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Abstract: This study tested the hypothesis that pectoralis II (PECS II) + serratus plane blocks would
reduce opioid consumption and improve outcomes compared with standard practice in minimally
invasive cardiac surgery. A retrospective and observational study was realized in the intensive care
unit (ICU) setting of “ICLAS GVM, Istitituto Clinico Ligure Alta Specialità, (Rapallo, Italy)”, including
adult patients who underwent right minithoracotomy for replacement/plastic aortic, mitral and
tricuspid valve or atrial myxoma resection in cardiac surgery. Seventy-eight patients were extracted by
the database and divided into two groups. Group 1 (41 patients) received ultrasound-guided PECS II
+ serratus plane blocks with Ropivacaine 0.25% 10 mL + 20 mL + 30 mL. Group 2 (37 patients) received
intravenous opioids analgesia with morphine 20–25 mg/day or tramadol 200–300 mg/day. The
primary outcomes were: the pain perceived: Critical-Care Pain Observation Tool (CPOT) score; the
opioids consumption: mg morphine or tramadol, or µg sufentanyl administered; and mg paracetamol,
toradol, tramadol or morphine administered as a rescue. The secondary outcomes were the hours of
orotracheal intubation and of stay in ICU, and the number of episodes of nausea, vomiting, delayed
awakening and respiratory depression. Group 1 vs. Group 2 consumed less opioids (Sufentanyl
p < 0.0001; Morphine p < 0.0001), had a lower pain perceived (p = 0.002 at 6 h, p = 0.0088 at 12 h,
p < 0.0001 at 24 h), need for rescue analgesia (p = 0.0005), episodes of nausea and vomiting (p = 0.0237)
and intubation time and ICU stay (p = 0.0147 time of IOT, p < 0.0001 stay in ICU). Ultrasound-guided
PECS II + serratus plane blocks demonstrated better than intravenous opioids analgesia in patients
undergoing minimally invasive cardiac surgery.

Keywords: regional anesthesia; minithoracotomy; cardiac surgery; pain; PECS II block; serratus
plane block; opioids sparing; fascia; ERAS

1. Introduction

Minithoracotomy, in minimally invasive cardiac surgery, is associated with high
postoperative pain [1,2]. For pain management in many surgeries, Enhanced Recovery After
Surgery (ERAS) protocols recommend opioid-sparing, the use of multimodal analgesia
and the use of local analgesia. For example, in liver surgery, they recommend the use of
transversus abdominis plane (TAP) block or paravertebral block [3]; in orthopedic surgery
(in total hip or knee arthroplasty), they recommend the femoral block or the Hunter canal
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block [4]; in colorectal surgery, they recommend peridural analgesia or TAP block [5]; in
thoracic surgery, they recommend the serratus plane block or the peridural analgesia [6]. In
ERAS protocols of cardiac surgery, in the chapter “pain management”, they also recommend
opioid-sparing for their collateral effects (nausea, vomiting, ileus, delayed awakening,
respiratory depression, prolonged time of stay in intensive care unit (ICU), prolonged time
of intubation) and the use of multimodal analgesia (tramadol, acetaminophen and NSAIDs,
dexmedetomidine, etc.) but they do not recommend regional anesthesia/analgesia for the
pain management [7]. There are several regional analgesia options for cardiac surgery pain
management: peridural analgesia, paravertebral block, erector spinae plane (ESP) block,
serratus plane block and PECS II block. These techniques were enhanced by comprehensive
utilization of ultrasound guidance, the latter being cost-effective, readily accessible, reliable
imaging and having multiple advantages [8–13].

PECSII block proved part of a postoperative multimodal strategy in patients undergo-
ing cardiac surgery with sternotomy [8]. Serratus plane block was studied in minimally
invasive heart valve surgery with right thoracotomy and minimally invasive direct coro-
nary artery bypass with left thoracotomy [9]. PECS II block and serratus plane block (SAP
block) are more realizable together because the patient is lying down in a supine position
in an intensive care unit (ICU) bed after cardiac surgery.

In September 2019, the postoperative pain management protocol for patients undergo-
ing minithoracotomy in cardiac surgery changed from routine use of opioids alone to the
use of opioids alone or PECS II + SAP blocks based on the skills of the anesthesiologists.
By taking all data into account, the purpose of the study was to investigate whether the
use of PECS II block + serratus plane block improved the pain perceived, the need for
rescue analgesia, the Critical-Care Pain Observation Tool (CPOT) score, the opioids sparing,
the intubation time, the ICU stay and collateral opioid-related effects (episodes of nausea
and vomiting, delayed awakening, respiratory depression), compared to the intravenous
opioids’ analgesia.

2. Materials and Methods
2.1. Study Design, Population and Data Sources

This is an observational, retrospective, single-center study including adult patients
who underwent right minithoracotomy for replacement/plastic aortic, mitral and tricuspid
valve or atrial myxoma resection in cardiac surgery between November 2019 and March
2020. All data were extracted from “ICLAS, GVM, Istitituto Clinico Ligure, alta specialità,
(Rapallo, Genova, Italy)” database. The study was approved by the appropriate Local Ethics
Committee, and informed consent was obtained from all subjects involved in the study.
Data were collected anonymously using a standardized data collection form. The exclusion
criteria were: patients less than 18 years of age, repeated cardiac surgery, opioid use and
substance abuse. The authors categorized the patients into two groups and changed the
protocol for the patients who underwent minithoracotomy in cardiac surgery, from routine
use of opioids alone to the use of opioids alone or PECS II + SAP blocks, based on the
skills of the anesthesiologist. Patients that received PECS2 block + serratus plane block
with Ropivacaine 0.25% 10 mL + 20 mL + 30 mL were considered for inclusion in group 1,
whereas group 2 included the patients that received intravenous opioids analgesia with
morphine 20–25 mg/day (1.2 mg/h increased or decreased pain perceived) or tramadol
200–300 mg/day.

The data collected consisted of the patient’s sex; age; BMI; height; weight; starting
ejection fraction; type of surgery and drainage position; CPOT score after 30 min, 1 h, 2 h,
6 h, 12 h, 24 h of the start of analgesia (locoregional or intravenous); high CPOT score
rescue analgesia administration; total consumption of sufentanyl, morphine, tramadol,
toradol and paracetamol; number episodes of nausea and vomiting; delayed awakening;
respiratory depression; time of intubation; and time of stay in ICU.
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2.2. Primary and Secondary Outcomes

The primary outcome was the pain perceived assessed using the CPOT score and the
opioids consumption evaluating mg of morphine or tramadol or sufentanyl administered;
the milligrams of paracetamol, toradol, tramadol or morphine administered as rescue were
also assessed.

The secondary outcomes were the hours of orotracheal intubation and the hours of
stay in ICU, the number of episodes of nausea and vomiting, delayed awakening and
respiratory depression.

2.3. Pre- and Intra-Operative Management

Induction and maintaining anesthesia were the same into two groups: midazolam
0.15 mg/kg, sufentanyl 0.6 µg/kg and cisatracurim (0.2 mg/kg) or rocuronium (0.6 mg/kg)
for induction of anesthesia; propofol 4 mg/kg/h and sufentanyl 0.5 µg/kg/h for mainte-
nance. Right minithoracotomy was a 6–8 cm surgical incision between the 2nd and 3rd
intercostal space (in aortic valve surgery) (Figure 1), between the 3rd and 4th intercostal
space (in mitral and tricuspid valve surgery, and in atrial myxoma resection). In the end,
the surgeon placed chest drainages in the 2nd and 3rd intercostal space on the median
axillary line in aortic valve surgery, in the 3rd and 4th intercostal space on the median
axillary line in mitral and tricuspid surgery and in atrial myxoma resection.
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Figure 1. Right minithoracotomy, 6–8 cm surgery incision between 2nd and 3rd intercostal space.

For group 1, at the patients’ admission to ICU, the blocks were performed.

2.3.1. PECS II Block

The PECS II block was performed using a Stimuplex Braun 22 G × 80 mm echogenic
needle, a linear ultrasound probe (4–12 MHz) and an ultrasound PHILIPS machine. An
amount of 10 mL Ropivacaine 0.25% was injected in the inter-fascial plane between the pec-
toralis major and minor muscles at the 2nd cost level (Figure 2A,B), and 20 mL Ropivacaine
0.25% in the interfascial plane between pectoralis minor and serratus muscle at 3rd/4th
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costal level (Figure 2A–C). The patient was in a supine position with the arm near the chest
or in 90◦ abduction.
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Figure 2. PECS II block: (A) oblique ultrasound imaging scan along the medioclavicular line 2nd rib
level; P.M.—pectoralis major muscle; P.m.—pectoralis minor muscle; S.A.—serratus anterior muscle.
(B,C) anatomical correlation dissections of the sites of inter-fascial injections.

2.3.2. SAP Block

The Serratus Plane block was performed by using a Stimuplex Braun 22 G × 80 mm
echogenic needle, an ultrasound linear probe (high frequency) and an ultrasound PHILIPS
machine. Thirty milliliters of Ropivacaine 0.25% was injected in the inter-fascial plane deep to
the anterior serratus muscle at the 5th rib level in the median axillary line (the deep approach
according to Blanco et al. [14]) (Figure 3A,B). The blocks of the intercostal brachial nerves, the
lateral branches of intercostal nerves (T3–T9), long thoracic nerves and thoracodorsal nerve
also achieved permitting analgesia in the anterolateral region of the chest.
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Figure 3. SAP block: (A), intraoperative positioning for the realization of the block. (B) ultrasound
imaging scan of the inter-fascial plane deep to the anterior serratus muscle at 5th rib level in the
median axillary line; L.D.: latissimus dorsi muscle; S.A.: anterior serratus muscle.

2.4. Statistical Analysis

Statistical analysis was performed using Graph Pad Prism 8.4.2 Software (GraphPad
Software Inc., San Diego, CA, USA). The descriptive numerical variables (age, weight,
height, BMI, starting fraction ejection) of the two groups were expressed with mean ± SD
and standard error. The normality of distribution was determined for all scores using the
Kolmogorov–Smirnov test. For the normally distributed data, single comparisons were
performed using the Student’s t-test; for continuous data not normally distributed, the
Mann–Whitney U test was used. Differences between two groups in the different times
of the continuous variables were statistically analyzed by a two-way analysis of variance
(ANOVA) mixed model followed by Tukey’s multiple comparisons test. The chi-square
test or Fisher exact test was used for comparisons of categorical data classified as nominal.
For all comparisons, p < 0.05 was considered statistically significant.

3. Results

The authors studied 78 patients who were extracted by the database. A total of
41 patients underwent the PECS2 block + serratus plane blocks (Group 1), and 37 underwent
the intravenous opioids analgesia (Group 2). The descriptive variables of the two groups
are presented in Table 1.
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Table 1. Descriptive data of group 1 and group 2. FE = ejection fraction.

Group 1 Weight Height BMI Age FE at the Start Group 2 Weight Height BMI Age FE at the Start

Number of patients 41 41 41 41 41 Number of patients 37 37 37 37 37

Minimum 42 152 16.8 52 42 Minimum 48 150 19.2 37 30

25% Percentile 64 160 23.15 62 53.5 25% Percentile 59.5 161.5 22.1 59.5 55

Median 74 173 25.1 71 60 Median 70 169 24 71 60

75% Percentile 83 180 26.15 77 63 75% Percentile 76 173 25.6 78.5 62.5

Maximum 119 188 51.5 85 71 Maximum 95 182 33.7 85 80

Mean 73.83 170.6 25.35 70.2 58.12 Mean 68.51 168.1 24.18 67.95 59.05

Std. Deviation 15.24 9.96 5.28 9.06 6.84 Std. Deviation 11.7 8.083 3.3 12.82 8.89

Std. Error of Mean 2.38 1.556 0.824 1.414 1.07 Std. Error of Mean 1.924 1.329 0.54 2.11 1.46

Lower 95% CI of mean 69.02 167.5 23.68 67.34 55.96 Lower 95% CI of mean 64.61 165.4 23.08 63.67 56.09

Upper 95% CI of mean 78.64 173.8 27.01 73.05 60.28 Upper 95% CI of mean 72.41 170.7 25.28 72.22 62.02

Coefficient of variation 20.64% 5.838% 20.83% 12.9% 11.78% Coefficient of variation 17.08% 4.81% 13.65% 18.87% 15.06%
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No difference was present between the two groups in terms of weight, height, BMI,
age and starting FE. Outcome measures are summarized in Table 2.

Table 2. Outcomes measures.

Variables Group 1 (n = 41) Group 2 (n = 37)

CPOT score 30 min 0 ± 0 0.18 ± 0.87

CPOT score 1 h 0.12 ± 0.78 0.32 ± 1.02

CPOT score 2 h 0.34 ± 1.01 0.67 ± 1.31

CPOT score 6 h 1.78 ± 2.12 3.75 ± 2.01

CPOT score 12 h 1.90 ± 2.21 3.29 ± 2.05

CPOT score 24 h 0.70 ± 1.32 2.94 ± 1.35

CPOT score supplement analgesia 3.02 ± 2.13 4.83 ± 1.06

Sufentanyl (µg) 191.2 ± 31.4 246.2 ± 14.01

Morphine (mg) 0.12 ± 0.78 18.19 ± 10.32

Tramadol (mg) 14.63 ± 42.2 81.08 ± 139.1

Toradol (mg) 3.65 ± 9.93 10.54 ± 20.27

Toradol (mg) Additional analgesia 10.98 ± 14.63 17.03 ± 18.08

Paracetamol (mg) Additional analgesia 0.53 ± 0.55 1.08 ± 0.68

Tramadol (mg) Additional analgesia 14.63 ± 42.2 16.22 ± 55.34

Orotracheal Intubation (h) 6.36 ± 2.08 7.81 ± 2.98

Intensive care unit (h) 17.78 ± 3.92 21.38 ± 3.55

Nausea-vomiting (episodes) 1 7

No Nausea-vomiting (episodes) 40 30

Respiratory depression (episodes) 0 1

No respiratory-depression (episodes) 41 36

Delayed awakening (episodes) 2 4

No Delayed awakening (episodes) 41 37

3.1. Primary Outcome

Pain perceived at 6 h (Group 1 vs. Group 2: 1.78 ± 2.13 vs. 3.80 ± 2.10; p = 0.0002),
12 h (Group 1 vs. Group 2: 1.90 ± 2.21 vs. 3.30 ± 2.05; p = 0.0088) and 24 h (Group 1 vs.
Group 2: 0.71 ± 1.33 vs. 2.95 ± 1.35; p < 0.0001) after start of analgesia was significantly
lower in Group 1 than Group 2, and CPOT score for additional analgesia was significantly
lower in Group 1 (Group 1 vs. Group 2: 3.02 ± 2.13 vs. 4.83 ± 1.1; p = 0.0005) (Figure 4)
(Table 2). CPOT scores at 30 min (p = 0.2218), 1 h (p = 0.1844) and 2 h (p = 0.1959) after the
start of analgesia were not statistically significant (Table 2).

Comparison of data regarding total opioids consumption showed that in Group 1 was
significantly lower than Group 2, except for Tramadol: Sufentanyl (µg) Group 1 vs. Group
2: 191.2 ± 31.40 µg vs. 246.2 ± 14.01 µg; (p < 0.0001); Morphine (mg) Group 1 vs. Group 2:
0.1220 ± 0.7809 mg vs. 18.19 ± 10.32 mg; (p < 0.0001); Tramadol (mg): Group 1 vs. Group 2:
14.63 ± 42.20 mg; p = 0.1103) (Figure 5A) (Table 2).

Furthermore, the comparison of Toradol consumption (mg) showed no statistically sig-
nificant difference between Group 1 vs. Group 2: 3.659 ± 9.939 mg; (p = 0.2894) (Figure 5A).
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Figure 5. (A) Total opioids and toradol consumptions in the two groups. (B) Additional analgesia in
the two groups. (C) Sub-analysis of tramadol and toradol consumptions in patients where they were
used. (D) Sub-analysis of paracetamol consumption in patients where it was used. *: statistically
significant p-values.
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The comparative analysis, with regard to additional analgesia, showed the following
results in terms of the use of additional drugs (Table 2): toradol (mg): Group 1 vs. Group 2:
10.98 ± 14.63 mg vs. 17.03 ± 18.08 mg; (p = 0.1580); tramadol (mg): Group 1 vs. Group 2:
16.22 ± 55.34 vs. 14.63 ± 42.20 mg; (p = 0.9548); paracetamol (gr): Group 1 vs. Group 2:
0.5366 ± 0.5522 vs. 1.081 ± 0.6823; (p = 0.0004) (Figure 5B).

A sub-analysis of patients in which Tramadol and Toradol were used showed an
average dosage of use, respectively: Group 1 vs. Group 2: Tramadol 120 ± 44.72 mg vs.
272.7 ± 110.4 mg; Toradol 30 ± 0 mg vs. 43.33 ± 15.81 mg (Figure 5C).

A sub-analysis of patients in whom paracetamol was used showed an average dosage
of use, respectively: Group 1 vs. Group 2: 0.9565 ± 0.3666 mg vs. 1.333 ± 0.4795 mg
(Figure 5D).

3.2. Secondary Outcome

Statistically significant differences in terms of hours were highlighted with regard to
orotracheal intubation times in ICU (Group 1 vs. Group 2: 6.40 ± 2.08 vs. 7.81 ± 2.98;
p = 0.0147) and also with regard to the time of stay in ICU (Group 1 vs. Group 2: 17.78 ± 3.921
vs. 21.38 ± 3.554; p < 0.0001) (Figure 6) (Table 2).
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4. Discussion

Currently, locoregional anesthesia techniques are very diffused, especially in major
surgery such as colorectal and liver surgery, thoracic surgery, orthopedic surgery and
kidney transplant surgery. The utility of PECS II and serratus plane block is widely
demonstrated in other surgeries such as mastectomy [15], thoracic surgery [16], pacemaker
implantation [17], traumatology for ribs fracture [18] and pediatric surgery [19], but there
are not many studies in cardiac adult surgery. Ultrasound-guided fascial plane blocks have
been embraced enthusiastically as an alternative to epidural, paravertebral and perineural
injections [20]. There are several locoregional analgesia techniques in cardiac surgery pain
management: peridural analgesia, paravertebral block and fascial blocks such as ESP block,
serratus plane block and PECS II block.

To date, no studies have examined the PECS II block associated with serratus plane
block in patients undergoing minithoracotomy in cardiac surgery.

For PECS II blocks, a study regarding analgesia in midline sternotomy [8] was per-
formed bilaterally and compared with parental analgesia. In this study, PECS group
patients required less duration of ventilator support; they had fewer pain scores and less
need for rescue analgesia.

In another study about PECS II block in mini-thoracotomy in mitral/tricuspid valve
repair [21], the authors associated the PECSII block with ESP block, and it was compared
with a group that received only ESP block. It demonstrated that the addition of PECS blocks
to ESP reduced consumption of oxycodone via patient-controlled analgesia (PCA), reduced
pain intensity on the VAS and increased patient satisfaction with pain management in
patients undergoing mitral/tricuspid valve repair via mini-thoracotomy.

Regarding the serratus plane block, a recent prospective observational cohort study
compared the continuous SAP analgesia group with the morphine analgesia group [9].
The authors performed the deep SAP block, inserting a catheter between the serratus
muscle and fifth rib because, in their opinion, the deeper approach provided simplified
sonographic imaging, and there was less risk of catheter dislocation. They concluded that
continuous deep serratus anterior plane block seems to be a valid alternative to intravenous
opioids in terms of efficacy for patients undergoing minithoracotomy with a lower opioid
requirement.

The current study set out to demonstrate that the PECS II block associated with
serratus plane block is a valid alternative to intravenous analgesia and is better for some
aspects. The patients who received the blocks had a reduced pain perception after 6 h, 12 h
and 24 h at the start of locoregional analgesia; they consumed lower opioids quantities and
used lower quantities of rescue analgesia at lower levels of pain. Furthermore, the time of
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stay in ICU and time of intubation was lower in patients that received PECS II and serratus
plane blocks, and they had a lower number of nausea and vomiting episodes.

The association between PECS II and SAP proved itself a good choice because the two
blocks acted on two different targets. PECS II block provided a better anterior chest region
analgesia (the site of thoracotomic incision), while serratus plane block provided a better
anterolateral chest region analgesia (the site of drainages insertion). Indeed, by serratus
plane blocking the blocks of the intercostobrachial nerve (ICBN), the lateral branches of
intercostal nerves (T3–T9), long thoracic nerve and thoracodorsal nerve were obtained, also
permitting analgesia in the anterolateral region of the chest while the PECS II blocked the
median and the lateral pectoralis nerves, long thoracic nerves, thoracodorsal nerve and
lateral branches of intercostal nerves (only T2–T6).

In this study population, block-related complications were not observed (pneumotho-
rax, nerve injury, LAST); however, these are rarely described in the literature [22].

The pain perception at 30 min, 1 h, 2 h after the start of analgesia (not statistically
significant) could be determined by the long Sufentanyl half-elimination time (but that
PECSII and serratus plane block used less quantity of Sufentanyl).

Finally, the time of stay in ICU was also affected by the organizational needs of the
cardiac surgery unit (receiving unit) and ICU (discharging unit).

This study had several limitations. First, it was a retrospective study. However, the
protocol for the association of PECS II and SAP blocks in patients undergoing minithora-
cotomy for aortic or/and mitral or/and tricuspid valves replacement or repair or atrial
myxoma resection was standardized in the authors’ institution. Second, this study was
conducted in a single institution. Finally, the study involved small samples of patients; for
this, future studies including large numbers of patients will be able to contribute to better
defining their utility and cost benefits.

5. Conclusions

In this study, compared to standard intravenous analgesia, PECS II block associated
with serratus plane block was a valid alternative. The fascial blocks allowed better pain
management and reduced the use of rescue analgesia, the number of episodes of collateral
effects opioids related, the length of stay in ICU and the time of intubation. Furthermore,
this alternative allowed to applicate the fast-track surgery improving the outcomes and
comfort in patients undergoing minimally invasive cardiac surgery. Last but not least PECS
II block associated with the serratus plane block appears to be an effective option to add to
ERAS protocol in cardiac surgery.
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