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Abstract

Purpose of Review This article aims to review the anatomy and ultrasound techniques of common interfascial plane blocks
used for cardiac surgeries along with the current available evidence for regional analgesia.

Recent Findings Thoracic erector spinae plane block (ESPB) has a beneficial role in studies when compared with intravenous
pain medications or control groups without blocks for cardiac surgeries. Some retrospective studies showed variable analgesic
benefits with ESPB, and a recent meta-analysis did not show promising benefits over thoracic epidural analgesia. Serratus
anterior plane block (SAPB) is beneficial with minithoractomy incisions for minimally invasive cardiac surgeries, while para
sternal blocks (PSB) or parasternal intercostal plane (PIP) blocks are useful for sternotomy incisions. Pectolaris nerve blocks
(PECS) have also been used for various cardiac surgeries with a promising role in cardiac pacemaker and ICD surgeries.
Summary There is an increasing trend in the usage of fascial plane blocks for cardiac surgeries. Most can be used as com-
ponents of multimodal analgesia and play a key role in enhanced recovery after cardiac surgery (ERACS) programs. The
choice of these fascial plane blocks as opioid-sparing regional analgesia techniques depends on the incision and type of
cardiac surgery. A combination of various fascial plane blocks can be used to increase the efficacy of these blocks, but cau-
tion should be exercised in limiting the total quantity of the local anesthetic administered.

Keywords Fascial plane blocks - Regional anesthesia - Ultrasound-guided regional anesthesia - Cardiac surgery -
Sternotomy - Acute pain management

Introduction

Enhanced recovery after surgery (ERAS) programs are
being implemented in almost all specialties of surgery,
with cardiac surgery being no exception. One of the major
components of ERAS protocols is pain control using mul-
timodal “opioid-sparing” analgesic regimens. However, the
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implementation of multimodal protocols in cardiac surgery
patients is challenging due to complex comorbidity profiles,
anticoagulation status, and the risk of acute kidney injury,
to name a few [1, 2]. Traditionally, anesthetic management
relied on high-dose opioid-based regimens for pain control
and the cardioprotective effect of opioids, leading to their
widespread use. In the current era of the opioid epidemic,
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we are looking for alternative strategies to reduce the perio-
perative use of opioids, which include promoting the use
of non-opioid agents, including acetaminophen, gabapen-
tin, ketamine, magnesium, and intravenous lidocaine, and
incorporating nonopioid measures, such as regional anesthe-
sia [3]. Historically, thoracic epidural analgesia (TEA) and
paravertebral blocks (PVBs) were the most used regional
techniques for postoperative pain management, but the
increased risk of epidural hematomas caused by systemic
heparinization, hemodynamic instability due to sympathetic
blockade, technical difficulty, and challenges with postopera-
tive pain management with neuraxial blocks has constrained
the usage of TEA and PVBs in the cardiac surgical patient
population [4-6]. This has led to the research and develop-
ment of various newer regional analgesic techniques, includ-
ing ultrasound-guided fascial plane blocks. In this review,

we discuss several thoracic anterior, lateral, and posterior
interfascial plane blocks that can be used in the perioperative
pain management of patients undergoing cardiac surgery.

Thoracic Erector Spinae Plane Block

Erector spinae plane block (ESPB) was first introduced
in 2016 for the treatment of thoracic neuropathic pain by
Forero et al. Since the inception of ESPB, it has gained pop-
ularity with the success of its use in the pain management of
patients with rib fractures, postsurgical pain in breast sur-
gery, thoracic surgery, and is recently being used in cardiac
surgery patients. The thoracic erector spinae plane block
(ESPB) provides analgesia from the posterior midline to
the posterior axillary line in the craniocaudal direction by

Fig. 1 Erector spinae plane block (ESPB) probe position
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blocking the dorsal ramus of the spinal nerve as it traverses
over the transverse process. Some studies report that the
spread of local anesthetic to the paravertebral space also
blocks the ventral ramus and sympathetic ganglia, providing
analgesia, which remains controversial. Its usage has gained
popularity due to issues with the placements of neuraxial
blocks in these cardiac surgical patients due to anticoagula-
tion. ESPB is considered a superficial fascial plane block
that can be safely administered using ultrasound guidance
in these high-risk patients.

The ESPB is performed with the patient in prone, lat-
eral, or sitting position. The probe is placed in a parasagit-
tal orientation over the selected transverse process (Fig. 1).
The needle is then advanced in a caudal or cranial direction
towards the corner of the transverse process, below the erec-
tor spinae muscle group. After confirming with hydro dis-
section that the needle is in the correct fascial plane, local
anesthetic is injected below the erector spinae muscle group

7’
7’
7 LA

above the transverse process (Fig. 2 and Video 1). In the
adult thoracic spine, 20-30 mL of dilute local anesthetic
spreads approximately 4 levels above and 4 levels below the
site of injection. For midline incision, bilateral ESPBs need
to be performed, and catheters can be placed for prolonged
postoperative analgesia.

Nagaraja et al. [7] conducted a prospective randomized
controlled trial (RCT) including 50 patients undergoing elec-
tive cardiac surgeries and compared continuous thoracic epi-
dural analgesia (TEA) with bilateral ESPB with catheters.
They showed that the visual analog scale (VAS) pain scores
were comparable in the two groups up until 12 h postextu-
bation (P> 0.05), and VAS pain scores at rest and during
cough were better in the ESPB catheter group at 24-h, 36-h,
and 48-h marks (P <0.05). There was no difference in the
total intraoperative fentanyl usage, postoperative incentive
spirometry numbers, rescue analgesic requirement, ven-
tilator duration, or length of ICU stay in either group. In

,’Needle path

Pleura

Fig.2 ESPB sonoanatomy. TM trapezius muscle, RM rhomboid muscle, ES erector spinae, TP transverse process, LA local anesthetic
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another well-designed, single-blinded prospective RCT in
106 elective cardiac surgical patients undergoing coronary
artery bypass graft, mitral valve replacement, or atrial sep-
tal defect, Krishna et al. [8¢] compared ultrasound-guided
bilateral ESPB with intravenous (IV) pain medications. The
primary outcome measure of pain scores evaluated using
the 11-point numeric rating scale postextubation up to 12 h
was far better in the ESPB group than in the IV pain medi-
cation group (P=0.0001). In addition, ESPB patients had
used fewer rescue analgesics (P =0.0001), less total opioid
(P=0.0001) and were extubated at a significantly earlier
time (63.09 + 1.30 min to 102.62 4+ 1.30 min). Macaire et al.
[9], in a patient-matched controlled before and after trial
with continuous ESPB, also reported a significant decrease
in opioid usage in the first 48 h following surgery (40 mg
in the control group to 0 mg in the ESPB catheter group
with a P<0.001) and decrease in time to first mobilization
post-extubation (median time of 2 h vs 3.5 h with P <0.05).
Gaweda et al. [10] conducted a prospective double-
blinded RCT to study the effect of the addition of pecto-
ralis nerve (PECS) blocks to ESPB in patients undergoing
minithoracotomy for mitral or tricuspid valve repair. Patients
in the PECS + ESPB group used less oxycodone than the
individuals in the ESPB group [median 12 (interquartile
range (IQR): 6-16) mg vs 20 (IQR: 18-19) mg P=0.0004].
Secondary outcomes of pain intensity assessed by VAS
scores were appreciably lower, and patient satisfaction
(P=0.0007) was greater in the PECS +ESPB group.

Cephalad

Fig.3 Serratus anterior plane block (SAPB) probe position
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Despite multiple recent studies showing the benefit of
ESPB over no regional anesthetic in off-pump [11] and
on-pump [12] cardiac surgeries, King et al. [13ee], in their
meta-analysis of five studies, reported that ESPB did not
significantly impact postoperative pain scores, intraopera-
tive opioid usage, time-to-extubation, or ICU length of stay
(LOS). There are several retrospective studies that have
reported limited benefits of ESPB for cardiac surgeries.
Zhou et al. [14ee], in their meta-analysis of 65 RCTs, con-
cluded that TEA seems to be the most effective postoperative
regional anesthesia for patients undergoing cardiac surgery.
Further high-quality RCTs are needed to study the impact
of ESPB in cardiac surgery patients.

Serratus Anterior Plane Blocks: Superficial
and Deep Approaches

Serratus anterior plane block (SAPB) provides analgesia to
the anterolateral chest wall by blocking the lateral cutane-
ous branches of the T2 to T9 intercostal nerves, the inter-
costobrachial nerve, and the thoracodorsal nerve. The long
thoracic nerve is also blocked with the superficial approach.
SAPB is being used for postoperative pain management fol-
lowing breast surgery, rib fractures, and thoracotomy.

The block is performed with the patient supine or lateral
with the arm abducted. A linear probe is placed in the mid-
axillary line at the T4 level (Fig. 3). In this position, ribs 5
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Fig.4 Superficial SAPB sonoanatomy
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Fig.5 Deep SAPB sonoanatomy

and 6 are visualized, and the serratus muscle is seen imme-
diately above the ribs. The wedge-shaped latissimus dorsi
muscle lies above the serratus muscle, and the thoracodorsal
artery can be seen in the fascial plane between the latissi-
mus dorsi and serratus anterior muscles. With the superficial
approach, local anesthetic is injected in an anterior to poste-
rior direction in the fascial plane between the serratus ante-
rior and latissimus dorsi muscles (Fig. 4 and Video 2). With
the deep approach, local anesthetic is injected in an anterior
to posterior direction between the serratus anterior muscle
and the rib (Fig. 5 and Video 3). The plane between the ser-
ratus anterior muscle and the rib may be easier to visualize
in patients with challenging anatomy. The deep approach
spares the long thoracic nerve. In total, approximately 20
to 40 mL of dilute local anesthetic is injected while being
mindful of the maximum dosage of local anesthetic that each
patient can safely receive. Hydrodissection with saline is
advised when performing this block so that local anesthetic
is spared from intramuscular injection when confirming that
the block needle is in the correct fascial plane.

Fig.6 Superficial parasternal intercostal plane (PIP) block probe position
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Fig.7 Superficial parasternal intercostal plane (PIP) block sonoanat-
omy

Berthoud et al. [15] extended the application of SAPB
for pain management in minimally invasive heart surgery
(MIHS) patients. In a retrospective study, they compared
the use of SAPB with a continuous wound infiltration
(CWI) catheter inserted into the subcutaneous space at
the site of the surgical incision. The primary outcome of
total morphine consumption during the first 48 h after sur-
gery was markedly lower in the SAPB group than in the
CWI group [median 21 vs 11 mg (P <0.01)]. Moreover,
the VAS scores in the first 6 h post extubation (P <0.01)
and the length of stay in the ICU (median 41 vs 24 h,
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Fig.8 Deep parasternal intercostal plane (PIP) block sonoanatomy
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Fig.9 Deep parasternal intercostal plane (PIP) block probe position

P=0.03) and the hospital (median 8 vs 6 days, P=0.03)
were also strikingly lower in the SAPB group, proving
its superiority over CWI. Contrary to Berthould et al.’s
results, Moll et al. [16] reported no benefit of SAPB when
compared with no block and increased opioid consump-
tion when compared with paravertebral block (PVB) in
patients undergoing robotic CABG. In another prospective
cohort study, Toscano et al. [17] compared the utiliza-
tion of continuous deep SAPB for mitral valve surgery
via a right mini-thoracotomy approach in 63 patients to
conventional IV morphine use. They found that patients
in the SAPB group had lower pain scores on the numeric
rating scale (NRS) at 48 h (mean 1.77 [95% CI 0.99-2.54]
vs 3.23 [95% CI 2.13-4.33] P=0.03), and the total mor-
phine consumption (mean 2.22 [95% CI 0.99-3.44 mg]
vs 12.98 [95% CI 10.90-15.05 mg] P <0.001) was strik-
ingly lower in comparison to the control group. Although
the pain scores at 24 h were lower in the SAPB group
(mean 2.15 [95% confidence interval (CI) 1.22-3.09] vs
3.23[95% C12.28-4.29] P=0.07), they did not reach sta-
tistical significance. No differences were noted between
the study groups in terms of the sedation evaluated by the
Richmond Agitation Sedation Scale, mild adverse effects
(namely, nausea and catheter malpositioning) and duration
of mechanical ventilation, intensive care unit (ICU) stay,
and hospital length of stay. The same group from Italy [18]
further compared the use of continuous SAPB vs ESPB for
minimally invasive mitral valve surgery and showed them
to be equipotent with mild superiority of ESPB in reduc-
ing postoperative NSAID and antiemetic use.
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Parasternal Blocks: PIFB (Superficial)
and TTPB (Deep)

The parasternal block (PSB) provides analgesia to the
medial chest by blocking the T2 to T6 anterior cutane-
ous branches located directly adjacent to the sternum.
These branches travel deep into the internal intercostal
muscle above the transversus thoracic muscle, and then
pierce through the internal intercostal muscle and the pec-
toralis major muscle just lateral to the sternum. Most of
these interfascial plane blocks are now standardized with
new nomenclature to avoid confusion with these different
blocks and to enable more uniformity with description for
all future studies [19e].

The superficial approach to the PSB, previously named
the pecto-intercostal fascial block (PIFB), now named the
superficial parasternal intercostal plane (PIP) block, con-
sists of injecting local anesthetic in the fascial plane between
the internal intercostal and the pectoralis major muscles. A
linear probe is placed in sagittal orientation over the ster-
num and then moved laterally until the costal cartilages are
identified (Fig. 6). The needle is then advanced in-plane in
a caudal or cranial direction through the pectoralis major
muscle. After confirming that the needle is in the correct fas-
cial plane with hydrodissection between the pectoralis major
and internal intercostal muscles, local anesthetic is injected
(Fig. 7 and Video 4). The pectoralis major muscle lifts off
the costal cartilages with injection of local anesthetic. For
superficial parasternal single-shot blocks on adult patients,
two equidistant injections of 10 mL dilute local anesthetic
are placed on each side of the sternum. For superficial par-
asternal catheters, a bolus injection of 20 mL on each side
of the sternum is sufficient.

The deep approach to the PSB, previously named the
transversus thoracis plane block (TTPB), now named the
deep parasternal intercostal plane (PIP) block, consists of
injecting local anesthetic in the fascial plane between the
transversus thoracic and the internal intercostal muscles
(Fig. 8 and Video 5). The transversus thoracic muscle is very
small, and all that may be visualized below the internal inter-
costal muscle is the pleura and mammary vessels. To ensure
that the mammary vessels are clearly visualized in the short
axis, the probe is placed in a transverse orientation next to
the sternum (Fig. 9). The internal mammary vessels and the
anterior intercostal nerve traverse in the same fascial plane
targeted for TTPB; therefore, great care should be taken to
identify the vessels, especially the laterally lying vein, using
ultrasound imaging while performing the block [20]. The
needle is then advanced in a lateral to medial direction below
the internal intercostal muscle using careful hydrodissec-
tion to avoid the pleura and mammary vessels. The pleura

is displaced with an injection below the internal intercostal
muscle. The fascial plane of the deep parasternal approach
is more compliant than that of the superficial approach, and
a single injection of 15-20 mL of dilute local anesthetic on
either side of the sternum is sufficient for adult patients.

PIFB use for post sternotomy pain in a patient who under-
went coronary artery bypass grafting with internal thoracic
artery dissection was first reported by Liu et al. [21]. In the
following few years, a few RCTs were conducted to learn the
efficacy and safety of PIFB in a cardiac surgical patient pop-
ulation. Kumar and colleagues [22e¢], in a well-structured,
single-blinded RCT, have demonstrated that bilateral PIFB
reduces postoperative pain scores and rescue opioid use in
patients undergoing CABG and valvular surgery. Khera et al.
[23] orchestrated a quadruple-blinded, placebo-controlled
RCT looking at bilateral PIFB use at 2 time points, on post-
operative day (POD) 0 immediately after cardiac surgery
and on POD 1. Although the cumulative opioid consump-
tion was lower in the intervention group than in the placebo
group, it did not reach statistical significance [49.1 +22.4
mg vs 49.1 +26.9 mg; P=0.14]. Self-reported pain scores
were remarkably lower in the bupivacaine group (4.8 +2.7
vs 5.1+2.6; P<0.001), but other secondary outcomes of the
length of ICU stay, hospital stay, and incidence of in-hos-
pital postoperative delirium were comparable between both
groups. In the same manner, a recent RCT by Zhang et al.
[24] comparing continuous PIFB to sham block and a pro-
spective study by Pascarella et al. [25] comparing superficial
PSB to no block have proclaimed decreased pain scores,
intraop, postop opioid use, and a reduction in intraop opioid
consumption, respectively. To improve the efficacy of fascial
plane blocks, anesthesiologists are moving toward combi-
nation blocks. Dost et al. [26] compared ESPB combined
with superficial PSB and ESPB alone to show the superior-
ity of the combination block at improving pain scores and
reducing rescue analgesic use. Analogously, Wang et al. [27]
combined PIFB with rectus sheath block to show reduced
postop opioid consumption until 48 h when compared with
PIFB alone.

Aydin et al. [28] were the first to mastermind a prospec-
tive double-blinded, placebo-controlled RCT to study the
efficacy of TTPB in a cardiac surgical patient population
after a pilot study by Fujii et al. [29]. In this feasibility study,
Fujii et al. reported no adverse events up to 48 h of follow-
up, and the data advocating the TTPB group experienced
lower pain scores at the 12-h mark without any significant
difference in the 24-h hydromorphone usage. Aydin et al.
[28] showed that the 24-h fentanyl consumption was sig-
nificantly lower in the bupivacaine group than in the pla-
cebo group [median 255 mcg (IQR 235-305) vs 465 mcg
(415-585), respectively; P <0.001]. Moreover, there were

@ Springer



70

Current Anesthesiology Reports (2024) 14:63-74

Fig. 10 Interpectoral plane block (PECS I) probe position

substantial differences in the time of first rescue analgesic
requirement (P <0.001), VAS scores (P <0.05), and post-
operative nausea (P=0.04) favoring the bupivacaine group
[28]. In a similarly designed RCT, Zhang et al. [30] stud-
ied the efficacy of TTPB in 100 pediatric patients under-
going cardiac surgery. They also documented a decrease
in pain scores measured by the modified objective pain
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Fig. 11 Interpectoral plane block (PECS I) sonoanatomy
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score (MOPS) in the first 24 h after surgery and a signifi-
cant decrease in intraoperative and postoperative fentanyl
requirements (P <0.01), time to extubation, duration of ICU
stay, and hospital stay (P <0.01) in the ropivacaine group.
Interestingly, Kaya et al. [31ee] compared PIFB and TTPB
and proved that both are equally effective in managing acute
poststernotomy pain.

Cephalad

Seffatusanteriorm.
-

-

-

Intercostal m.

Intem%

-

——

Pleura
-

Fig. 12 Pectoserratus plane block (PECS II) sonoanatomy
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Pectoralis Nerve (PECS) Blocks
PECS I: Interpectoral Plane Block

The interpectoral plane (IPP) block, formerly named the
PECS I block, is an injection of local anesthetic between the
pectoralis major and minor muscles. This results in analgesia
of the medial and lateral pectoral nerves.

To perform the interpectoral block, the arm is abducted
90°, and a linear probe is placed on the anterior chest wall in
a sagittal orientation just medial to the coracoid process. The
brachial plexus is first visualized at the infraclavicular level.
The probe is tilted medially, bringing the second rib into
view. Next, the probe is moved inferior and posterolateral
to the level of the third rib (Fig. 10). The pectoralis major
and minor muscles are visualized as well as a branch of
the thoracoacromial artery between the pectoralis muscles.
The needle is advanced in an anteromedial to posterolateral
direction using hydrodissection to confirm the fascial plane
between the pectoralis major and minor muscles. In adults,
10 mL of local anesthetic is injected to complete the inter-
pectoral block (Fig. 11 and Video 6).

PECS IlI: Pectoserratus Plane Block

The pectoserratus plane (PSP) block, formerly named PECS
II block, is an injection of local anesthetic between the pec-
toralis minor and serratus anterior muscles. This results in
analgesia of the lateral cutaneous branches of T2 to T6.
Continuing the probe position for the interpectoral block,
the probe is translated further inferior and posterolateral to
the level of the fourth rib. Here, we visualized the serratus
anterior muscle over the fourth and fifth ribs and the pectora-
lis muscles overlying the serratus anterior muscle. The nee-
dle is advanced in an anteromedial to posterolateral direction
using hydrodissection to confirm the fascial plane between
the serratus anterior and pectoralis minor muscles. In adults,
20 mL of local anesthetic is injected into this fascial plane,
completing the pectoserratus block (Fig. 12 and Video 7).
Dr. Blanco [32] was the first to describe the use of PECS
block for analgesia after breast surgery. There have been
several metanalyses performed since then proving the supe-
riority of PECS block over conventional systemic analgesia
and being equivalent in efficacy to other regional anesthetic
techniques, such as PVB, but mostly in patients undergo-
ing breast surgery [33, 34]. Literature on the use of PECS
block in major cardiac surgery is very scarce. Kumar et al.
[35] conducted a single-blinded RCT enrolling 40 patients
undergoing either CABG or valve surgery using midline
sternotomy to compare the analgesic efficacy of bilateral
PECS blocks with conventional intravenous analgesia. They
showed that VAS pain scores at rest and with cough were

significantly lower in the PECS block group up to 18 h post
extubation (P <0.0001), and the duration of mechanical ven-
tilation was also shorter in the block group [108.5 +24.33
vs 206.3 +47.04; P <0.0001]. In a recently published retro-
spective study, Vinzant et al. [36] compared PECS II block
with PVB to show that PECS Il is a highly safe and effective
analgesic option for robotic mitral valve surgery, and that its
efficacy is comparable to that of PVB. As mentioned pre-
viously, in contemporary regional anesthesia practice, the
combination of different fascial plane blocks is becoming
common. Two of the following studies of the combination
of PECS II with SAPB for minimally invasive cardiac sur-
gery revealed contrasting results. Torre et al. [37] studied
78 patients undergoing minithoracotomy and examined the
primary outcome of the critical care pain observation tool
(CPOT) score and opioid consumption. They reported bet-
ter pain control and reduced use of rescue analgesia in the
PECS 11+ SAPB group. In dire contrast, Afirevic et al. [38]
claimed that the combination of PEC II+ SAPB did not
improve postoperative analgesia, cumulative opioid con-
sumption, or respiratory mechanics during the initial 3 days
after robotic mitral valve surgery, despite using liposomal
bupivacaine along with normal bupivacaine.

PECS block has been utilized in the setting of alternative
access transcatheter aortic valve replacement (TAVR). Block
et al. [39] utilized PECS II to perform alternative access
TAVR with subclavian cut down while administering seda-
tion. The PECS technique allowed the avoidance of general
anesthesia to facilitate close monitoring of neurologic sta-
tus following valve deployment. The use of PECS block is
growing and being extrapolated to perioperative analgesic
management of cases such as pacemaker and ICD implan-
tation in children [40, 41]. Arasu et al. [42] broadened the
use of PECS I block in combination with TTPB for CIED
implantation in adults. They affirm the superiority of com-
bination block over PECS I alone.

Conclusions

Systemic anticoagulation has limited the use of traditional
neuraxial blockade in cardiac surgery. The use of novel
interfascial plane blocks such as the erector spinae plane
block (ESPB), serratus anterior plane block (SAPB), par-
asternal intercostal plane (PIP) block, and pectoralis nerve
block (PECS) has increased in the last decade. Fascial plane
blocks play a major role in ERACS programs and can facili-
tate opioid-sparing regional analgesia for cardiac surgeries.
There are numerous fascial plane blocks with the choice of a
particular block based on the type and complexity of cardiac
surgery. These ultrasound-guided fascial plane blocks are
safe and easy to perform while overcoming the limitations
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of neuraxial blocks. Catheters can be placed for these tho-
racic fascial plane blocks to prolong postoperative analgesia
and improve patient satisfaction. A total safe dose of local
anesthetic should be taken into account while performing
bilateral or multiple interfascial plane blocks to prevent local
anesthetic systemic toxicity (LAST).
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