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A B S T R A C T

Study objective: To determine whether pectoral nerves (PECS) blocks provide effective postoperative analgesia
when compared with no regional technique in patients undergoing breast surgery.
Design: Systematic review, meta-analysis and trial sequential analysis.
Setting: Operating room, postoperative recovery area and ward, up to 24 postoperative hours.
Patients: Patients undergoing breast surgery under general anaesthesia with either PECS block or no regional
technique.
Interventions: We searched five electronic databases for randomized controlled trials comparing PECS block with
no block or sham injection.
Measurements: The primary outcome was rest pain scores (analogue scale, 0–10) at 2 h, analysed according to
surgery (mastectomy vs other breast surgery) and regional technique (PECS 2 vs other blocks), among others.
Secondary outcomes included morphine equivalent consumption, and rate of postoperative nausea and vomiting
at 24 h.
Main results: Sixteen trials including 1026 patients were identified. Rest pain scores at 2 h were decreased in the
PECS blocks group, with a mean (95%CI) difference of −1.5 (−2.0, −1.0); I2 = 93%; p < 0.001, with no
differences between surgery (mastectomy, mean difference [95%CI]: −1.8 [−2.4, −1.2], I2 = 91%,
p < 0.001; other breast surgery, mean difference [95%CI]: −1.1 [−2.1, −0.1], I2 = 94%, p = 0.03; p for
subgroup difference = 0.25), and regional technique (PECS 2, mean differences [95%CI]: −1.6 [−2.3, −1.0],
I2 = 94%, p < 0.001; other blocks, mean differences [95%CI]: −1.3 [−2.4, −0.1], I2 = 74%, p = 0.04; p for
subgroup difference = 0.57). The rate of postoperative nausea and vomiting was reduced from 30.8% (95%CI:
25.7%, 36.3%) to 18.7% (95%CI, 14.4%, 23.5%; p = 0.01). Similarly, secondary outcomes were significantly
improved in the PECS blocks group. The overall quality of evidence was moderate-to-high.
Conclusions: There is moderate-to-high level evidence that PECS blocks provide postoperative analgesia after
breast surgery when compared with no regional technique and reduce rate of PONV. This might provide the most
benefit to those at high-risk of postoperative pain.

1. Introduction

Pain after breast surgery, radical mastectomy, in particular, is re-
ported to be moderate to severe [1]. The pectoral nerves (PECS) blocks
were developed to provide postoperative analgesia and include PECS 1,
PECS 2 and serratus plane blocks. The PECS 1 block is achieved with a

10 ml injection of local anaesthetic between the pectoralis major and
minor muscles at the third rib level in order to block the medial and
lateral pectoral nerves [2]. The PECS 2 consists of a PECS 1 block plus a
further injection of 20 ml of local anaesthetic between the pectoralis
minor and serratus anterior muscles at the fourth rib level in order to
block the intercostal nerves and the long thoracic nerve [3]. Finally, the
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serratus plane block involves a 20 to 40 ml injection of local anaesthetic
above or below the serratus anterior muscle at the 5th rib and blocks
the intercostal nerves and thoracodorsal nerve [4]. The true analgesic
efficacy of these techniques in the setting of breast oncological surgery
is unclear.

Recent meta-analyses have attempted to resolve conflicting reports
in the literature regarding the analgesic benefit of these blocks after
breast surgery [5,6]. However, these studies, which included seven [5]
and nine articles [6] for their primary outcome regarding the com-
parison between PECS blocks and control groups, either did not try to
explain the high coefficient of heterogeneity [5], did not perform a trial
sequential analysis to establish whether firm evidence was reached
[5,6], or did not assess the quality of evidence [5,6]. Moreover, one of
these two meta-analyses did not register prior to publication and
therefore is prone to reporting bias [6]. We believe these issues do not
allow physicians to rely on robust evidence to inform their clinical
practice.

In order to resolve these drawbacks, and given that the literature
has been bolstered by recent randomized clinical trials, we decided to
undertake this systematic review, meta-analysis and trial sequential
analysis with the objective of investigating whether PECS blocks im-
prove postoperative pain-related outcomes, when compared with no
regional anaesthesia, in patients having breast surgery.

2. Methods

2.1. Literature search and inclusion criteria

The conduct of this systematic review and meta-analysis adhered to
the “Preferred Reporting Items for Systematic Reviews and Meta-
Analyses” (PRISMA) statement [7], and we registered the protocol with
PROSPERO (registration number: CRD42019131550). Our search
strategy employed the following electronic databases up to July 15,
2019: MEDLINE, PUBMED, Embase, Cochrane Central Register of
Controlled Clinical Trials and Web of Science. The population search
words applied were: Breast or Breast surgery OR Breast diseases. The
results from this initial search were merged with a subsequent search
for the words Thoracic wall OR Thoracic nerves OR Nerve block. Sev-
eral keywords were searched separately including: Mastectom*, Mam-
mectom*, Lumpectom*, Mammoplast*, Tumorectom*, Quad-
rantectom*, Augmentation*, Implantation*, Reconstruction*, PEC*,
Pector*, and Interfascial*. No language restriction or limit on subject
age groups was placed on the search, however, the complete set of
results were limited to only randomized controlled trials and human
subjects. In addition, the authors scrutinized the references of all re-
trieved articles for any applicable trials that had not been captured by
the above approach. Finally, Google Scholar™ was queried in order to
identify any remaining relevant publications, and authors that regis-
tered clinical trials on Clinicaltrials.gov were contacted.

2.2. Population

This meta-analysis addresses female adults undergoing any breast
surgical procedure.

2.3. Intervention and comparator

Trials comparing any PECS block with no block or sham injection
were included. PECS block was defined as PECS 1, PECS 2 and serratus
plane blocks in combination or alone.

2.4. Outcomes

Defined outcomes were extracted from each article following the
routine approach that we previously described in meta-analyses on
acute postoperative pain [8–11]. Our primary outcome was rest pain

score at 2 postoperative hours. Secondary pain-related outcomes were
rest pain at 12 and 24 postoperative hours; dynamic pain scores at 2, 12
and 24 postoperative hours; cumulative intravenous (iv) morphine
equivalent consumption at 2, 12, and 24 postoperative hours; time to
first analgesic request; and rates of postoperative nausea and vomiting
(PONV) at 24 postoperative hours. We also sought to capture hospital
length of stay, chronic pain (defined as persistent postoperative pain) at
6 postoperative months, and block-related infection.

2.5. Trial characteristics

Extracted trial characteristics included the type of breast surgery,
type of PECS block, local anaesthetic injected, maintenance of anaes-
thesia, and perioperative analgesic treatment.

2.6. Rating of the studies

For each randomized trial, the methodologic quality was evaluated
using the Cochrane Collaboration's Risk of Bias Tool [12]. Two authors
(SG and EJ) employed this method to independently screen, review and
score the items for each trial. A third author (EA), separately reviewed
any instances of disagreement in scoring or extracted data.

2.7. Data extraction

The text, tables or images from the source articles were evaluated to
extract the number of participants, number of events, means, standard
deviations, standard error of means and 95% confidence intervals (CI).
For articles that failed to describe the sample size or results as a mean
and standard deviation or standard error of the mean and 95%CI, we
contacted the corresponding author twice by email with a request for
access to the relevant data or to the author's complete dataset. In the
event of a corresponding author failing to reply, we employed the
median and interquartile range as approximations of the mean and
standard deviation, by estimating the mean as equivalent to the median
and standard deviation as the interquartile range divided by 1.35, or
the range divided by 4 [13]. All opioids were converted to equia-
nalgesic iv morphine doses (iv morphine 10 mg = iv hydromorphone
1.5 mg = oral morphine 30 mg = oral oxycodone 20 mg = oral hy-
drocodone 30 mg = oral hydromorphone 7.5 mg = iv tramadol
100 mg = iv pethidine 75 mg = iv sufentanil 10 μg = iv fentanyl 100
μg) [14,15]. Pain scores employing a 11-graduation verbal, visual or
numeric rating scale, results were transposed to a 0–10 scale to permit
statistical evaluation. In addition, the Grades of Recommendation, As-
sessment, Development, and Evaluation (GRADE) Working Group
system was applied to each outcome to evaluate the quality of evidence
[16].

2.8. Statistical analysis

We utilised Review Manager (RevMan version 5.3.5; Copenhagen,
The Nordic Cochrane Centre, The Cochrane Collaboration 2014) for all
meta-analyses. For continuous data, this software estimates the
weighted mean differences, and similarly the risk ratio for categorical
data between groups, with an overall estimate of the pooled effect. A
meta-analysis could only be conducted when two or more trials re-
ported any given outcome. We calculated the I2 coefficient in order to
assess heterogeneity and set predetermined limits for low (25–49%),
moderate (50–74%), and high (> 75%) levels [17]. A random effects
model was applied in circumstances when moderate or high hetero-
geneity was observed; otherwise, a fixed effects model was employed.
As an attempt to account for sources of heterogeneity, subgroup ana-
lyses were conducted for our primary outcome according to the surgery
(radical mastectomy versus other breast surgery), the anaesthetic
maintenance (propofol vs volatile agent), the regional technique (PECS
2 block vs other PECS blocks) and perioperative analgesic strategy
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(with or without multimodal analgesia treatment inclusive of acet-
aminophen and/or non-steroidal anti-inflammatory drugs and/or sur-
gical infiltration with local anaesthetic). The anaesthetic maintenance
subgroup analysis was determined to mitigate any potential influence
of anaesthetic agent on analgesia, given that propofol has been shown
to have analgesic properties [18]. Further, a sensitivity analysis on
radical mastectomy with or without axillary lymph node dissection was
also conducted. Finally, we performed a subgroup analysis on the rate
of PONV within 24 h according to the administration of intraoperative
PONV prophylaxis or not. The risk of publication bias associated with
the primary outcome was estimated by creating a funnel plot of stan-
dard error of the mean difference in rest pain score at 2 postoperative
hours (y-axis) as a function of the mean rest pain score difference at 2
postoperative hours (x-axis) and confirmed with Duval and Tweedie's
trim and fill test [19] using Comprehensive Meta-analysis Version 2
software (Biostat, Englewood, NJ). Finally, we executed a trial se-
quential analysis on the primary outcome in order to evaluate whether
firm evidence was reached for rest pain scores at 2 postoperative hours
using TSA software version 0.9.5.10 Beta (Copenhagen Trial Unit,
Center for Clinical Intervention Research, Rigshospitalet, Copenhagen,
Denmark) [20]. We present results as the mean difference or relative
risk (RR) with 95% CI and a 2-sided p-value<0.05 was deemed to be
significant.

3. Results

The literature search identified 615 trials, of which 16 met our in-
clusion criteria, comprising 1026 patients (Supplementary Fig. 1)
[21–34]. The Cochrane Collaboration Risk of Bias tool (Fig. 1) revealed
that most included articles had a low risk of bias. Eleven authors were
contacted and 3 supplied the data [27–29]; means and standard de-
viations were approximated from median, interquartile range or range
in six trials [22,23,25,26,31,36].

Trials characteristics are displayed in Table 1. Nine trials included
patients who underwent radical mastectomy
[21,22,24,27,28,30,34–36]. Anaesthesia was maintained with propofol
in three studies [21,25,29]. All studies performed a PECS 2 block with
10 ml of local anaesthetics injected between the pectoralis major and
minor muscles and 20 ml below the pectoralis minor muscle, except five
studies that performed either a PECS 1 block [23], a PECS 1 with a
serratus plane block [28], a PECS 2 with a serratus plane block [32],
and a serratus plane block alone [29,35]. All blocks were performed
with long-acting local anaesthetics. With the exception of 4 trials that
performed the block before the induction of general anaesthesia
[22,24,27,35], and one trial where block timing was not reported [28],
all authors performed the block after induction of general anaesthesia
but before surgery.

In total, six studies administered a routine intraoperative PONV
prophylaxis consisting of a combination of ondansetron, dex-
amethasone and droperidol [21], a combination of ondansetron and
dexamethasone [23,29,31,32,35], or dexamethasone alone [31]. In all
trials except two, authors prescribed multimodal analgesia [28,34],

The mean (SD) rest pain scores at 2 postoperative hours was sig-
nificantly reduced in the PECS blocks group (1.8 (1.2)) compared to the
control group (3.3 (1.3); p < 0.001) without any differences observed
between radical mastectomy and other breast surgery subgroups
(Fig. 2). Similarly, there was no difference in the anaesthetic main-
tenance subgroup analysis as mean differences (95%CI) were −1.5
(−2.1, −1.0), I2 = 94%, p < 0.001 and − 1.4 (−2.1, −0.7),
I2 = 0%, p < 0.001 in the volatile agent and propofol subgroups,
respectively (p = 0.69). The PECS 2 blocks and other PECS blocks
subgroups had mean differences (95%CI) of −1.6 (−2.3, −1.0),
I2 = 94%, p < 0.001 and −1.3 (−2.4, −0.1), I2 = 74%, p = 0.04,
without subgroup difference, p = 0.57. Finally, the magnitude of the
analgesic impact of PECS block vs control was reduced in the setting of
multimodal analgesia (mean difference [95%CI]: −1.4 [−2.0, −0.9];

I2 = 94%; p < 0.001) when compared to no multimodal analgesia
(mean difference [95%CI]:−2.2 [−2.7,−1.7]; I2 = 0%; p < 0.001; p
for subgroup difference = 0.04). A sensitivity analysis of eight trials
[22,24,27,28,30,33–35] revealed that the analgesic efficacy of the PECS
block was more pronounced when a radical mastectomy was performed
without axillary lymph node dissection [22,24,27] (mean difference
(95%CI): −2.4 (−3.1, −1.8); I2 = 87%; p < 0.001) when compared
with axillary dissection [28,30,33–35] (mean difference (95%CI): −1.1
(−2.0, −0.3); I2 = 92%; p = 0.009; p for subgroup differ-
ence = 0.02).

Fig. 1. Cochrane collaboration risk of bias summary: evaluation of bias risk
items for each included study. Green circle, low risk of bias; red circle, high risk
of bias; yellow circle, unclear risk of bias. (For interpretation of the references
to colour in this figure legend, the reader is referred to the web version of this
article.)
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The trial sequential analysis indicated that firm evidence was
reached regarding the contribution of PECS block to decrease pain score
at 2 postoperative hours (Fig. 3). Regarding the risk of publication bias
for the primary outcome, Duval and Tweedie's trim and fill test calcu-
lated the combined studies point estimate to be −0.96 (95%CI: −1.01,
−0.82) with a random effects model. Using trim and fill, these values
were unchanged, suggesting that no studies are missing. The funnel plot
is presenting in Supplementary Fig. 2. According to the GRADE system,
the quality of evidence for the primary outcome was high (Table 3).

All secondary acute pain-related outcomes were also significantly
improved in the PECS blocks group (Table 2). PONV was significantly
reduced in the PECS group with a rate (95%CI) of 18.7% (14.4%,
23.5%), compared with 30.8% (25.7%, 36.3%) in the control group
(p = 0.01). The subgroup analysis according to the administration of
intraoperative PONV prophylaxis or not, did not result in subgroup
difference (p = 0.54), with a risk ratio (95%CI) of 0.65 (0.38, 1.11),
p = 0.11, I2 = 0% and 0.49 (0.23, 1.01), p = 0.05, I2 = 71%, re-
spectively. Reported by two trials [24,34], hospital length of stay was
reduced in the PECS block group, with a mean difference (95%CI) of
1.6 days (−1.6, −1.5); I2 = 0%; p < 0.001. Two trials [21,24] re-
ported the rates of chronic pain at six postoperative months, which
were 20% and 35% in the PECS blocks and control groups, respectively,
with a risk ratio of 0.6 (95%CI: 0.3, 1.1), I2 = 0%, p = 0.08. Finally,
two trials sought the number of block-related infections [21,28] and
reported none.

4. Discussion

This systematic review and meta-analysis with trial sequential
analysis investigated whether PECS blocks provide postoperative an-
algesia when compared with no regional anaesthesia in patients having
breast surgery. Based on 16 randomized controlled trials, including a
total of 1026 patients, we demonstrated that there is moderate-to-high
evidence that PECS blocks reduce rest and dynamic pain scores, and
morphine equivalent consumption at 2, 12 and 24 postoperative hours,

along with the rate of PONV at 24 postoperative hours. The PECS block
was equally effective for both unilateral radical mastectomy and other
types of breast surgery. In the subgroup of patients having radical
mastectomy, the analgesic efficacy was more pronounced when there
was no axillary node dissection. This is not surprising, as the thor-
acodorsal and intercostobrachial nerves are not reliably covered by a
PECS block [37]. Of note, the type of PECS block (PECS 2 block or other
PECS blocks) did not impact on the postoperative analgesia. Un-
surprisingly, there was no difference whether anaesthesia was main-
tained with volatile agents or propofol, even if it has been shown that
propofol might have some analgesic properties [18]. We have also de-
monstrated that the PECS blocks reduce the overall rate of PONV within
24 postoperative hours with a risk ratio of 1.6 (30.8%/18.7%), a risk
difference of 12.1% (30.8%–18.7%) and a number needed to treat of 8
(1/0.121), independently of the routine administration of an intra-op-
erative prophylaxis or not. Finally, and based on what most authors
reported, we recommend performing a PECS2 block after the induction
of general anaesthesia but before surgery, and injecting a total volume
of 30 ml of long-acting local anaesthetics.

Noteworthy, the analgesic benefit following mastectomy in parti-
cular was relevant, with a mean difference in pain scores in the im-
mediate postoperative period of 1.4 or 2.2 with or without the pre-
scription of multimodal analgesic treatment, respectively. In addition,
the mean difference of 5 to 10 mg iv morphine consumption at 24
postoperative hours represents a 10 to 20 mg oxycodone-reduction. We
expect that some physicians and patients could interpret these differ-
ences as modest, particularly given that the minimum clinically im-
portant reductions in these two outcomes for breast surgery have yet to
be demonstrated. That being said, these analgesic benefits are also as-
sociated with a reduction in opioid-related side-effects such as PONV. In
context of the current opioid epidemic [15], along with the probable
safety of the procedure, we believe that the PECS block should be
considered as a first-line regional anaesthetic technique within a mul-
timodal analgesic regimen for breast surgery since the balance of risk to
benefit favours this block. In particular, this technique is likely to be

Fig. 2. Rest pain score at 2 postoperative hours according to the type of breast surgery (radical mastectomy vs other breast surgeries).
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beneficial in patients with predictors of poor postoperative pain control
[38], patients undergoing procedures that are likely to be more painful,
or as a rescue in the low-risk patient who develops moderate-to-severe
postoperative pain. Despite limited data, our subgroup analyses high-
lighted the benefit of a perioperative multimodal analgesic strategy,
which might be sufficient in patients receiving breast-conserving sur-
gery or who are at low risk of poor postoperative pain control. Finally,
it is worth mentioning that we did not find any trial examining the
analgesic efficacy of the PECS blocks in comparison to surgical in-
filtration, which represents an important avenue for further investiga-
tion.

Unfortunately, we were unable to correlate any association between
effective analgesia and rates of chronic postoperative pain, which
ranged from 20 to 57%, in the two articles included in this meta-ana-
lysis that specifically sought this outcome [21,24] and in others ex-
ploring specifically this topic [39,40]. Although this was not the pri-
mary outcome in this study, a posthoc analysis demonstrates that 138
patients in each group should be included in order to find a statistically
significant difference with alpha and beta values of 0.05 and 0.2, re-
spectively. Of note, Andreae and Andreae concluded in a systematic
review that the paravertebral block prevents the development of
chronic postoperative pain prevent after breast cancer surgery. How-
ever, this statement lacks robustness as only two trials were included in
the analysis and one of them suffered from performance and attrition
biases [41]. The hypothesis that regional anaesthesia reduces chronic
pain after breast surgery is a field of research that requires further ex-
ploration.

The reduction of length of stay with a mean difference of 1.6 days in
the PECS group is difficult to interpret for three reasons. First, only two

trials reported this outcome [24,34]. Secondly, the mean lengths of stay
were 3.5 [24] days and 14.5 [34] days in patients who did not receive
the block. This is not in keeping with standard clinical practice where
breast surgery is often performed on an ambulatory basis [37]. Finally,
hospital length of stay is influenced by multiple factors and not by the
quality of analgesia alone.

With almost doubling the number of articles included, a focus on
PECS blocks versus control and not on different comparators, inclusion
of all approaches and not only PECS 2, robustness of the results con-
firmed by a trial sequential analysis, an assessment of the quality of
evidence and the role of PECS blocks in the setting of multimodal an-
algesia, we believe this study provides significant benefit to the litera-
ture, over and above previously published meta-analyses [5,6].

This study has limitations. Despite our attempt to group trials ac-
cording to the type of surgery, medication used for anaesthetic main-
tenance, regional technique or prescription of a multimodal analgesic
treatment, the coefficient of heterogeneity remained high, reflecting the
heterogeneity in surgical and anaesthetic practices in the different
centers. The level to which this heterogeneity affects the gen-
eralisability of our conclusion is uncertain, however, the consistent
effect across all subgroups considered suggests a reliable clinical im-
pact. We did not specify subgroup analyses on PROSPERO registration,
and findings from the subgroup analyses should thus be considered with
caution. In addition, we were unable to draw any robust conclusion
regarding the impact of PECS blocks on hospital resources-related
outcomes. We suggest that this represents an opportune area for addi-
tional trials with consistent methodology to explore these economic
outcomes. Finally, we pooled results of different approaches to the
PECS block, which might have contributed to the high heterogeneity

Fig. 3. Trial sequential analysis of rest pain scores at 2 postoperative hours. The cumulative Z-curve (blue) crosses the monitoring boundary curve (red) before
reaching the required information size. The data is suggestive of superior pain reduction at 2 postoperative hours with PECS blocks. (For interpretation of the
references to colour in this figure legend, the reader is referred to the web version of this article.)
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reported. However, this simply reinforces the relevance of fascial plane
blocks in the management of these patients.

In conclusion, there is moderate-to-high evidence that PECS blocks
provide modest short-term postoperative analgesia after breast surgery
when compared with no regional technique. This could provide the
most benefit to those at high-risk of moderate-to-severe postoperative
pain.

Supplementary data to this article can be found online at https://
doi.org/10.1016/j.jclinane.2020.109744.
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