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ABSTRACT

Background Pain from rib fractures is associated

with significant pulmonary morbidity. Epidural and
paravertebral blocks (EPVBs) have been recommended as
part of a multimodal approach to rib fracture pain, but
their utility is often challenging in the trauma intensive
care unit (ICU). The serratus anterior plane block (SAPB)
has potential as an alternative approach for chest wall
analgesia.

Methods This retrospective study compared critically
injured adults sustaining multiple rib fractures who

had SAPB (n=14) to EPVB (n=25). Patients were
matched by age, body mass index, American Society

of Anesthesiology Physical Status, whether the patient
required intubation, number of rib fractures and injury
severity score. Outcome measures included hospital
length of stay, ICU length of stay, preblock and post
block rapid shallow breathing index (RSBI) in intubated
patients, pain scores and morphine equivalent doses
administered 24-hour preblock and post-block in non-
intubated patients, and mortality.

Results There were no demographic differences
between the two groups after matching. Nearly all

of the patients who received either SAPB or EPVB
demonstrated a reduction in RSBI or pain scores. The
preblock RSBI was higher in the serratus anterior plane
block group, but there was no difference between any of
the other outcome measures.

Discussion This retrospective study of our institutional
data suggests no difference in efficacy between the
serratus anterior plane block and neuraxial block for
traumatic rib fracture pain in critically ill patients,

but the sample size was too small to show statistical
equivalence. Serratus anterior plane block is technically
easier to perform with fewer theoretical contraindications
compared with traditional neuraxial block. Further study
with prospective comparative trials is warranted.

Level of evidence Retrospective matched cohort;
Level IV.

BACKGROUND

Inadequately treated chest wall pain in patients with
rib fractures is associated with chest wall splinting
and increased risk of hypoventilation, atelectasis and
pneumonia.' 2 Provision of analgesia in this setting
is challenging. Reliance on opioids is undesirable
due to the potential to exacerbate hypoventilation,
sedation and hyperalgesia. Non-opioid medications
used as part of a multimodal strategy include acet-
aminophen, non-steroidal anti-inflammatory drugs,
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gabapentinoids and ketamine; however, their utility
is limited in the context of multiorgan failure, trau-
matic brain injury, delirium or prolonged periods of
severe pain.

The potential benefit of regional over opioid-
based analgesia for blunt chest wall trauma has
been reported.’™ The Eastern Association for the
Surgery of Trauma conditionally recommends
epidural analgesia and multimodal analgesia for
patients with blunt thoracic trauma, while noting
that paravertebral block may provide equivalent
pain relief to epidural block.® In practice, clinicians
may be reluctant to perform epidural or paraver-
tebral blocks (EPVBs) due to coagulopathy, active
infection, hemodynamic instability, positioning
limitations resulting from other injuries or the pres-
ence of neurologic or spine injuries.” Furthermore,
recognition of EPVB-related complications such as
nerve injury or epidural hematoma is impaired in
sedated and critically ill patients.

The serratus anterior plane block (SAPB) uses
ultrasound guidance to place local anesthetic
into the fascial plane between serratus anterior
and latissimus dorsi muscles, or between serratus
anterior muscle and underlying rib.® Clinical and
MRI studies have documented spread of the injec-
tate resulting in a block of the lateral cutaneous
branch of the intercostal nerves from T2 through
T10 dermatomes. The efficacy of SAPB has been
reported in thoracic and chest wall surgery in breast
surgery and for rib fracture pain.’3

SAPB has been used in our institution since 2016
for analgesia for rib fracture pain. It has grown in
popularity compared with EPVB as it is technically
easier to perform and theoretically safer due to
the anatomical avoidance of major neurovascular
structures. However, there are no studies directly
comparing SAPB to EPVB in critically ill trauma
patients with multiple rib fractures. As a prelimi-
nary step towards designing a prospective trial, we
performed a retrospective assessment of the efficacy
and safety of SAPB placed in critically injured adults
admitted to our hospital with multiple rib fractures
by comparing the analgesic and ventilatory benefit
of SAPB to an individually matched cohort who
received the traditional standard of EPVB.

METHODS

The study design is a retrospective matched
cohort. All patients included were cared for at
Harborview Medical Center (HMC). HMC is
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a regional level one trauma hospital in Seattle, Washington,
with a blunt trauma admission rate of 4000-4500 per year,
including approximately 600 patients with greater than three
rib fractures. Our study population included patients =18
years of age who were cared for in the intensive care unit (ICU)
between 1 April 2017 and 30 September 2017 and received an
SAPB for rib fracture pain.

All patients were cared for in the trauma/surgical ICU and
referred to the acute pain service (APS) in accordance with a local
rib fracture management protocol.'* The pain control portion
of this protocol suggests initial commencement of multimodal
systemic analgesia followed by APS referral if uncontrolled pain
persists or ventilatory parameters have not improved. The deci-
sion to offer regional analgesia for pain control is at the discre-
tion of the attending acute pain physician, based on potential
risks and benefits. Traditionally, EPVB has been offered for treat-
ment of pain related to traumatic rib fractures, but since 2016,
SAPB has also been used when EPVB is contraindicated or tech-
nically infeasible.

A retrospective chart review was performed in order to iden-
tify cases where SAPB was performed for pain due to multiple
rib fractures in the ICU. The terms ‘serratus’, ‘anterior’, ‘block’
and ‘rib fractures’ were searched within our electronic medical
record to identify these patients. Cases were filtered for ICU
admission. Demographics including age, BMI, American Society
of Anesthesiology Physical Status, Injury Severity Score (ISS),
chest Abbreviated Injury Score (AIS), number of rib fractures,
intubation status at time of block, ICU and hospital LOS, and
all-cause mortality were obtained.

After obtaining this dataset, we matched a cohort of 114 crit-
ically ill trauma patients from our existing institutional trauma
registry who had received an epidural for bilateral rib fracture
pain or paravertebral block for unilateral rib fracture pain
between 2014 and 2017. We chose to include both paraverte-
bral and epidural procedures together given the evidence for
similar efficacy and outcomes in this population and in patients
undergoing thoracotomy.” !¢ In order to reduce comparison
heterogeneity as much as possible, patients were individually
matched to our SAPB cohort based first on intubation status,
then followed by the presence of thoracostomy tube, age, chest
AIS, ISS and total number and laterality of rib fractures. At least
one EPVB patient was matched for each SAPB patient and, in
some instances, there were multiple matches for each SAPB
patient. A total of 25 patients receiving EPVB were able to be
appropriately matched.

To evaluate the efficacy of SAPB and EPVB procedures in
non-intubated patients, we compared patients’ self-reported
numerical pain scores (0-10) and opioid use, measured in
morphine equivalent doses of all opioids received in the 24
hours before and after the procedure was performed. For intu-
bated patients, we compared the preprocedure and postpro-
cedure rapid shallow breathing index (RSBI), defined as the
respiratory rate divided by the tidal volume in milliliters. RSBI
is commonly used as a measure of extubation readiness and
an indirect measure of analgesia.'” These parameters were
measured during a spontaneous breathing trial (SBT) per stan-
dard local ICU protocol. In addition, for all patients regardless
of intubation status, we compared hospital and ICU LOS, and
all-cause mortality.

We used Wilcoxon-Mann-Whitney test to compare population
and outcome means for significant differences and Pearson’s >
test for categorical variables. We also used the Two One-Sided
T-Test (TOSTT) to compare means for equivalence between
SAPB and EPVB groups.

=SubcutaneousFissue

Figure 1

Serratus anterior plane block; needle between fascial planes
of the latissimus dorsi and the serratus anterior muscles.

SAPB procedure

SAPBs are performed in our ICU with the patient supine and
ipsilateral shoulder abducted to allow access to the midaxillary
chest wall. An ultrasound machine (M-Turbo, Sonosite, Bothell,
Washington) with a 13—-6 MHz 38 mm linear probe is used to
identify the fourth rib. The probe is then moved laterally toward
the midaxillary line at the fourth rib and adjusted in order to
identify the latissimus dorsi and serratus muscles in short axis
view (figure 1). A 19-gauge 50 mm block needle (Halyard
Health, Alpharetta, Georgia) is introduced using an in-plane
technique. The needle-tip is directed to lie between the serratus
anterior muscle and the underlying rib. Twenty-five milliliters
of 0.2% ropivicaine is injected into the plane under continuous
ultrasound guidance. A catheter is inserted through the needle,
and a continuous infusion of 10 mL per hour of ropivacaine
0.2% is delivered via an infusion pump (CADD-Solis Infusion
System, Smith Medical, Minneapolis, Minnesota, USA).

RESULTS

There was no significant difference in demographic charac-
teristics between SAPB and EPVB populations after matching
(table 1). The SAPB group had higher numerical ISS, but this was
not statistically significant. A total of 14 SAPBs were performed.

Table 1 Patient demographics and injury characteristics comparison
of outcomes for intubated and non-intubated patients
SAPB (n=14) EPVB (n=25) P value*
Patient demographics and injury characteristics
Age 57.9+21.1 57.5+16.4 0.69
BMI 27.0+5.1 29.4+7.1 0.27
ASA 2+0.8 2.3+0.6 0.26
Intubated 9 (64) 15 (60) 0.79
Number of rib fractures 8.0£3.4 7.8+2.6 0.93
Chest AIS 3.6+0.6 3.5+0.6 0.55
Total ISS 36.9+11.2 31.7+126 0.16

Results are presented as mean+SD or n (%) as appropriate.

*Where appropriate, the Wilcoxon-Mann-Whitney test and Pearson's y? test p
value to compare the means between populations was reported; significant p value
<0.05.

AIS, Abbreviated Injury Scale; ASA, American Society of Anesthesiologists Physical
Status; BMI, body mass index; EPVB, epidural or paravertebral block; ISS, Injury
Severity Score; SAPB, serratus anterior plane block.
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Table 2 Comparison of outcomes for intubated patients

SAPB (n=9) EPVB (n=15) P value*
Comparison of outcomes for intubated patients (n=24)
LOS 22.9+10.9 25.2+6.9 0.77
ICU LOS 12.8+9.2 14.4+7.1 0.59
Preblock RSBI 98.1+40.3 64.4+41.2 0.05
Change in RSBI 40.8+33.9 15.8+33.0 0.08
Mortality 2(22) 0(0) 0.06

Results are presented as mean=SD or n (%) as appropriate.

Change in RSBI is expressed as a difference between preblock and postblock RSBI.
*Where appropriate, the Wilcoxon-Mann-Whitney test and Pearson’s y? test p
value to compare the means between populations was reported; significant p value
<0.05.

EPVB, epidural or paravertebral block; ICU, intensive care unit; LOS, length of stay;
RSBI, rapid shallow breathing index; SAPB, serratus anterior plane block.

These patients were matched to 25 patients who received EPVB.
A catheter was left in place for continuous analgesia in 13 of
the 14 SAPB block procedures. One catheter was replaced after
being dislodged intraoperatively but was counted as one demo-
graphic data point in the results.

The outcomes for intubated SAPB and EPVB patients are
shown in table 2. For the nine SAPB blocks performed on intu-
bated patients, eight resulted in a decrease in RSBI after the block.
Three patients were extubated within 6 hours of block place-
ment. The patient who did not experience a decrease in RSBI
continued to fail SBTs due to delirium. There was a significant
difference in pre-RSBI score between the SAPB and EPVB popu-
lations, with the SAPB subgroup having a higher RSBI score. For
the remaining outcome variables, there was no significant differ-
ence between intubated groups. Analysis using TOSTT did not
demonstrate significant equivalence for change in RSBI (delta 30
breaths/min/L) between EPVB and SAPB patients.

The outcomes for non-intubated SAPB and EPVB patients
are shown in table 3. All five SAPB patients had clinically
relevant decreases in their pain after the block. Four had a
decrease in 24-hour MED after the block, with a mean MED
decrease of 34.5 (SD 40.5). The patient who did not have a
decrease in MED was not given any opioids 24 hours before
or after the block for medical reasons. Again, there was no
significant difference in outcomes between SAPB and EPVB
for non-intubated groups. Analysis using TOSTT did not

Table 3 Comparison of outcomes for non-intubated patients

SAPB (n=5) EPVB (n=10) P value*
Comparison of outcomes for non-intubated patients (n=15)
LOS 13.6+5.9 9.40+3.8 0.13
ICU LOS 2.2+1.1 3.9+25 0.16
Preblock pain score 8.0+1.4 7117 0.24
Change in pain score 3.8+1.6 3.2+1.6 0.50
Preblock MED use 85.8+91.0 138.4+89.1 0.18
Change in MED use 34.5+40.5 65.6+24.7 0.10
Mortality 0 (0) 1(10) 0.46

Results are presented as mean+SD or n (%) as appropriate. Pain score is self-
reported by patient. MEDs are calculated as 24-hour use before and after block.
*Where appropriate, the Wilcoxon-Mann-Whitney test and Pearson's 2 test p
value to compare the means between populations was reported; significant p value
<0.05.

EPVB, epidural or paravertebral block; LOS, length of stay; MED, morphine
equivalent dose (mg); SAPB, serratus anterior plane block.

demonstrate significant equivalence for change in numerical
rating of pain (delta 2) or MED (delta 30 mg) between EPVB
and SAPB patients.

DISCUSSION

We observed improvement in pain control, opioid use and
measures of respiratory function that appear to be not signifi-
cantly different to that seen in a matched cohort receiving
EPVB in critically ill trauma patients with multiple rib fractures.
However, tests for equivalence of the primary outcomes (change
in RSBI in intubated and change in MED and pain score in non-
intubated patients) between patients receiving EPVB and SAPB
were not significant, indicating that these preliminary data are
underpowered to detect statistical difference or equivalence.

Importantly, many of the SAPBs were performed in patients
who had relative contraindications to placement of EPVB,
including the presence of spine fractures, an inability to appro-
priately position the patient, a continuing need for anticoagula-
tion or severe critical illness. Unique to this study, the feasibility
of SAPB was demonstrated in intubated as well as non-intubated
patients. No complications from SAPB were noted in any of our
patients.

Patients who received an SAPB in our study had a higher
preblock RSBI, with analgesic efficacy that improved RSBI,
reduced respiratory splinting and even facilitated successful
extubation within hours of the block in some patients. In terms
of technical feasibility, our experience is that SAPB is faster and
easier to perform than EPVB procedures, mainly due to the need
for lateral decubitus positioning for EPVB procedures that can
be difficult in intubated, mechanically ventilated ICU patients.
While more study is needed, given the growing safety profile and
technical ease of fascial plane blocks, they may become a useful
diagnostic tool to assess how pain is contributing to a patient’s
respiratory compromise when considering surgical fixation of
segmental rib fractures.

There are several limitations to this study. It is a small, explor-
atory analysis of retrospective data meant to demonstrate the
potential for SAPB efficacy in an often complex and clinically
challenging patient population; given the small sample size, it
is impossible to recommend SAPB over EPVB without further
study. The optimal technique for performance of SAPB and the
dose of local anesthetic to be recommended for the SAPB is
not known; it has been shown that volume has a bigger influ-
ence than choice of plane.' It is unknown whether continuous
catheter infusions are superior to a single bolus or intermittent
boluses of local anesthetic for rib fracture pain. This is unlikely
to have had a large influence on our analysis as we only examine
data 24 hours after block placement.

The safety and efficacy of SAPB have yet to be directly
compared prospectively with neuraxial or opioid analgesia
alone. The initial data reported here is heterogeneous given the
small sample size and complex nature of traumatic rib fractures
in the ICU but may be used to inform a prospective, randomized
controlled trial with adequate power to compare the SAPB with
neuraxial or multimodal-opioid analgesia alone.

This matched cohort highlights a novel use of a recently
described ultrasound-guided block to provide significant anal-
gesia to ICU patients with multiple rib fractures. It is easier to
perform and theoretically safer than EPVB. If the efficacy of
SAPB is not significantly different to thoracic epidural and para-
vertebral blocks, the risk-benefit profile of performing SAPB
may compare favorably with that of EPVB techniques in this
population.
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