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Abstract

Background: Effective analgesia is the mainstay of the management of traumatic rib fractures. Serratus anterior
block is a newer regional anaesthesia technique used in traumatic rib fractures which may have a favourable safety
profile compared to other regional techniques. There is currently alack of evidence for serratus anterior block and its
role in the improvement of mortality, pain, duration of stay and pulmonary complications in patients with traumatic
rib fractures in comparison to other regional anaesthesia techniques.

Methods: Web of Science and PubMed were searched from inception until April 2022 for studies reporting on the
use of a serratus anterior block compared to another therapy for the management of traumatic rib fractures. Primary
outcomes were measures of analgesic efficacy. Secondary outcomes were the incidence of intervention related
adverse events, hospital length of stay, intensive care unitlength of stay and mortality.

Results: Seven studies with 649 patients were included. No significant difference was found between serratus
anterior block and intravenous opiates in terms of resting pain scores and achievement of mild or no pain after the
chosen intervention(p>0.05). There was a statistically, but not clinically significant difference post block pain scores
compared to other regional techniques (WMD= 0.63; 95% CI= 0.45 to 0.80; p< 0.00001). Significant differences
were found in favour of blocks, specifically thoracic epidural and paravertebral blocks over serratus anterior block in
terms of achieving mild or no pain after the block (OR=0.54; 95% CI=0.32 to 0.90; 2= 0%; p=0.02). No significant
difference was found for any other outcomes.

Conclusions: Current literature comparing the serratus anterior block to alternative analgesic options is limited by
the end points assessing block success. No data was available assessing the effect on pain during deep inspiration and
coughing. This meta-analysis demonstrated similar analgesic efficacy to other regional anaesthesia techniques buta
lower incidence of mild or no pain post block compared to traditional epidural or paravertebral techniques. Future
studies need to be directed towards important outcomes such as dynamic pain scores and respiratory complication
rates.
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Introduction leads to low mobility, poor physiotherapy participation,

Traumatic rib fractures (TRF) are common with a high
risk of short- and long-term complications, especially in
the elderly [ 1-4]. The baseline mortality rate is 10% fora
patient admitted to hospital with rib fractures and up to
40% if the number of ribs fractured is greater than six [ 1].
Provision of effective analgesia is part of the mainstay of
TRF management [S]. Ineffective analgesia in TRF

inability to cough effectively, decreased secretion
clearance and insufficient tidal volumes [5]. These
factors contribute to development of acute respiratory
distress syndrome (ARDS), chest infections, atelectasis,
pulmonary embolism and overall increased morbidity
and mortality [S]. Provision of effective analgesia using
ultrasound-guided regional anaesthesia improves
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analgesic and non-analgesic outcomes, including improved
inspiratoryreserve volume and lower mortality rates [6,7].
Serratus anterior block (SAB) is a newer regional anaesthesia
technique used in TRF. SAB can be utilised for patients with
coagulopathy, is easy to perform and can be used for catheter
insertion for continuous local anaesthetic infusion [4]. Case
series suggested SAB as a part of multimodal analgesia
reduces opioid use, which has known adverse effects
including respiratory depression, sedation, constipation,
hyperalgesia, and physical dependence [8-10]. However,
thereisalack of evidence for SAB and its role inimprovement
of mortality, pain, hospital length of stay (LOS) and
pulmonary complications in patients with TRF in
comparison to otherregional anaesthesia techniques [4].
This review aims to assess the effectiveness and safety of the
SAB to other analgesic techniques for reduction of incidence
of mild pain, pain score at rest, oral morphine consumption,
adverse events, length of stay and mortality rates in patients
with TRF within 1 week after date ofinjury.

Methods

SearchMethodology / Search Strategy

A systematic search of Web of Science and PubMed was
performed using the search terms (1) “Rib Fractures’ AND
‘Serratus Anterior’ OR ‘Serratus Plane’ (2) ‘Chest Trauma’
AND ‘Serratus Anterior’ OR ‘Serratus Plane’. This search was
performed from inception until April 2022. The reference
lists and citations to eligible studies from the initial database
search were then assessed to detect any additional studies for
inclusion. A manual search of google scholar was also
performed using the citations and reference lists of included
studies. This systematic search was performed by two
independentassessors.

Research question

Population: Patients with rib fractures

Intervention: SAB

Control: non-SAB anaesthesia techniques

Outcomes: The primary outcomes of interest were measures
of analgesic efficacy. Thisincluded the (1) incidence of mild
orno pain postintervention (2) numerical pain scores (0-10)
post intervention (3) Time to rescue analgesia post
intervention. The secondary outcomes of interest included
the incidence of intervention related adverse events, hospital
length of stay, intensive care unit (ICU) length of stay and
mortality.

Study Inclusion and Exclusion Criteria / Eligibility
Criteria
Eligible studies were required to report on the use of a

serratus anterior block compared to another therapy for the
management of rib fractures. Any comparative study design
was eligible for inclusion. Exclusion criteria included case
studies, non-comparative cohort studies, animal studies and
preclinical anatomical studies. Two reviewers independently
assessed studies for inclusion.

Risk of Bias and Methodological Quality Assessment
Risk of bias for randomised controlled trials were assessed
using the Cochrane Collaboration’s tool for assessing risk of
bias [11]. Non- randomised trials were assessed using the
Risk of Bias in Non-randomised Studies-of Interventions
(ROBINS-I) tool [12]. Studies were deemed to be of high
quality if they were low risk in all domains of the risk of bias
assessment.

Data extraction

Two review authors independently extracted data and
resolved any discrepancy with a third reviewer. We entered
data into an excel spreadsheet. This included the following
information:

o General information of studies: authors, demographics of
included subjects, study outcomes, study contexts

« Risk of bias assessments

« Study eligibility

« Outcomesaslisted in the first section under “Methods”
Dealing with duplicate publications: When we yielded more
than one publication of a study, we used the Endnote
software to assist in identifying, comparing and removing
duplicates.

Datasynthesis - Statistical analysis

Statistical analysis was performed using the Cochrane
Collaboration’s RevMan 5.4 software (The Nordic Centre,
Copenhagen, Denmark). Data was analysed in two
subgroups. Serratus anterior block versus opioid therapy, or
serratus anterior block versus other regional anaesthesia
techniques. Dichotomous and continuous outcomes were
analysed using random effects modelling and a p value of less
than 0.05 was statistically significant. Dichotomous datawas
presented as oddsratios (OR) with a95% confidence interval
(95% CI). Continuous outcomes were presented as weighted
mean difference (WMD) with 95% CI. The 12 statistic was
used to assess heterogeneity. An 12 of greater than 50% was
deemed to be significant.

Results/Findings

The initial database search yielded 95 publications after
removal of duplicates (Figure 1). On abstract assessment 83
studies were excluded. A further five studies were excluded
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on full-text assessment. Seven studies with 649 patients were
included in the present meta-analysis (Table 1) [13-19]. Of
these, there were three randomised controlled trials (RCTs)
(n=150) [13, 18, 19] and four non-randomised studies
(n=499) [14, 15, 16, 17]. None of the included studies met
the criteria of ahigh-quality study (Figure 2).

Primary Outcomes

Incidence of Mild Pain at Rest:

This outcome was reported in four studies [13, 14, 16, 18].
Compared to intravenous opioids, there was no significant
difference in the incidence of mild pain post block or on
initiation of intravenous analgesia (OR=3.13; 95% CI=0.10
to 99.51; 12= 80%; p= 0.52; Figure 3). There was however a
significantly lower odds of achieving mild pain post block
with serratus anterior block compared to either paravertebral
or thoracic epidural (OR= 0.54; 95% CI= 0.32 to 0.90; 12=
0%; p=0.02; Figure 3).

Pain Scores at Rest:

Three studies assessed the effect on resting pain scores [13,
18, 19]. Compared to opioid infusion, there was no
significant difference in resting pain scores (WMD= -1.29;
95%ClI= -2.71 to 0.13; 12= 97%; p= 0.07). One study
comparing serratus anterior block to another regional
anaesthetic technique demonstrated a clinically insignificant
but statistically significant difference in pain scores (WMD=
0.63; 95% CI= 0.45 to 0.80; p<0.00001). Pain scores during
deep breathing or coughing were unable to be assessed.

OralMorphine Equivalent Consumption:

Oral morphine equivalent consumption in the 24 hours post
block or initiation of intravenous opioid therapy was assessed
by four studies[ 16-19]. With significant heterogeneity (12=
100%), there was no significant difference compared to
intravenous opioid therapy (WMD= -67.04 mg; 95% ClI= -
178.75 mg to 44.68 mg; p= 0.24). Similarly, compared to
other regional anaesthesia techniques, there was no
significant difference (WMD= -15.52 mg; 95% Cl= -75.18
mg to 44.14 mg; 12="78%; p=0.61). Additionally, two studies
measure the change in opioid consumption in the 24 hours
post block compared to the 24 hours pre block [15, 17].
There was no significant difference between serratus anterior
block and other regional anaesthetic techniques (WMD= -
9.85mg; 95% Cl=-51.79 mg to 32.09 mg; 12= 57%; p=0.65).

Secondary Outcomes

Adverse events:

Therapyrelated adverse events were assessed by three studies
[13, 17, 19]. Overall, there was no significant difference

(OR=1.01;95% CI=0.03 t029.39; 12= 58%; p=1.00).

Length of stay:

Hospital length of stay was assessed by three studies
comparing serratus anterior block to other regional
anaesthetic techniques [ 14, 15, 17]. There was no significant
difference demonstrated (WMD= 2.85 days; 95% CI=-1.09
daysto 6.79 days; 12="50%; p=0.16)

ICU length of stay was also assessed by three studies
comparing serratus anterior block to other regional
anaesthetic techniques [14, 15, 17]. Similarly, there was no
difference demonstrated (WMD=-0.09 days; 95% CI=-3.51
daysto 3.34 days; 12=87%; p=0.96).

Mortality:

Mortality was assessed by three studies comparing serratus
anterior block to other regional anaesthetic techniques [14,
15, 17]. There was no significant difference between
techniques (OR= 0.91; 95% CI= 0.41 to 2.01; [2= 0%; p=
0.81).

Discussion

This systematic review evaluated the efficacy of the SAB
compared to intravenous opioid therapy and other regional
anaesthesia techniques. Our systematic search identified
seven low quality studies consisting of 649 patients. The
results of this review were heterogenous for most outcome
measures and we were unable to assess the effect on dynamic
pain scores and respiratory complications. No significant
difference was found in the analgesic or non-analgesic
outcomes in patients with TRF when SAB is compared to
intravenous opioids and other regional anaesthesia
techniques. The non-analgesic outcomes include adverse
events, length of stay and mortality rates.

Compared with intravenous opiates, SAB achieved a similar
reduction in resting pain scores and incidence of mild or no
pain intervention. This review is limited by the low quality of
included studies, with heterogeneous results and
heterogeneous study designs. However, each study within
the analysis individually demonstrated SAB to be an effective
opioid sparing technique[13-19]. One consistent result with
low heterogeneity was that SAB has significantly lower odds
of leading to mild or no pain compared to paravertebral
blocks (PVB) or thoracic epidural (TE). However, this needs
to be balanced against the additional risks associated with the
PVB/TE and technical skills required for their safe
administration compared with SAB. SAB has several
advantages over PVB/TE particularly in the unwell trauma
patient with multiple injuries. Owing to these advantages,
SAB has the potential to have widespread uptake by care
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providers from a range of different specialties as has occurred
with other fascial plane blocks. SAB can be performed with
patients in the supine position. This is particularly beneficial
in trauma patients as other concurrent injuries may prevent
them from sitting or rolling laterally to perform either
paravertebral block or thoracic epidural. In addition, it is
appropriate for patients who are coagulopathic or who have
associated head injuries or spinal trauma where epidural and
paravertebral blocks are contraindicated. The use of
PVB/TEis also complicated in sedated or obtunded patients
asitlimits the ability to identify early neurological sequelae of
PVB/TE. Pooled analysis in this study did not identify any
significant difference in therapy-related adverse outcomes
between the different regional anaesthesia techniques.
However, it is important to note that the providers delivering
these different regional techniqueslikely do not represent the
skill set of the average care provider and that higher rates of
complications with novice operators could be expected. Safe
provision of TE relies on the service having familiarity with
the monitoring and observations required to allow for early
detection of complications.

A major limitation of the meta-analysis was that there was
insufficient RCTs included. Including observational studies
is known to have low internal validity and could bias the
summary effect of a meta-analysis [20]. However, due to the
limited number of RCTs, the decision was made to include
non-RCTs to summarize the current available evidence as
muchaspossible.

Anotherlimitation was that the measures of analgesic efficacy
utilised in the included studies lacked clinical relevance. Pain
scores at rest were measured in most trials but not pain during
deep breathing, coughing or movement. Studies also focused
on achieving mild or no pain post-intervention at rest.
However, the clinical significance of these measures is
questionable as rib fractures tend to cause little pain at rest
with shallow breathing[ 1,2]. The lack of clinically significant
difference of pain scores at rest seen between the different
interventions is therefore not unexpected. A more clinically
important measure is pain scores during activities such as
deep breathing, coughing and mobilising. Pain during these
movements is likely to increase time spent in bed and reduce
ability to participate in physiotherapy and other measures
that reduce TRF related complications including
pneumonia. Future randomised prospective clinical trials
should incorporate such measures in their protocols to
increase the clinical utility of their results.

Previously it has been proposed that SAB use as part of multi-
modal analgesia in TRF is opiate sparing when compared to
intravenous opiates alone. Opiate sparing analgesia has
theoretical advantages as the use of opiate analgesia is

associated with adverse effects including respiratory
depression, sedation, constipation, hyperalgesia and physical
dependence [8-10]. Each study alone showed a significant
reduction in opioid use with SAB combined multimodal
analgesia compared with intravenous opiates alone.
However, when pooled analysis was performed the
difference in opiate use between the groups was no longer
significant. This may be in part due to a range of different
opioid agents being used in each study. Future large
prospective randomised trials are needed that standardise the
intravenous opiate arm to a single agent to ensure that the
differences are not partially accounted for by opiate selection.
Furthermore, a study that is sufficiently powered to draw
conclusions about the relative opiate sparing of SAB
compared with PVB/TE would help to further guide
clinicians on the best choice of analgesia for TRF.

Several of the trials included in the review performed tests of
respiratory function pre and post provision of regional
anaesthesia. Unfortunately, there was significant variation
between each study’s chosen measures of respiratory
function. These included but were not limited to peak flow,
performance on measures, incentive spirometry and formal
spirometry. Within the individual studies, SAB was reported
to improve respiratory function to a similar extent to other
regional anaesthesia techniques. It was not possible to pool
these measures for meta-analysis as the different methods for
measuring improvement of respiratory function could not be
transformed into a single reliable measure. Similarly, there
was no significant difference found in ICU LOS or hospital
LOS when SAB was compared to other regional anaesthesia
techniques. As discussed earlier, these results are likely the
function of similar analgesia outcomes between the different
regional anaesthesia techniques.

These results showed that SAB could be an alternative to
other regional anaesthesia techniques, especially given the
advantages of SAB including being easy to perform, can be
used in coagulopathy and reduction of opioid use. SAB was
reported to be associated with lower odds of achieving mild
painwhen compared to TE and PVB [ 14 ], however pain with
activity may be better with TE or PVB, as further inferiority
of the analgesic effect of SAB may be masked by the method
used to measure pain scores in these studies. The current
evidence does not support the use of SAB over opioid
therapy alone. SAB may also offer the same respiratory
benefits, which is the key to preventing pneumonia and
respiratory failure. The regional anaesthesia technique to use
likely depends on the location of rib fractures, types of rib
fractures, confidence of the practitioner and patient factors.
The findings of this review have the potential to impact
clinical practice, as the results improve the process of
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weighing benefits and risks associated with SAB and other analgesic techniques when providing care for patients with TRF,
although it is acknowledged that the information gaps mentioned above will be better addressed with further high-quality
research studies.

Conclusion

Current literature comparing the serratus anterior block to alternative analgesic options is limited by the end points assessing
block success. No data was available assessing the effect on pain during deep inspiration and coughing. This meta-analysis
demonstrated similar analgesic efficacy to other regional anaesthesia techniques but a lower incidence of mild or no pain post
block compared to traditional epidural or paravertebral techniques. Future studies need to be directed towards important

outcomessuch as dynamic pain scores and respiratory complication rates.
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