formed, as some practitioners incorrectly refer to the injec-
tion between pectoralis minor and serratus anterior muscles 
as Pectoralis-II block. The level at which the Pectoralis-II 
block was performed was either T310,13,15,16,22,63 or between 
T3 and T4.2,3,19,61,62,64 Only two studies16,63 used adjuvants, 

dexmedetomidine16 and epinephrine,63 that could influ-
ence analgesic outcomes. The paravertebral block compar-
ator in the five trials15,22,23,61,63 comparing Pectoralis-II with 
paravertebral block involved a single-level single-injection 
technique performed at the T315,23,61 or T422,63 level using 
landmark guidance in one trial,22 ultrasound-guided trans-
verse in-plane approach in one trial,15 and ultrasound-guided 
parasagittal in-plane approach in three trials.23,61,63

Risk of Bias Assessment

The risk of bias assessment for each individual study is 
presented in figure  2. Of the randomized controlled tri-
als included, three15,23,65 did not provide sufficient informa-
tion about random sequence generation (unclear risk of 
detection bias) and six10,13,15,23,64,65 did not provide sufficient 
information about allocation concealment (unclear risk of 
selection bias). Furthermore, nine studies2,3,10,13,15,22,23,62,65 
did not explicitly state that participants and operators per-
forming blocks were blinded (unclear risk of performance 
bias), whereas one study64 did not blind anesthesiologists 

Fig. 1.  Study flow diagram for study inclusion.
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performing Pectoralis-II (high risk of performance bias). 
One study65 did not provide sufficient details regarding 
the sham blocks used (unclear risk of detection bias), and 
another six2,3,10,13,62,64 did not use sham blocks at all (high 
risk of detection bias). Three studies15,23,65 did not provide 
sufficient details to assess patient loss (unclear risk of attri-
tion bias), whereas another study19 had less than 20% loss 
and did not conduct any post hoc analysis (high risk of attri-
tion bias). Finally, only four studies2,19,62,64 were preregis-
tered with clinical trial registries; thus, all other studies were 
assigned an unclear risk of reporting bias.

Primary Outcomes

Cumulative 24-h Oral Morphine Equivalent Consumption.  For 
Pectoralis-II versus Control, all eight studies2,3,10,13,16,19,62,65 (575 
patients; Pectoralis II: 290, Control: 285) that reported cumu-
lative 24-h oral morphine consumption provided sufficient 
reporting to allow for statistical pooling. Overall, Pectoralis-II 
block significantly reduced the cumulative 24-h oral mor-
phine consumption by a mean difference [95% CI] of 
30.5 mg [−42.2, −18.8], (P < 0.00001, I2 = 98%) compared 
with Control. Based on an minimal clinically important dif-
ference of 30 mg of oral morphine, this difference met the 
threshold of clinical importance, and the mean difference was 
not different from the minimal clinically important difference 
(P = 0.951). This outcome was characterized by high het-
erogeneity, and metaregression analysis performed to explore 
the sources of heterogeneity using predefined covariates sug-
gested that cumulative 24-h oral morphine consumption was 
independent of (1) invasiveness of surgery (mastectomy vs. 
mastectomy with sentinel node biopsy vs. mastectomy with 
axillary dissection; R2 = 0.00, P = 0.532); (2) localization tech-
nique (ultrasound alone vs. ultrasound and nerve-stimulator 
to elicit a pectoral twitch; R2 = 0.00, P = 0.072); (3) post-
operative analgesic modality (multimodal, inclusive of opioid 
and other adjuvants vs. opioid-based; R2 = 0.00, P = 0.194); 
and (4) dose of local anesthetic used (R2 = 0.00, P = 0.942). 
Metaregression was not performed on the type of local anes-
thetic as all studies2,3,10,13,16,19,62,64 used intermediate/long act-
ing formulations. Furthermore, for covariates where fewer 
than two trials were available (use of adjuncts),16 the results 
were robust to sensitivity analysis. Additionally, the direction 
and magnitude of treatment effect did not change with addi-
tional sensitivity analysis when studies that were (1) published 
in nonindexed journals16 and (2) had a high risk of bias in 
one or more domains of the Cochrane risk of bias assessment 
tool,2,3,10,13,19,62,64 were excluded from analysis. Sensitivity 
analysis was not performed on excluding studies available as 
abstracts, because all studies included in this comparison were 
published in full-text.2,3,10,13,16,19,62,64 The risk of publication 
bias was low for this comparison (P = 0.181), and the qual-
ity of evidence, as assessed by Grades of Recommendation, 
Assessment, Development, and Evaluation guidelines, was 
moderate because of the risk of detection bias and heteroge-
neity in the pooled estimate.

Fig. 2.  The Cochrane risk of bias assessment for included 
studies.
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For Pectoralis-II versus paravertebral block, cumulative 
24-h oral morphine consumption data were reported and 
pooled from five studies15,22,23,61,63 (200 patients; Pectoralis-II: 
100, paravertebral block: 100). Overall, Pectoralis-II was not 
different from paravertebral block for cumulative 24-h oral 
morphine consumption, with a mean difference [95% CI] of 
−6.2 mg [−13.3, 0.8] (P = 0.083, I2 = 86%). Metaregression 
analysis could not be performed for this outcome as less 
than two trials were available in the prespecified covariates. 
We performed sensitivity analysis by excluding the single 
study22 that did not use ultrasound guidance, but this did 
not change the significance of the primary results. However, 
sensitivity analysis by excluding the study that used mul-
timodal analgesia63 and the study that included patients 
having axillary dissection63 altered the magnitude of effect 
to significantly favoring Pectoralis-II by 9.8 mg [−17.6, 
−1.9] (P =  0.020, I2 =  79%); nonetheless, this difference 
was not clinically important (i.e., different from the min-
imal clinically important difference of 30 mg, P = 0.004). 
This suggests that Pectoralis-II may be marginally superior 
to paravertebral block for axillary interventions limited to 
sentinel node biopsy. Intermediate/long-acting local anes-
thetics were used in all trials; thus, sensitivity analysis was 
not performed for this covariate.15,22,23,61,63 Additionally, the 
direction and magnitude of treatment effect did not change 
with additional sensitivity analysis when studies that were 
(1) published in nonindexed journals15,22 and (2) available 
as abstracts23 were excluded from analysis. Sensitivity anal-
ysis was not performed on excluding studies based on hav-
ing high risk of bias because none of studies included in 

this comparison met this criterion. The risk of publication 
bias was low for the Pectoralis-II versus paravertebral block 
(P = 0.663) comparison, and the quality of evidence was 
low because of imprecision and heterogeneity in the pooled 
estimate.
Area under the Curve for Pain Severity at Rest.  The area under 
the curve of rest pain over the first 24 h for each arm exam-
ined was used to estimate the mean difference in area under 
the curve for each of the two comparisons of interest.

For Pectoralis-II versus Control, the number of patients 
included at the 1-h comparison was 438 (Pectoralis-II: 245, 
Control: 243), and 538 (Pectoralis-II: 270, Control: 268) 
at the 6, 12, and 24-h comparisons. The mean difference 
in area under the curve for the pooled rest pain scores 
(Pectoralis-II – Control) favored the Pectoralis-II block by 
−4.7 cm · h [−5.1, -4.2] (fig. 3), or −1.2 cm [−1.3, −1.1] 
per measurement. The absolute value of this difference was 
significantly greater than (P < 0.0001) the minimal clini-
cally important difference in area under the curve for 24 h 
(3.3 cm · h), exceeding the threshold of clinical importance 
and confirming that Pectoralis-II provides superior rest pain 
control during the first 24 h postoperatively, compared with 
Control.

For Pectoralis-II versus paravertebral block, the number 
patients included at each time point was 203 (Pectoralis-II: 
101, paravertebral block: 102), 228 (Pectoralis-II: 116, para-
vertebral block: 112), 163 (Pectoralis-II: 81, paravertebral 
block: 82), and 203 (Pectoralis-II: 101, paravertebral block: 
102) at 1, 6, 12, and 24 h, respectively. The mean difference 
in area under the curve for the pooled rest pain scores 

Fig. 3.  Graphical representation (star plot) of the area under the curve of the pooled weighted mean pain scores at rest as measured by the 
visual analog scale (0–10 cm) over time (four time points) for each of Pectoralis II (PECS II) and Control (systemic analgesia). The axes depict 
pain scores at different time points. PACU, postanesthesia care unit.
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(Pectoralis-II – paravertebral block) favored the Pectoralis-II 
block by −1.5 cm · h [−2.2, −0.8] (fig. 4), or −0.4 cm [−0.6, 
−0.2] per measurement. However, the absolute value of this 
difference was less than (P < 0.0001) the minimal clinically 
important difference area under the curve for 24 h (−3.3 cm 
· h).

Comparing Pectoralis-II and Paravertebral Block for 
Noninferiority

The mean difference between Pectoralis-II and paraver-
tebral block in cumulative 24-h oral morphine consump-
tion was −6.2 mg [−13.3, 0.8]; and the lower boundary 
of the 95% CI was significantly greater (P = 0.002) than 
the designated ∆ (−27 mg), suggesting that Pectoralis-II is 
not statically or clinically worse than paravertebral block. 
Furthermore, the mean difference between Pectoralis-II 
and paravertebral block in area under the curve of rest pain 
scores over the first 24 h postoperatively was −1.5 cm · h 
[−2.2, −0.8], and both upper and lower boundaries of the 
95% CI lied between zero and the designated ∆ (−3.0 cm · 
h), suggesting that Pectoralis-II is not clinically worse than 
paravertebral block. These two comparisons suggest that 
Pectoralis-II is most likely not clinically worse than para-
vertebral block for analgesic outcomes during the first 24 h 
following breast cancer surgery.

Short-term Secondary Outcomes

Rest Pain Severity Scores at Individual Time Points.  Compared 
with Control, Pectoralis-II improved pain control at 1, 6, 12, 

and 24 h postoperatively, by a mean difference [99% CI] equiv-
alent to 2.5 cm [−3.5, −1.5] (P < 0.00001, I2 = 95%), 1.5 cm 
[−2.3, −0.7] (P < 0.00001, I2 = 93%), 1.4 cm [−2.3, −0.5) 
(P = 0.0001, I2 = 96%), and 0.9 cm [−1.8, −0.1) (P = 0.006, 
I2 = 97%), respectively (table 3). The risk of publication bias 
was low at 1- (P = 0.251), 6- (P = 0.150), 12- (P = 0.093), 
and 24-h (P = 0.162) assessments, and the quality of evidence 
was moderate for all time points due to the risk of detection 
bias and heterogeneity in the pooled estimate.

Compared with paravertebral block, Pectoralis-II 
improved pain control at 1 and 6 h postoperatively, by a 
mean difference [99% CI] equivalent to 1.1 cm [−1.5, −0.6] 
(P < 0.00001, I2 = 0%), and 0.7 cm [−1.3, −0.1] (P = 0.002, 
I2 =  37%), respectively. There were no differences in rest 
pain scores between the Pectoralis-II and paravertebral 
block groups at 12 and 24 h (table  3). The risk of publi-
cation bias was low at 1- (P = 0.962), 6- (P = 0.932), 12- 
(P  =  0.900), and 24-h (P  =  0.553) assessments, and the 
quality of evidence was low at all time points because of 
heterogeneity and imprecision in the pooled estimate.
Time to First Analgesic Request.  For Pectoralis-II versus 
Control, the time to first analgesic request was assessed 
by four studies3,10,13,62 (270 patients; Pectoralis-II: 125, 
Control: 145). Compared with Control, patients receiv-
ing Pectoralis-II block had a longer time to first analge-
sic request, by 5.02 h [2.55, 7.49] (P < 0.00001, I2 = 100%; 
table 3). The risk of publication bias was low for this com-
parison (P = 0.120), and the quality of evidence was low 
because of imprecision, heterogeneity, and a risk for detec-
tion bias in the pooled estimate.

Fig. 4.  Graphical representation (star plot) of the area under the curve of the pooled weighted mean pain scores at rest as measured by the 
visual analog scale (0–10 cm) over time (four time points) for each of Pectoralis-II (PECS II) and paravertebral block (PVB). The axes depict 
pain scores at different time points. PACU, postanesthesia care unit.
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For Pectoralis-II versus paravertebral block, the time to 
first analgesic request was assessed by four studies15,22,61,63 
(183 patients; Pectoralis: 91, paravertebral block: 92). We 
found no difference between the Pectoralis-II and paraver-
tebral block groups in the time to first analgesic request 
(table 3). The risk of publication bias was low for this com-
parison (P = 0.652), and the quality of evidence was low 
because of imprecision and heterogeneity in the pooled 
estimate.
Oral Morphine Consumption at 2 h (Postanesthesia Care 
Unit).  Oral morphine consumption at 2 h (postanes-
thesia care unit stay) was assessed in one study compar-
ing Pectoralis-II and Control,19 and another comparing 
Pectoralis-II and paravertebral block.23 Qualitatively, there 
were no differences in any of the comparisons for this 
outcome.
Oral Morphine Consumption during the 24- to 48-h 
Interval.  Oral morphine consumption during the 24- to 
48-h interval postoperatively was assessed by one study 
comparing Pectoralis-II and Control,19 and another com-
paring Pectoralis-II and paravertebral block.23 Qualitatively, 
there were no differences in any of the comparisons for this 
outcome.
Block Success.  Assessment of sensory block onset was 
performed in three studies, two of which compared 
Pectoralis-II with paravertebral block22,61 and one compared 
Pectoralis-II with Control.3 Block success was reported for 
all of the Pectoralis-II and paravertebral block blocks per-
formed in these studies.
Opioid-related Side Effects.  For Pectoralis-II versus Control, 
six trials examined the risk of opioid-related side effe
cts.2,3,10,16,62,64 There were no differences between these two 
groups for this outcome (table 3). The risk of publication 
bias was low for this comparison (P = 0.292), and the qual-
ity of evidence was low because of heterogeneity and risk 
of detection bias in the pooled estimate.

For Pectoralis-II versus paravertebral block, three trials 
examined the risk of opioid-related side effects.15,22,61 There 
were no differences between these two groups for this out-
come (table 3). The risk of publication bias was low for this 
comparison (P = 0.384), and the quality of evidence was 
low because of imprecision in the pooled estimate.
Block-related Complications.  For the Pectoralis-II versus 
Control, four studies2,3,10,64 evaluated block-related compli-
cations. None of the patients involved in this comparison 
experienced any complications.

For Pectoralis-II versus paravertebral block, five stud-
ies15,22,23,61,63 evaluated block-related complications. Although 
none of the patients in the Pectoralis-II group developed 
any block-related complications (pneumothorax, vascular 
puncture/hematoma, neuraxial spread, and local anesthetic 
systemic toxicity), two patients in the paravertebral block 
group developed a pneumothorax.15 This difference did not 
reach statistical significance (table 3). Publication bias was 
not assessed for this outcome as complications occurred 

in one study only,15 and the quality of evidence was low 
because of imprecision in the pooled estimate.
Quality of Recovery.  None of the included studies assessed 
this outcome.

Long-term Secondary Outcomes

Incidence of Chronic Postsurgical Pain.  Only one study com-
paring Pectoralis-II with Control assessed the incidence of 
chronic postsurgical pain at the 3- and 6-month postsur-
gery follow-ups.16 Qualitatively, there were no difference 
in the risk of developing chronic postsurgical pain at three 
(P  =  0.160) or six months (P  =  0.041, adjusted thresh-
old = 0.010) between the Pectoralis-II group (6 of 30 and 
8 of 30 patients at 3 and 6 months, respectively) and the 
Control group (11 of 30 and 16 of 30 patients at 3 and 6 
months, respectively).
Opioid Dependence.  None of the included studies assessed 
long-term opioid dependence. Only one study comparing 
Pectoralis-II with Control assessed the need for analge-
sics at 2 weeks postsurgery.16 Qualitatively, fewer patients 
(P =  0.003) in the Pectoralis-II group (9 of 30 patients) 
required analgesic at 2 weeks compared with the Control 
group (21 of 30 patients).
Quality of Life.  None of the included studies assessed this 
outcome.
Level of Disability after Discharge.  None of the included 
studies assessed this outcome.

Discussion
Our systematic review and meta-analysis is the first to 
demonstrate the absolute analgesic benefits of Pectoralis-II 
following breast cancer surgery, and to demonstrate the 
clinical utility of Pectoralis-II as an analgesic alternative to 
paravertebral block. Specifically, for analgesic consumption 
and area under the curve of rest pain scores during the first 
24 h postoperatively, we found Pectoralis-II to be superior 
to Control by clinically important differences. Additionally, 
Pectoralis-II was noninferior and not clinically worse than 
paravertebral block for analgesic consumption and area 
under the curve of rest pain, respectively. Furthermore, 
there were no differences between the two techniques for 
all analgesic outcomes examined (time to first analgesic 
request, opioid-related side effects). These results support 
the analgesic utility of Pectoralis-II block in women having 
breast cancer surgery, as well as its use as a paravertebral 
block alternative in this population.

Ultrasound-guided anatomical descriptions of the 
Pectoralis-II block are consistent with our results. The 
Pectoralis-II block is associated with wide local anesthetic 
spread that blocks the T2-T5 dermatomes (i.e., most of the 
breast tissue), a spread difficult to achieve with a single-in-
jection paravertebral block.27,66 Furthermore, by blocking 
the long thoracic, thoracodorsal, and medial and lateral 
pectoral, which are spared by the paravertebral block,61 
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Pectoralis-II theoretically provides effective analgesia to the 
axilla. Indeed, our review has provided novel evidence sup-
porting the above anatomical hypothesis: we have observed 
that Pectoralis-II seemed to provide pain control that is 
superior to paravertebral block over the first 6 h postoper-
atively, but this difference is muted when the overall pain 
experience is evaluated using an area under the curve of 
pain more than 24 h. This observation can interpreted in the 
context of the nature of the surgical procedures examined, 
namely breast tumor resection inclusive of axillary inter-
ventions.15,22,23,61,63 The unpooled data from the individ-
ual studies also corroborate this explanation; patients who 
received Pectoralis-II block had better control of pain local-
ized to the axilla.19,61 Therefore, it is important to confine 
the conclusion to the specific settings where the compar-
isons were conducted. Pectoralis-II is not clinically worse 
(noninferior) for analgesic outcomes to single-injection 
paravertebral block in patients having breast surgery pro-
cedures involving the axilla. Importantly, Pectoralis-II block 
enjoys several technical and clinical features that influence 
its desirability and acceptability by practitioners. As a super-
ficial block targeting the fascial planes between thoracic 
wall muscles, Pectoralis-II is considered to be technically 
simpler and faster to perform compared to paravertebral 
block.61,64 It is also believed to be associated with lower risks 
of local anesthetic systemic toxicity and pleural puncture,61 
and, if needed, could be performed after induction of gen-
eral anesthesia.19,64 These benefits of Pectoralis-II have made 
it an increasingly popular block, as evidenced by the publi-
cation of more than 26 studies2,3,10,13,15,16,19,22,25,54,56,57,61–64,67–76 
examining this block since its initial description in 2012.27

In contrast, there may be several safety and technical 
reasons why an effective paravertebral block alternative is 
desirable. From a safety perspective, success and quality of 
the paravertebral block depends on the levels of practitioner 
skill and experience,12 which need to be high because of 
the paravertebral space proximity to the parietal pleura, 
intercostal nerves, neuraxis,77–79 and major vessels (azygous 
vein and the descending aorta).12,78 Conceivably, the risks 
of vascular puncture, neuraxial spread with symptomatic 
hypotension, and pleural puncture are not insignificant, 
and can be up to 5.4%, 4.6%,67,78–80 and 1.1%,80 respectively. 
Technically, dermatomal spread of single-level paravertebral 
block is unpredictable,81 necessitating multiple paravertebral 
blocks,7 with clear implications to risks, procedure time, and 
pain. Furthermore, the failure rate of paravertebral block is 
5.6%12 and is likely higher in obese patients.82 Concerns 
regarding local anesthetic systemic toxicity have also been 
reported with bilateral paravertebral block;83,84 and, owing 
to its depth, paravertebral block is also contraindicated in 
anticoagulated patients.85 Not surprisingly, there has been 
an ongoing quest to identify simpler and safer paravertebral 
block alternatives to increase the acceptability of regional 
anesthesia for breast cancer surgery. To that end, all of the 
recently described fascial plane blocks, including erector 

spinae plane block,86,87 retrolaminar block,88,89 paraspi-
nal block,90 and the midpoint transverse process to pleura 
block91 target more superficial endpoints that are outside 
the paravertebral space. However, unlike Pectoralis-II, these 
blocks currently lack supporting clinical evidence.

To present a balanced discussion, it is important to 
highlight the benefits of paravertebral block that were not 
examined in the trials reviewed, and where paravertebral 
block may continue to be advantageous (i.e., superior), 
compared with the Pectoralis-II block. To start, paraverte-
bral block is unique in its ability to provide surgical anes-
thesia,5,92 whereas this has not been demonstrated yet with 
Pectoralis-II. Additionally, even for postoperative analgesia, 
the comparisons herein were conducted against single-level 
paravertebral block;15,22,23,61,63 and conclusions are not nec-
essarily generalizable to paravertebral block techniques 
involving injection at multiple thoracic levels. Another 
important advantage specific to paravertebral block but 
not Pectoralis-II is its combined somatic and sympathetic 
blockade of innervation to the breast, which may explain 
its prolonged analgesic effect lasting more than 48 h,93–95 its 
impact on quality of recovery after surgery,5 and its protec-
tive effect against chronic postsurgical pain.96 Other techni-
cal advantages include the ability to administer paravertebral 
block in the absence of ultrasound equipment or relevant 
training, based on anatomical landmarks.97,98 Additionally, 
patients who have had prior breast surgery or radiother-
apy remain amenable to the paravertebral block; in contrast, 
Pectoralis-II block may not be feasible because of disrup-
tion of anatomical planes. Certain surgeons may also object 
to Pectoralis-II block, as it disrupts anatomical planes in the 
axilla and causes tissue edema, precluding effective use of 
cautery.99 Finally, despite its anecdotal nature, evidence of 
improved survival with paravertebral block should also be 
considered.100

Our systematic review and meta-analysis has several 
notable strengths. First, our comprehensive search strat-
egy that was limited to randomized controlled trials and 
incorporated non-English studies was able to identify a 
large number of full-text trials2,3,10,13,15,16,19,22,61–64 and several 
relevant published abstracts.23,58–60,66 Second, our assessment 
of the risk of performance and detection biases was con-
servative. Third, our review successfully pooled analgesic 
and pain data from a large number of trials on the topic 
and generated a moderate level of evidence supporting the 
analgesic role of the Pectoralis-II block for breast cancer 
surgery. Fourth, we used conservative thresholds of statis-
tical significance and 99% CI for our secondary outcomes 
to reduce the risk of type-I error. Fifth, most of the trials 
were similar in regards to examining major breast cancer 
surgeries known to be associated with moderate-to-severe 
pain.101 Sixth, our use of area under the curve analysis cap-
tured analgesic-time variation in the Pectoralis-II block in 
comparison to paravertebral block and Control, despite 
the limited number of observations available (four) and the 
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unequal distances between some observations. Using pain 
as one of two primary outcomes also partially adheres to 
the consensus definitions for the Standardized Endpoints 
in Perioperative Medicine initiative.102 Finally, a post hoc 
power analysis performed to check whether the noninfe-
riority comparisons had sufficient power revealed that 36 
and 37 patients per group are needed to test for noninfe-
riority over opioid consumption and area under the curve, 
respectively (with a significance level of 0.025, 90% power, 
zero allowable difference, and variances of 1,521 for opioid 
consumption and 15.5 for area under the curve). The sam-
ple size available (Pectoralis: 101, paravertebral block: 102) 
provided more than 99% power for the one-sided tests of 
noninferiority.

Our review also has several limitations. First, some out-
comes were characterized by high levels of heterogene-
ity that was not resolved by metaregression or sensitivity 
analysis. Reasons for this may have been attributable to 
subtle variation in surgical technique and differences in 
anesthetic and analgesic regimens. Second, many of the 
included studies had small sample sizes, which decreases 
their effect and limits external validity. Third, given the 
limited evidence on other novel fascial plane blocks,86–91 
our focus was limited to only Pectoralis-II block in the 
specific clinical setting examined. Fourth, very few tri-
als assessed sensory block onset,3,22,61 precluding any 
conclusion on block success. Inconsistent reporting also 
precluded evaluating dynamic pain3,22,62 and long-term 
outcomes (quality of life, disability), as included trials did 
not follow patients longitudinally. Prognosis and psycho-
logic factors were also not reported in the source trials, 
impeding the evaluation of the impact103 of these factors 
on pain and other analgesic outcomes. Fifth, all studies 
examined involved axillary interventions, thus pain origi-
nating from the axilla may have been a factor in favoring 
one intervention over the other. Sixth, this review did not 
include local infiltration, a technique that is gaining pop-
ularity, whether on its own or in combination with other 
blocks. Seventh, this review was unable to inform the inci-
dence rate of rare events, such as serious complications; 
examining rare events requires much bigger sample sizes. 
Finally, Pectoralis-II is not necessarily complication-free61 
as our review did not have sufficient power to detect 
uncommon outcomes.104 Similarly, our noninferiority 
analysis was a secondary objective and thus may not have 
been adequately powered.

Conclusions

In conclusion, Pectoralis-II is a beneficial analgesic tech-
nique that is clinically superior to Control, and not clin-
ically worse than paravertebral block during the first 24 h 
after breast cancer surgery. These results encourage the 
incorporation of the Pectoralis-II block into a multimodal 
pain control strategy, as well its use as a paravertebral block 
alternative following breast tumor resection.

Research Support

Dr. Brull receives research time support from the Evelyn 
Bateman Cara Operations Endowed Chair in Ambulatory 
Anesthesia and Women’s Health, Women’s College Hospital, 
Toronto, Ontario, Canada. Dr. Abdallah receives research 
time support from the Department of Anesthesiology and 
Pain Medicine and the Ottawa Hospital Research Institute, 
University of Ottawa, Ottawa, Ontario, Canada.

Competing Interests

The authors declare no competing interests.

Correspondence

Address correspondence to Dr. Abdallah: The Ottawa Hospital 
General Campus, 501 Smyth Road, Ottawa, Ontario, Canada, 
K1H 8L6. FAbdallah@toh.ca. This article may be accessed for 
personal use at no charge through the Journal Web site, www.
anesthesiology.org.

References

	 1.	 Siegel RL, Miller KD, Jemal A: Cancer statistics, 2016. 
CA Cancer J Clin 2016; 66:7–30

	 2.	 Kim DH, Kim S, Kim CS, Lee S, Lee IG, Kim HJ, Lee 
JH, Jeong SM, Choi KT: Efficacy of pectoral nerve 
block Type II for breast-conserving surgery and sen-
tinel lymph node biopsy: A prospective randomized 
controlled study. Pain Res Manag 2018; 2018:4315931

	 3.	 Kumar S, Goel D, Sharma SK, Ahmad S, Dwivedi P, 
Deo N, Rani R: A randomised controlled study of the 
post-operative analgesic efficacy of ultrasound-guided 
pectoral nerve block in the first 24 h after modified 
radical mastectomy. Indian J Anaesth 2018; 62:436–42

	 4.	 Vadivelu N, Schreck M, Lopez J, Kodumudi G, Narayan 
D: Pain after mastectomy and breast reconstruction. 
Am Surg 2008; 74:285–96

	 5.	 Abdallah FW, Morgan PJ, Cil T, McNaught A, Escallon 
JM, Semple JL, Wu W, Chan VW: Ultrasound-guided 
multilevel paravertebral blocks and total intravenous 
anesthesia improve the quality of recovery after ambu-
latory breast tumor resection. Anesthesiology 2014; 
120:703–13

	 6.	 Andersen KG, Kehlet H: Persistent pain after breast 
cancer treatment: A critical review of risk factors and 
strategies for prevention. J Pain 2011; 12:725–46

	 7.	 Hussain N, Shastri U, McCartney CJL, Gilron I, 
Fillingim RB, Clarke H, Katz J, Juni P, Laupacis A, 
Wijeysundera D, Abdallah FW: Should thoracic para-
vertebral blocks be used to prevent chronic postsurgical 
pain after breast cancer surgery? A systematic analysis 
of evidence in light of IMMPACT recommendations. 
Pain 2018; 159:1955–71

	 8.	 Peuckmann V, Ekholm O, Rasmussen NK, Groenvold 
M, Christiansen P, Møller S, Eriksen J, Sjøgren P: 

Copyright © 2019, the American Society of Anesthesiologists, Inc. Unauthorized reproduction of this article is prohibited.

D
ow

nloaded from
 http://asa2.silverchair.com

/anesthesiology/article-pdf/131/3/630/532691/20190900_0-00030.pdf by guest on 10 April 2024

mailto:FAbdallah@toh.ca
http://www.anesthesiology.org
http://www.anesthesiology.org


	 Anesthesiology 2019; 131:630–48	 645

Pectoralis-II Myofascial Block and Analgesia

Hussain et al.

Chronic pain and other sequelae in long-term breast 
cancer survivors: Nationwide survey in Denmark. Eur 
J Pain 2009; 13:478–85

	 9.	 Lee JS, Hu HM, Edelman AL, Brummett CM, Englesbe 
MJ, Waljee JF, Smerage JB, Griggs JJ, Nathan H, Jeruss 
JS, Dossett LA: New persistent opioid use among 
patients with cancer after curative-intent surgery. J Clin 
Oncol 2017; 35:4042–9

	10.	 Ahmed AAA: Efficacy of pectoral nerve block using 
bupivacaine with or without magnesium sulfate. 
Anesth Essays Res 2018; 12: 440

	11.	 Tighe SQ, Karmakar MK: Serratus plane block: Do 
we need to learn another technique for thoracic wall 
blockade? Anaesthesia 2013; 68:1103–6

	12.	 Terkawi AS, Tsang S, Sessler DI, Terkawi RS, 
Nunemaker MS, Durieux ME, Shilling A: Improving 
analgesic efficacy and safety of thoracic paravertebral 
block for breast surgery: A mixed-effects meta-analysis. 
Pain Physician 2015; 18:E757–80

	13.	 Bashandy GM, Abbas DN: Pectoral nerves I and II 
blocks in multimodal analgesia for breast cancer sur-
gery: A randomized clinical trial. Reg Anesth Pain Med 
2015; 40:68–74

	14.	 Group RAaAPMFD: Guidelines for fellowship training 
in Regional Anesthesiology and Acute Pain Medicine, 
2nd edition, 2010. Reg Anesth Pain Med 2011; 36: 282–8

	15.	 El-Sheikh SM, Fouad A, Bashandy GN, AL-Azzb M, 
Gamal R: Ultrasound guided modified pectoral nerves 
block versus thoracic paravertebral block for periop-
erative analgesia in major breast surgery. Med J Cairo 
Univ 2016; 84: 189–95

	16.	 Hassn AMA, Zanfaly HE, Biomy TA: Pre-emptive 
analgesia of ultrasound-guided pectoral nerve block 
II with dexmedetomidine–bupivacaine for controlling 
chronic pain after modified radical mastectomy. Res 
Opin Anesth Intensive Care 2016; 3: 6–13

	17.	 Blanco R, Fajardo M, Parras Maldonado T: Ultrasound 
description of Pecs II (modified Pecs I): A novel 
approach to breast surgery. Rev Esp Anestesiol Reanim 
2012; 59:470–5

	18.	 Singh PM, Borle A, Kaur M, Trikha A, Sinha A: Opioid-
sparing effects of the thoracic interfascial plane blocks: 
A meta-analysis of randomized controlled trials. Saudi 
J Anaesth 2018; 12:103–11

	19.	 Versyck B, van Geffen GJ, Van Houwe P: Prospective 
double blind randomized placebo-controlled clinical 
trial of the pectoral nerves (Pecs) block type II. J Clin 
Anesth 2017; 40:46–50

	20.	 Schell SR: Patient outcomes after axillary lymph node 
dissection for breast cancer: Use of postoperative con-
tinuous local anesthesia infusion. J Surg Res 2006; 
134:124–32

	21.	 Cheng GS, Ilfeld BM: A review of postoperative anal-
gesia for breast cancer surgery. Pain Manag 2016; 
6:603–18

	22.	 Wahba SS, Kamal SM: Thoracic paravertebral block 
versus pectoral nerve block for analgesia after breast 
surgery. Egy J Anaest 2014; 30: 129–35

	23.	 Scimia P: Pecs block vs thoracic paravertebral block for 
the management of postoperative analgesia in major 
breast surgery: preliminary findings. Abstracts and 
Highlight Papers of the 35th Annual European Society 
of Regional Anaesthesia & Pain Therapy (ESRA) 
Congress 2016, Masstricht, The Netherlands. Reg 
Anesth Pain Med 2016; 41(5 Suppl 1): e94

	24.	 Moher D, Liberati A, Tetzlaff J, Altman DG, Group 
P: Preferred reporting items for systematic reviews 
and meta-analyses: The PRISMA statement. J Clin 
Epidemiol 2009; 62: 1006–12

	25.	 Kamiya Y, Hasegawa M, Yoshida T, Takamatsu M, 
Koyama Y: Impact of pectoral nerve block on postop-
erative pain and quality of recovery in patients under-
going breast cancer surgery: A randomised controlled 
trial. Eur J Anaesthesiol 2018; 35:215–23

	26.	 Sala-Blanch X, Cohen AS, López-Pantaleon LA, Cubero 
M: Analgesic efficacy of modified pectoral block plus 
serratus plane block in breast augmentation surgery: A 
randomised, controlled, triple-blind clinical trial. Revista 
Española de Anestesiología y Reanimación (English 
Edition) 2019; 66:62–71

	27.	 Blanco R, Fajardo M, Parras Maldonado T: Ultrasound 
description of Pecs II (modified Pecs I): A novel 
approach to breast surgery. Rev Esp Anestesiol Reanim 
2012; 59:470–5

	28.	 United States National Library of Medicine: 
ClinicalTrials.gov. Available at http://www.
ClinicalTrials.gov. Accessed July 2, 2018

	29.	 Higgins JP, Altman DG, Gøtzsche PC, Jüni P, Moher 
D, Oxman AD, Savovic J, Schulz KF, Weeks L, Sterne 
JA, Group CBM, Group CSM: The Cochrane 
Collaboration’s tool for assessing risk of bias in ran-
domised trials. BMJ 2011; 343: d5928

	30.	 Higgins JPT, Altman DG, Gøtzsche PC, Jüni P, Moher 
D, Oxman AD, Savović J, Schulz KF, Weeks L, Sterne 
JAC: The Cochrane Collaboration’s tool for assessing 
risk of bias in randomised trials. BMJ 2011; 343

	31.	 Guyatt GH, Oxman AD, Kunz R, Falck-Ytter Y, Vist 
GE, Liberati A, Schünemann HJ; GRADE Working 
Group: Going from evidence to recommendations. 
BMJ 2008; 336:1049–51

	32.	 Guyatt G, Oxman AD, Akl EA, Kunz R, Vist G, Brozek 
J, Norris S, Falck-Ytter Y, Glasziou P, DeBeer H, 
Jaeschke R, Rind D, Meerpohl J, Dahm P, Schünemann 
HJ: GRADE guidelines: 1. Introduction-GRADE evi-
dence profiles and summary of findings tables. J Clin 
Epidemiol 2011; 64:383–94

	33.	 Canadian Pharmacists Association: Compendium of 
Pharmaceuticals and Specialties: The Canadian Drug 
Reference for Health Professionals., 45th edition. Ottawa, 
Ontario, Canada, Canadian Pharmacists Assoc., 2010

Copyright © 2019, the American Society of Anesthesiologists, Inc. Unauthorized reproduction of this article is prohibited.

D
ow

nloaded from
 http://asa2.silverchair.com

/anesthesiology/article-pdf/131/3/630/532691/20190900_0-00030.pdf by guest on 10 April 2024

http://www.ClinicalTrials.gov
http://www.ClinicalTrials.gov


Pain Medicine

646	 Anesthesiology 2019; 131:630–48	 Hussain et al.

	34.	 Williamson A, Hoggart B: Pain: A review of three 
commonly used pain rating scales. J Clin Nurs 2005; 
14:798–804

	35.	 Breivik EK, Björnsson GA, Skovlund E: A comparison 
of pain rating scales by sampling from clinical trial data. 
Clin J Pain 2000; 16:22–8

	36.	 Breivik H, Borchgrevink PC, Allen SM, Rosseland LA, 
Romundstad L, Hals EK, Kvarstein G, Stubhaug A: 
Assessment of pain. Br J Anaesth 2008; 101:17–24

	37.	 Thorlund K, Walter SD, Johnston BC, Furukawa TA, 
Guyatt GH: Pooling health-related quality of life out-
comes in meta-analysis: A tutorial and review of meth-
ods for enhancing interpretability. Res Synth Methods 
2011; 2:188–203

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

	39.	 Cochrane Handbook for Systematic Reviews 
of Interventions Version 5.1.0, The Cochrane 
Collaboration, 2011

	40.	 Furukawa TA, Barbui C, Cipriani A, Brambilla P, 
Watanabe N: Imputing missing standard deviations 
in meta-analyses can provide accurate results. J Clin 
Epidemiol 2006; 59:7–10

	41.	 Moore A, McQuay H, Gavaghan D: Deriving dichot-
omous outcome measures from continuous data in 
randomised controlled trials of analgesics. Pain 1996; 
66:229–37

	42.	 DerSimonian R, Laird N: Meta-analysis in clinical tri-
als. Control Clin Trials 1986; 7:177–88

	43.	 Cook CE: Clinimetrics Corner: The minimal clinically 
important change score (MCID): A necessary pretense. 
J Man Manip Ther 2008; 16:E82–3

	44.	 Harrington S, Gilchrist L, Sander A: Breast cancer 
EDGE task force outcomes: Clinical measures of pain. 
Rehabil Oncol 2014; 32:13–21

	45.	 Fernández-Lao C, Cantarero-Villanueva I, Fernández-
de-las-Peñas C, Del-Moral-Ávila R, Menjón-Beltrán 
S, Arroyo-Morales M: Widespread mechanical pain 
hypersensitivity as a sign of central sensitization after 
breast cancer surgery: Comparison between mastec-
tomy and lumpectomy. Pain Med 2011; 12:72–8

	46.	 Ueshima H, Hiroshi O: Ultrasound and nerve stimula-
tor guidance decreases the use of local anesthetic for 1st 
injection in pectoral nerve blocks. J Clin Anesth 2018; 
48:21

	47.	 Moore DC, Bridenbaugh LD, Bridenbaugh PO, Tucker 
GT: Bupivacaine for peripheral nerve block: A com-
parison with mepivacaine, lidocaine, and tetracaine. 
Anesthesiology 1970; 32:460–3

	48.	 Elia N, Lysakowski C, Tramèr MR: Does multimodal 
analgesia with acetaminophen, nonsteroidal antiinflam-
matory drugs, or selective cyclooxygenase-2 inhibi-
tors and patient-controlled analgesia morphine offer 

advantages over morphine alone? Meta-analyses of ran-
domized trials. Anesthesiology 2005; 103:1296–304

	49.	 Cho CH, Song KS, Min BW, Lee KJ, Ha E, Lee YC, 
Lee YK: Multimodal approach to postoperative pain 
control in patients undergoing rotator cuff repair. Knee 
Surg Sports Traumatol Arthrosc 2011; 19:1744–8

	50.	 Hassan HG, Renck H, Lindberg B, Lindquist B, 
Akerman B: Effects of adjuvants to local anaesthet-
ics on their duration. II. Studies of some substituted 
dextrans and other macromolecules in rat infraorbital 
nerve block. Acta Anaesthesiol Scand 1985; 29:380–3

	51.	 Patil KN, Singh ND: Clonidine as an adjuvant to rop-
ivacaine-induced supraclavicular brachial plexus block 
for upper limb surgeries. J Anaesthesiol Clin Pharmacol 
2015; 31:365–9

	52.	 Taylor R: Interpretation of the correlation coefficient: 
A basic review. J Diag Med Sonography 1990; 6:35–9

	53.	 Egger M, Davey Smith G, Schneider M, Minder C: 
Bias in meta-analysis detected by a simple, graphical 
test. BMJ 1997; 315:629–34

	54.	 Karaca O, Pınar HU, Arpacı E, Dogan R, Cok OY, 
Ahiskalioglu A: The efficacy of ultrasound-guided 
type-I and type-II pectoral nerve blocks for postoper-
ative analgesia after breast augmentation: A prospective, 
randomised study. Anaesth Crit Care Pain Med 2019; 
38:47–52

	55.	 Hetta DF, Rezk KM: Pectoralis-serratus interfascial 
plane block vs thoracic paravertebral block for unilat-
eral radical mastectomy with axillary evacuation. J Clin 
Anesth 2016; 34:91–7

	56.	 Eldeen HMS: Ultrasound guided pectoral nerve 
blockade versus thoracic spinal blockade for conser-
vative breast surgery in cancer breast: A randomized 
controlled trial. Egy J Anaest 2016; 32: 29–35

	57.	 O’Scanaill P, Keane S, Wall V, Flood G, Buggy DJ: 
Single-shot pectoral plane (PECs I and PECs II) blocks 
versus continuous local anaesthetic infusion analgesia 
or both after non-ambulatory breast-cancer surgery: 
A prospective, randomised, double-blind trial. Br J 
Anaesth 2018; 120:846–53

	58.	 Wada M: A randomized, controlled study studying the 
extent to which pectoral nerve blocks decrease acute 
and chronic postoperative pain after breast cancer sur-
gery. Abstracts and Highlight Papers of the 34th Annual 
European Society of Regional Anaesthesia & Pain 
Therapy (ESRA) Congress 2015, Ljubljana, Slovenia. 
Reg Anesth Pain Med 2015; 40 (5 Suppl 1): e83

	59.	 Lykoudi E, Delistathis GS, E Tselempis, E Oikonomou, 
E Mpournavea, S, Mastrokosta E: Pectoral nerves I 
and II blocks for breast cancer surgery. Abstracts and 
Highlight Papers of the 35th Annual European Society 
of Regional Anaesthesia & Pain Therapy (ESRA) 
Congress 2016, Masstricht, The Netherlands. Reg 
Anesth Pain Med, 2016;41(5 Suppl 1):e63

Copyright © 2019, the American Society of Anesthesiologists, Inc. Unauthorized reproduction of this article is prohibited.

D
ow

nloaded from
 http://asa2.silverchair.com

/anesthesiology/article-pdf/131/3/630/532691/20190900_0-00030.pdf by guest on 10 April 2024



	 Anesthesiology 2019; 131:630–48	 647

Pectoralis-II Myofascial Block and Analgesia

Hussain et al.

	60.	 Tan J, Lyu R, Yan J, Zhu Y, Zhou R, Jing G: Analgesic 
effect and safety evaluation of Pectoralis block under 
ultrasound guidance in multimodal analgesia after 
modified radical mastectomy. J Clin Anesth 2017; 33: 
747–50

	61.	 Kulhari S, Bharti N, Bala I, Arora S, Singh G: Efficacy 
of pectoral nerve block versus thoracic paravertebral 
block for postoperative analgesia after radical mas-
tectomy: A randomized controlled trial. Br J Anaesth 
2016; 117:382–6

	62.	 M N, Pandey RK, Sharma A, Darlong V, Punj J, Sinha 
R, Singh PM, Hamshi N, Garg R, Chandralekha C, 
Srivastava A: Pectoral nerve blocks to improve analgesia 
after breast cancer surgery: A prospective, randomized 
and controlled trial. J Clin Anesth 2018; 45:12–7

	63.	 Syal K, Chandel A: Comparison of the post-opera-
tive analgesic effect of paravertebral block, pectoral 
nerve block and local infiltration in patients undergo-
ing modified radical mastectomy: A randomised dou-
ble-blind trial. Indian J Anaesth 2017; 61:643–8

	64.	 Wang K, Zhang X, Zhang T, Yue H, Sun S, Zhao H, 
Zhou P: The efficacy of ultrasound-guided type II pec-
toral nerve blocks in perioperative pain management 
for immediate reconstruction after modified radical 
mastectomy: A prospective, randomized study. Clin J 
Pain 2018; 34:231–6

	65.	 Kanitkar R, Mane A, Agashe A, Kulkarni M, Deshmukh 
S: Abstract P2-12–13: Modified pectoral nerves block 
for postoperative analgesia after modified radical mas-
tectomy: A comparative study. Cancer Research 2016; 
76: P2-12–13

	66.	 Naja Z, Lönnqvist PA: Somatic paravertebral nerve 
blockade: Incidence of failed block and complications. 
Anaesthesia 2001; 56:1184–8

	67.	 Manzoor S, Taneja R, Sood N, Puri A, Kadayaprath G: 
Comparative study to assess the quality of analgesia of 
bupivacaine and bupivacaine with dexmedetomidine 
in ultrasound-guided pectoral nerve block type I and II 
in breast surgeries. J Anaesthesiol Clin Pharmacol 2018; 
34:227–31

	68.	 Kaur H, Arora P, Singh G, Singh A, Aggarwal S, Kumar 
M: Dexmedetomidine as an adjunctive analgesic to 
ropivacaine in pectoral nerve block in oncological 
breast surgery: A randomized double-blind prospective 
study. J Anaesthesiol Clin Pharmacol 2017; 33:457–61

	69.	 Verdonck O, Verlaan Y: Comparison of perioperative opi-
oid consumption following pectoral nerve block under 
general anesthesia for breast cancer surgery: A random-
ized clinical trial. Available at: www.clinicaltrials.gov, reg-
istration (NCT02741232). Accessed August 25, 2018

	70.	 Ghimire A, Pokharel K: Ultrasound guided pecto-
ral nerve I and II blocks in multimodal analgesia for 
breast surgery: A randomized single blinded control 
trial. Available at: www.clinicaltrials.gov, registration 
(NCT02672813). Accessed August 25, 2018

	71.	 Aarab Y, Chanques C, Françoise A, François P: Effects 
of the pectoral blocks in the prosthetic breast expan-
sion surgery: Prospective, randomized, double blind 
study. Available at: www.clinicaltrials.gov, registration 
(NCT02682186). Accessed August 25, 2018

	72.	 Melink M, Krautwurst T: Paravertebral block versus 
pectoral nerve block for analgesia following mastec-
tomy. Available at: www.clinicaltrials.gov, registration 
(NCT03152929). Accessed August 25, 2018

	73.	 Danelli G: Thoracic paravertebral block versus pecto-
ral nerves block (modified Pectoralis) block in breast 
surgery. Available at: www.clinicaltrials.gov, registration 
(NCT02677571). Accessed August 25, 2018

	74.	 Cros J, Beaulieu P: The pectoral nerve block 
(PECBLOCK) for the treatment of pain after breast 
cancer surgery. Available at: www.clinicaltrials.gov, reg-
istration (NCT01670448). Accessed August 25, 2018

	75.	 Sosnowski M, Wiams K: A randomised, double-blind, 
placebo-controlled study to assess the effectiveness of 
pectoral nerves block (Pectoralis) after breast surgery 
on piritramide consumption. Available at: www.clin-
icaltrials.gov, registration (NCT02655965). Accessed 
August 25, 2018

	76.	 Choi Ju, Kwak H, Lee K: Efficacy of preoperative 
ultrasound guided pectoral nerve block for intraopera-
tive opioid sparing effect and postoperative analgesia in 
patients undergoing surgery for breast cancer. Available 
at: www.clinicaltrials.gov, registration (NCT03210220). 
Accessed August 25, 2018

	77.	 Portela DA, Campoy L, Otero PE, Martin-Flores M, 
Gleed RD: Ultrasound-guided thoracic paravertebral 
injection in dogs: A cadaveric study. Vet Anaesth Analg 
2017; 44:636–45

	78.	 Richardson J, Lönnqvist PA, Naja Z: Bilateral thoracic 
paravertebral block: Potential and practice. Br J Anaesth 
2011; 106:164–71

	79.	 Karmakar MK: Thoracic paravertebral block. 
Anesthesiology 2001; 95:771–80

	80.	 Lönnqvist PA, MacKenzie J, Soni AK, Conacher ID: 
Paravertebral blockade. Failure rate and complications. 
Anaesthesia 1995; 50:813–5

	81.	 Cheema S, Richardson J, McGurgan P: Factors affect-
ing the spread of bupivacaine in the adult thoracic 
paravertebral space. Anaesthesia 2003; 58:684–7

	82.	 Nielsen KC, Guller U, Steele SM, Klein SM, Greengrass 
RA, Pietrobon R: Influence of obesity on surgical 
regional anesthesia in the ambulatory setting: An anal-
ysis of 9,038 blocks. Anesthesiology 2005; 102:181–7

	83.	 Fagenholz PJ, Bowler GM, Carnochan FM, Walker WS: 
Systemic local anaesthetic toxicity from continuous tho-
racic paravertebral block. Br J Anaesth 2012; 109:260–2

	84.	 Calenda E, Baste JM, Hajjej R, Danielou E, Peillon 
C: Toxic plasma concentration of ropivacaine after a 
paravertebral block in a patient suffering from severe 
hypoalbuminemia. J Clin Anesth 2014; 26:149–51

Copyright © 2019, the American Society of Anesthesiologists, Inc. Unauthorized reproduction of this article is prohibited.

D
ow

nloaded from
 http://asa2.silverchair.com

/anesthesiology/article-pdf/131/3/630/532691/20190900_0-00030.pdf by guest on 10 April 2024

www.clinicaltrials.gov, registration (NCT02741232
www.clinicaltrials.gov, registration (NCT02741232
www.clinicaltrials.gov, registration (NCT02672813
www.clinicaltrials.gov, registration (NCT02672813
www.clinicaltrials.gov, registration (NCT02682186
www.clinicaltrials.gov, registration (NCT02682186
www.clinicaltrials.gov, registration (NCT03152929
www.clinicaltrials.gov, registration (NCT03152929
www.clinicaltrials.gov, registration (NCT02677571
www.clinicaltrials.gov, registration (NCT02677571
www.clinicaltrials.gov, registration (NCT01670448
www.clinicaltrials.gov, registration (NCT01670448
www.clinicaltrials.gov, registration (NCT02655965
www.clinicaltrials.gov, registration (NCT02655965
www.clinicaltrials.gov, registration (NCT03210220


Pain Medicine

648	 Anesthesiology 2019; 131:630–48	 Hussain et al.

	85.	 Narouze S, Benzon HT, Provenzano D, Buvanendran 
A, De Andres J, Deer T, Rauck R, Huntoon MA: 
Interventional spine and pain procedures in patients 
on antiplatelet and anticoagulant medications (Second 
Edition): Guidelines from the American Society of 
Regional Anesthesia and Pain Medicine, the European 
Society of Regional Anaesthesia and Pain Therapy, the 
American Academy of Pain Medicine, the International 
Neuromodulation Society, the North American 
Neuromodulation Society, and the World Institute of 
Pain. Reg Anesth Pain Med 2018; 43: 225–62

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

	87.	 Chin KJ, Adhikary S, Sarwani N, Forero M: The anal-
gesic efficacy of pre-operative bilateral erector spinae 
plane (ESP) blocks in patients having ventral hernia 
repair. Anaesthesia 2017; 72:452–60

	88.	 Murouchi T, Yamakage M: Retrolaminar block: 
Analgesic efficacy and safety evaluation. J Anesth 2016; 
30:1003–7

	89.	 Onishi E, Murakami M, Nishino R, Ohba R, 
Yamauchi M: Analgesic effect of double-level retrol-
aminar paravertebral block for breast cancer surgery in 
the early postoperative period: a placebo-controlled, 
randomized clinical trial. Tohoku J Exp Med 2018; 
245:179–85

	90.	 Roué C, Wallaert M, Kacha M, Havet E: Intercostal/
paraspinal nerve block for thoracic surgery. Anaesthesia 
2016; 71:112–3

	91.	 Costache I, de Neumann L, Ramnanan CJ, Goodwin 
SL, Pawa A, Abdallah FW, McCartney CJL: The mid-
point transverse process to pleura (MTP) block: A new 
end-point for thoracic paravertebral block. Anaesthesia 
2017; 72:1230–6

	92.	 Karmakar MK, Samy W, Li JW, Lee A, Chan WC, Chen 
PP, Ho AM: Thoracic paravertebral block and its effects 
on chronic pain and health-related quality of life after 
modified radical mastectomy. Reg Anesth Pain Med 
2014; 39:289–98

	93.	 Lönnqvist PA: Pre-emptive analgesia with thoracic 
paravertebral blockade? Br J Anaesth 2005; 95:727–8

	94.	 Woolf CJ: Dissecting out mechanisms responsible for 
peripheral neuropathic pain: Implications for diagnosis 
and therapy. Life Sci 2004; 74:2605–10

	95.	 Woolf CJ, Chong MS: Preemptive analgesia–treating 
postoperative pain by preventing the establishment of 
central sensitization. Anesth Analg 1993; 77:362–79

	96.	 Hussain N, Goldar G, Ragina N, Banfield L, Laffey JG, 
Abdallah FW: Suprascapular and interscalene nerve 
block for shoulder surgery: A systematic review and 
meta-analysis. Anesthesiology 2017; 127:998–1013

	97.	 Kairaluoma PM, Bachmann MS, Rosenberg PH, 
Pere PJ: Preincisional paravertebral block reduces the 
prevalence of chronic pain after breast surgery. Anesth 
Analg 2006; 103:703–8

	98.	 Lee P, McAuliffe N, Dunlop C, Palanisamy M, Shorten 
G: A comparison of the effects of two analgesic regi-
mens on the development of persistent post-surgical 
pain (PPSP) after breast surgery. J Rom Anest Terap 
Int 2013; 20: 83–93

	99.	 Abdallah FW, Cil T, MacLean D, Madjdpour C, 
Escallon J, Semple J, Brull R: Too deep or not too 
deep?: A propensity-matched comparison of the anal-
gesic effects of a superficial versus deep serratus fascial 
plane block for ambulatory breast cancer surgery. Reg 
Anesth Pain Med 2018; 43:480–7

	100.	 Exadaktylos AK, Buggy DJ, Moriarty DC, Mascha 
E, Sessler DI: Can anesthetic technique for primary 
breast cancer surgery affect recurrence or metastasis? 
Anesthesiology 2006; 105:660–4

	101.	 Tasmuth T, von Smitten K, Hietanen P, Kataja M, 
Kalso E: Pain and other symptoms after different 
treatment modalities of breast cancer. Ann Oncol 
1995; 6:453–9

	102.	 Myles PS, Boney O, Botti M, Cyna AM, Gan TJ, Jensen 
MP, Kehlet H, Kurz A, De Oliveira GS Jr, Peyton P, 
Sessler DI, Tramèr MR, Wu CL, Myles P, Grocott 
M, Biccard B, Blazeby J, Boney O, Chan M, Diouf 
E, Fleisher L, Kalkman C, Kurz A, Moonesinghe R, 
Wijeysundera D; StEP–COMPAC Group: Systematic 
review and consensus definitions for the Standardised 
Endpoints in Perioperative Medicine (StEP) initia-
tive: Patient comfort. Br J Anaesth 2018; 120:705–11

	103.	 Ozalp G, Sarioglu R, Tuncel G, Aslan K, Kadiogullari 
N: Preoperative emotional states in patients with 
breast cancer and postoperative pain. Acta Anaesthesiol 
Scand 2003; 47:26–9

	104.	 Ueshima H, Otake H: Ultrasound-guided pectoral 
nerves (Pectoralis) block: Complications observed in 
498 consecutive cases. J Clin Anesth 2017; 42:46

Copyright © 2019, the American Society of Anesthesiologists, Inc. Unauthorized reproduction of this article is prohibited.

D
ow

nloaded from
 http://asa2.silverchair.com

/anesthesiology/article-pdf/131/3/630/532691/20190900_0-00030.pdf by guest on 10 April 2024


