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Abstract: This prospective, randomized study aimed to evaluate the efficacy of an intraoperative
pectoralis nerve II block (PECS II block) under direct vision in the reduction of fentanyl consumption
during postoperative 24 h in patients undergoing robotic nipple-sparing mastectomy (RNSM) with
immediate breast reconstruction (IBR) using direct-to-implant (DTI) or tissue expander (TE). Thirty
patients scheduled for RNSM with IBR were randomly allocated to the PECS (n = 15) or control
(n = 15) groups. The PECS Il block was applied under direct vision after RNSM. The primary outcome
was the cumulative dose of fentanyl consumption. The secondary outcomes were pain intensity using
a numerical rating scale (NRS) at rest and acting during the postoperative 24 h. The cumulative dose
of fentanyl at 24 h was significantly lower in the PECS group than in the control group (p = 0.011).
Patients in the PECS group showed significantly lower NRS scores during the first postoperative 2 h
compared to those in the control group in both resting and acting pain (p < 0.05). An intraoperative
PECS II block under direct vision can reduce opioid consumption during the postoperative 24 h and
provide effective analgesia in patients undergoing RNSM with IBR using DTI or TE.

Keywords: pectoralis nerve II block; robotic nipple-sparing mastectomy; immediate breast
reconstruction; opioid consumption; direct-to-implant; tissue expander; analgesia

1. Introduction

The pectoralis nerve II block (PECS II block) under ultrasound guidance, first de-
scribed by Blanco et al. [1], has been increasingly used for analgesia in breast surgery
and has been reported to be effective in reducing postoperative pain intensity and opioid
consumption [2,3]. It is safe and relatively simple to perform as an interfascial plane block,
and there is no sympathetic blockade [4]. The PECS II block consists of two interfascial
injections of local anesthetic: one between the pectoralis minor and serratus anterior mus-
cles and the other between the pectoralis major and pectoralis minor muscles at the third
rib level [1]. Injection of a local anesthetic into these planes is expected to anesthetize the
lateral pectoral nerve, medial pectoral nerve, anterior divisions of the thoracic intercostal
nerves, and long thoracic nerves [1,5,6].

Robotic nipple-sparing mastectomy (RNSM) with immediate breast reconstruction
(IBR) has been increasingly performed since it was first introduced by Toesca et al. [7]. The
delicate and precise operation of the robotic surgical system allows RNSM with IBR to
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be performed through a 2.5-6 cm linear mid-axillary incision below the axillary fossa [8].
Through this incision, an intraoperative PECS II block under direct vision can be performed
by the surgeon. Furthermore, although several studies regarding intraoperative PECS block
under direct vision through an open surgical incision have been reported [9-11], there are
limited studies regarding the analgesic efficacy of an intraoperative PECS II block under
direct vision in patients undergoing RNSM with IBR. Thus, this study aimed to evaluate
the efficacy of intraoperative PECS II block under direct vision in the reduction of fentanyl
consumption during postoperative 24 h in patients undergoing RNSM with IBR using
direct-to-implant (DTI) or tissue expander (TE).

2. Materials and Methods
2.1. Study Populations

This prospective, randomized controlled study was approved by the Institutional Re-
view Board and Hospital Research Ethics Committee of Yonsei University Health System,
Seoul, Korea, and registered in a clinical trial registry (http://www.clinicaltrials.gov, iden-
tifier: NCT04440995, accessed on 22 June 2020). We enrolled 30 participants aged >20 years
with American Society of Anesthesiologists (ASA) physical status I to III who were sched-
uled for RNSM with IBR between July 2020 and October 2021 after obtaining informed
written consent. Patients who met any of the following criteria were excluded from the
study: (1) history of allergy to the study medications; (2) coagulopathy; (3) use of antico-
agulation therapy; (4) patient refusal to use patient-controlled analgesia (PCA); (5) body
mass index (BMI) > 35 kg/m?; (6) history of uncontrolled hypertension, diabetes, heart
failure, hepatic failure, renal failure, and/or cerebrovascular disease; and (7) history of
uncontrolled psychiatric disease.

2.2. Randomization and Intervention

The participants were randomly assigned to either the PECS group (n = 15) or the
control group (1 = 15) according to a computer-generated randomization sequence. In the
control group, patients underwent RNSM with IBR without PECS II block. In the PECS
group, PECS II block was conducted at the end of the RNSM, followed by IBR. All RNSM
and PECS II blocks were performed by a single surgeon, H.S.P.

A blunted tip cannula (27 G, 30 mm, Mirror Cannula, Namumcompany Co., Ltd.,
Miami, FL, USA) was inserted between the fascia of the pectoralis major and pectoralis
minor muscles at the level of the third rib, which was exposed through the RNSM incision,
and 10 mL of 0.25% ropivacaine (Nacain Injection; Huons Co., Sungnam, Korea) was
injected under direct vision. The aim of administering this local anesthetic was to reduce
myofascial pain from the pectoralis muscles by anesthetizing the lateral and medial pectoral
nerves that pass medially toward the pectoralis major and minor muscles [6]. The pectoralis
minor and serratus anterior muscles were identified at the level of the third rib, and 20 mL of
0.25% ropivacaine was directly injected into the interfacial space using a blunted tip cannula.
This injection targets the long thoracic nerve and the two or three lateral cutaneous branches
of the thoracic intercostal nerve to provide postoperative analgesia by anesthetizing the
axilla and lateral chest wall [6]. The 30 mL of 0.25% ropivacaine was prepared by a nurse
who did not participate in this study.

2.3. Procedures
2.3.1. Anesthesia

When the patient arrived in the operating room, the following monitoring devices
were mounted on the patient: noninvasive blood pressure, electrocardiography, oxygen
saturation, peripheral nerve stimulator, and patient state index using a SedLine® electroen-
cephalograph sensor (Masimo Corp., Irvine, CA, USA). Then, 0.1 mg of glycopyrrolate was
administered intravenously (IV) as a premedication; thereafter, anesthesia was induced with
propofol 1-2 mg/kg and remifentanil 0.05-0.1 ug/kg. Tracheal intubation was facilitated
with rocuronium 0.6 mg/kg after loss of consciousness. Mechanical ventilation was started
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with an inspiratory—expiratory ratio of 1:2, positive end-expiratory pressure of 5 cm H;O,
and target tidal volume of 8 mL/kg ideal body weight. The respiratory rate was adjusted
to maintain the end-expiratory carbon dioxide between 35-42 mmHg. Anesthesia was
maintained with remifentanil 0.03-0.1 pg/kg/min and sevoflurane (0.6-1.0 age-adjusted
minimum alveolar concentration). Postoperative neuromuscular blockade was evalu-
ated using a nerve stimulator and antagonized with IV sugammadex (Bridion®, MSD,
Seoul, Korea).

2.3.2. RNSM

The RNSM procedure has been described in detail in previous studies. In brief, a
2.5-6 cm incision was made longitudinally in the mid-axillary line below the axillary fossa.
After the manual preparation of the working space, robotic system docking, robotic dissec-
tion, and specimen retrieval were performed [7,8,12-14]. After specimen retrieval, the PECS
II block was performed using a blunted tip cannula via the incision by a single surgeon.

2.3.3. IBR

After robotic mastectomy, IBR was performed by the plastic surgeons using TE or a
smooth, round, stable gel mammary implant covered with an acellular dermal matrix. A
covered implant or a TE was inserted in the prepectoral plane [12,15].

2.4. Postoperative Pain Management

During subcutaneous tissue suturing, 1 ug/kg of IV fentanyl (Hana Pharm, Seoul,
Korea) for postoperative pain control and 0.3 mg of IV ramosetron (Nasea®, Astellas Pharma
Korea, Seoul, Korea) for postoperative nausea and vomiting (PONV) prevention were
administered. All patients in both groups received IV-PCA (Accumate 1200; WooYoung
Medical, Seoul, Korea), which was a mixture of a total volume of 250 mL, consisting of
5 ng/kg of fentanyl, 0.3 mg of ramosetron, and 0.9% normal saline. All PCA devices were
set to deliver a bolus dose of 10 mL (fentanyl: 0.2 ug/kg), with a 15-min lock out interval
and a basal infusion rate of 0.1 mL (fentanyl: 0.002 ug/kg/h). Instructions on how to
present the intensity of pain using a numerical rating scale (NRS; 0, no pain; 10, worst
pain possible) and how to use the PCA device were provided to all enrolled patients in
the preanesthetic room [16]. After the patients were transferred to the postanesthetic care
unit and had emerged from anesthesia, the recovery nurses who were not involved in the
study assessed pain intensity using NRS scores. The patients were reinstructed about the
use of the PCA machine and were encouraged to press the bolus button whenever they
felt pain greater than NRS score 3. When the patient experienced sustained pain (NRS
score > 4), 50 ug of IV fentanyl was administered as an additional rescue analgesic. After
being transferred to the ward, all patients were assessed by the PCA management team
of our institution, who was unaware of group assignments and had no involvement in
anesthesia or surgical procedures. In the ward, all patients received 1 g of IV paracetamol
(profa®, Dai Han Pharm, Seoul, Korea) and one tablet of Mypol® (codeine phosphate 10 mg
plus ibuprofen 200 mg, Sung-won Adcock Pharm, Seoul, Korea) every 8 h for 24 h. In
patients who suffered from prolonged pain with an NRS score of >4 in the ward even after
repeated administration of the PCA bolus, 50 mg of tridol (Tramadol HCL®, Yuhan. Co.,
Seoul, Korea) was administered as an additional analgesic. The investigator, recovery
nurses, PCA management team, and patients were blinded to the group allocation.

2.5. Outcomes

The primary endpoint of this study was the cumulative dose of fentanyl consumed
during the 24 h after surgery. The amount of fentanyl consumed was evaluated using
data stored in the PCA device. The secondary endpoints were the resting and acting pain
intensity using NRS at 0, 1, 2, 4, 6, 8, 12, and 24 h after surgery. Resting pain was defined as
pain at rest or lying still, and acting pain was defined as pain when moving or changing
posture or coughing [17].
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2.6. Data Collection

Patient characteristics, including age, BMI, ASA physical status, smoking status,
menopause status, history of motion sickness and PONYV, and neoadjuvant chemotherapy
were recorded. The following intraoperative and surgical characteristics were assessed:
surgical location, type of reconstruction, type of lymph node procedure, specimen weight,
duration of anesthesia and operation, mastectomy and reconstruction time, intraopera-
tive blood loss and flood input, intraoperative urine output, and dose of administered
remifentanil and phenylephrine.

Postoperative data included length of postoperative hospital stay, patient satisfaction
score, PONV, and complications. Patient satisfaction was assessed on a 4-point scale
reported by the patients (patient satisfaction score 1 = very unsatisfied, 4 = very satisfied)
at postoperative 24 h [18,19]. Postoperative nausea was assessed using a 4-point scale (0-3;
0 =none, 1 = mild, 2 = moderate, and 3 = severe), and vomiting was recorded 24 h after
surgery. Block-related or postoperative complications were recorded until discharge.

2.7. Statistical Analysis

In a preliminary study, the total amount of fentanyl administered via PCA for 24 h after
RNSM with IBR was 252.3 &= 142.0 pg. To detect a 60% reduction in fentanyl consumption,
a sample size of 15 patients in each group was required to have an 80% power, with an
alpha error of 0.05, considering a potential dropout rate of 5%.

Continuous variables were expressed as mean =+ standard deviation and analyzed
using Student’s t-test. Categorical variables were expressed in terms of the number of
patients (percentage), and the chi-square or Fisher’s exact test was performed. Repeatedly
measured variables, such as cumulative fentanyl consumption and NRS score for resting and
acting pain, were analyzed using a linear mixed model. Post hoc analysis was performed
and adjusted using the Bonferroni method. Statistical significance was set at p < 0.05. All
statistical analyses were performed using SAS version 9.4 (SAS Inc., Cary, NC, USA).

3. Results

A total of 30 patients were evaluated for eligibility and were randomly assigned into two
groups. All patients completed the study and were included in the final analysis (Figure 1).

Assessed for eligibility (1 = 30)

Excluded (7 = 0)

Randomized (1 = 30)

Y A\
Allocated to the Control group (1 = 15) Allocated to the PECS group (1 = 15)
Y y
Lost to follow-up (11 = 0) Lost to follow-up (12 = 0)
Y A
Analyzed (1 = 15) Analyzed (11 = 15)

Figure 1. Consolidated Standards of Reporting Trials flow diagram. PECS, pectoralis nerve II block.
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Patient characteristics are shown in Table 1. The number of patients with a history
of motion sickness was significantly higher in the PECS group than in the control group
(p = 0.042). There were no differences in the other variables between the two groups.

Table 1. Patient characteristics.

Control Grou PECS Grou
ne15) =15 p Value
Age, years 43+7 44 +7 0.734
BMI, kg/m? 223+29 20.7 £3.3 0.164
ASA physical status 0.143
I 5 (33%) 9 (60%)
I 10 (67%) 6 (40%)
Smoking history >0.999
Nonsmoker 14 (93%) 15 (100%)
Exsmoker 1 (7%) 0 (0%)
Menopause status >0.999
Premenopausal 14 (93%) 13 (87%)
Postmenopausal 1 (7%) 2 (13%)
Motion sickness 0 (0%) 5(33%) 0.042 *
PONYV history 0 (0%) 2 (13%) 0.483
Neoadjuvant chemotherapy 4 (27%) 1 (7%) 0.330

Data are presented as the mean =+ standard deviation or number of patients (proportion). BMI, body mass index;
ASA, American Society of Anesthesiologists; PONV, postoperative nausea and vomiting; PECS, pectoralis nerve II
block. * p < 0.05.

The intraoperative and surgical characteristics of the enrolled patients in both the
groups were comparable (Table 2).

Table 2. Intraoperative and surgical characteristics.

Control Group PECS Group

(n=15) (n=15) p Value
Anesthesia time, min 297 + 47 295 + 37 0.865
Operation time, min 252 + 41 260 + 41 0.573
Mastectomy time, min 146 £+ 31 149 4+ 33 0.765
Reconstruction time, min 103 + 18 100 + 31 0.756
Blood loss >0.999
<100 mL 13 (87%) 14 (93%)
>100 mL 2 (13%) 1 (7%)
Total fluid intake, mL 1943 + 479 2155 + 291 0.154
Urine output, mL 631 £+ 597 646 + 384 0.935
Intraopera.atlve ac?mlmstered 0.8+ 0.1 09 + 03 0417
remifentanil, mg
Intraoperative a(.:lministered 41426 47413 0.475
phenylephrine, mg
Location 0.464
Right 9 (60%) 7 (47%)
Left 6 (40%) 8 (53%)
Type of reconstruction 0.682
Direct-to-implant 12 (80%) 10 (67%)
Tissue expander insertion 3 (20%) 5 (33%)
Lymph node procedure >0.999
Sentinel lymph node biopsy 12 (80%) 11 (73%)
Axillary lymph node dissection 3 (20%) 4 (27%)
Specimen weight, g 349 £113 324 + 141 0.612

Data are presented as the mean + standard deviation or number of patients (proportion). PECS, pectoralis nerve

1I block.
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>

Cumulative fentanyl consumption, pg

>

NRS for resting pain (0-10)

Figure 2 demonstrates the doses of fentanyl administered via IV-PCA during postop-
erative 24 h in both groups. Significant group differences were observed in cumulative
fentanyl consumption at all-time points in the linear mixed model analysis (Bonferroni
corrected p = 0.001, 0.006, 0.004, 0.002, 0.002, 0.003, and 0.011 at 1,2, 4, 6, 8,12, and 24 h,
respectively) (Figure 2A). The cumulative fentanyl amounts at 24 h was 67 £ 23 ug in the
PECS group and 182 =+ 23 pug in the control group. Patients in the PECS group required
significantly less fentanyl compared to those in the control group at postoperative 0-1 h,
2—4 h, and 4-6 h (Bonferroni corrected p = 0.001, 0.043, and 0.028, respectively), which was
80%, 71%, and 75% lower in the PECS group than in the control group (Figure 2B).

O Control group @ PECS group

B
250 80
200 g %01
S 40
150+ 2
2 30
100+ 8
> 320
50| I E 104 *
0l 0 J & | J J J
th 2h  4h 6h  8h  12h  24h 0-th 1-2h 2-4h 46h 6-8h 8-12h 12-24h
Time after operation
Figure 2. Dose of cumulative fentanyl consumption (A) and fentanyl consumption during 24 h
after operation (B). Values are presented as mean =+ standard error. PECS, pectoralis nerve II block.
* Bonferroni corrected p < 0.05 versus the control group.

The NRS scores for resting and acting pain intensities are shown in Figure 3A,B,
respectively. Patients in the PECS group showed significantly lower NRS scores during the
first postoperative 2 h compared to those in the control group in both resting and acting
pain (all Bonferroni corrected p < 0.05). However, in resting pain intensity, the NRS score
was significantly lower in the PECS group up to 4 h after surgery (Bonferroni corrected
p = 0.024) (Figure 3A).

--O-- Control group —m— PECS group
B
10 10 4
94 9
84 § 8
74 e 74
6 T 6
34 £ 54
4] S 4
31 & 34
21 g 2-
z
1 14
01— ; g : . . T — 01— ; . : . . : —
Oh  1th 2h 4h 6h 8h 12h 24h Oh 1 2h 4h 6h 8h 12h 24h

Time after operation

Figure 3. Numerical rating scale for resting (A) and acting (B) pain intensity during 24 h after
operation. Values are presented as mean =+ standard error. PECS, pectoralis nerve II block; NRS,
numerical rating scale. * Bonferroni corrected p < 0.05 versus the control group.

The patient satisfaction score on postoperative day 1 was significantly higher in the
PECS group than in the control group (p = 0.002). No intergroup differences were observed
in the incidence of PONV (Table 3). In addition, no patients who suffered from any block-
related or postoperative complication were observed.
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Table 3. Postoperative characteristics.

Control Group PECS Group

(n =15) (n = 15) p Value
Postoperative hospital stays, days 75418 6.7+ 17 0.223
Patient satisfaction score 28+04 35406 0.002 *
Nausea, n 0.486
None 11 (73%) 10 (26%)
Mild 1 (7%) 3 (20%)
Moderate 1 (7%) 2 (13%)
Severe 2 (13%) 0 (0%)
Vomiting, n 3 (20%) 3 (20%) >0.999

Data are presented as the mean + standard deviation or number of patients (proportion). PECS, pectoralis nerve
II'block. * p <0.05. Patient satisfaction score: 1 = very unsatisfied and 4 = very satisfied.

4. Discussion

This prospective, randomized, controlled trial was the first to evaluate the analgesic ef-
ficacy of the intraoperative PECS II block under direct vision in patients undergoing RNSM
with prepectoral IBR using DTI or TE. Our findings suggest that intraoperative PECS II
block under vision reduced cumulative fentanyl consumption by 63% during postoperative
24 h. In addition, the PECS II block provided better analgesia based on significantly lower
NRS scores in both resting and acting pain during the first two postoperative hours.

Various reports have shown that a preoperative ultrasound-guided PECS II block re-
duces total opioid consumption in the first 24 h after major breast cancer surgery [4,20-24].
Consistent with these findings, we found that the cumulative dose of fentanyl required
during postoperative 24 h was significantly lower in the PECS group receiving an intraoper-
ative PECS II block under vision than in the control group (67 £ 23 pg versus 182 & 23 ug,
respectively), especially in the postoperative 0-1 h, 2—4 h, and 4-6 h. However, fentanyl
consumption was not significantly different between the two groups after postoperative 6 h.
Versyck et al. [2] reported in a meta-analysis study that the use of the PECS II block reduces
postoperative pain scores at all-time points assessed up to 24 h. Similarly, a meta-study by
Lovett-Carter et al. [3] showed that patients who received a PECS II block had attenuated
pain intensity at 6 and 24 h postoperatively. Although interpretative caution is required,
this may be because the duration of local anesthesia is expected to be approximately 4-8 h.
Blanco et al. [1] found that the analgesic duration of the PECS block lasted approximately
8 h postoperatively after the preoperative PECS block with ultrasound. Thomas et al. [9]
reported that the average analgesic duration of the intraoperative PECS II block was 6 h
after surgery. The results of our study were similar to those of previous reports, but the
duration of the effect was shorter [2,3]. This difference may be because this study was
conducted in patients who underwent robotic-assisted surgery, while previous studies
were performed in open mastectomy:.

Some drawbacks of preoperative ultrasound-guided PECS block are that it requires
trained personnel to use ultrasound and that the procedure is time-consuming. In addition,
Bakshi et al. [25] reported that a fluid-filled space along the fascial planes was observed
when the preoperative PECS II block was applied. They also stated that the spread of the
local anesthetic along the fascial plane may limit the use of electrocautery during surgical
dissection. In the current study, the PECS II block was performed directly after RNSM
without the use of ultrasound; thus, these drawbacks were resolved. The target structures
of the PECS II block were dissected and easily exposed, allowing safer, faster, and more
accurate targeting of the fascial plane.

There was no difference in the number of patients with PONV between the two groups,
despite the significantly higher number of patients with a history of motion sickness
in the PECS group than in the control group. In previous studies, no differences were
observed in the incidence of PONV between the two groups despite a significant reduction
in opioid requirements in the PECS group [2,3], which is consistent with results in the
current study. However, in a previous study by Bashandy et al. [24], patients in the PECS
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group had significantly lower PONV scores than those in the control group. There are
several risk factors for PONYV, including female sex, history of motion sickness or PONYV,
smoking, and postoperative opioid use, which may have affected these results [26]. Thus,
further prospective studies on PONV in the postoperative period are needed to draw
definitive conclusions.

This study has several limitations, and the findings should be interpreted accordingly.
First, this was a single-center trial with a relatively small sample size. However, RNSM is
not frequently performed; thus, the results of the current study can be clinically meaningful,
despite the small sample size. Second, opioid consumption and pain intensity were assessed
only during the first 24 h after surgery, and there were no assessments of long-term
outcomes such as chronic pain. Thus, further studies on the effect of the PECS II block on
chronic pain are needed. Finally, in the current study, proper spread of the local anesthetic
at the site of injection could not be confirmed visually when the block was performed.
However, since the surgeon identified the exact anatomical structure and performed the
injection, the local anesthetic agent infiltrated accurately in the appropriate target plane,
leading to a significant reduction in the pain intensity of the PECS group. Nevertheless,
based on the results of this study, better results may have been obtained if the actual
infiltration process was visually confirmed through ultrasonography using sterilization
cover. Although these limitations may be potential weaknesses of this study, to the best
of our knowledge, this is the first study to examine the effect of an intraoperative PECS II
block under direct vision through an open surgical incision in patients undergoing RNSM
with IBR. It is clinically meaningful as it can provide effective postoperative analgesia in
patients undergoing RNSM with IBR simply and safely through a surgical incision that has
already been exposed during robotic mastectomy, without the familiarity of ultrasound or
additional anesthesia procedures.

5. Conclusions

An intraoperative PECS II block under direct vision could provide effective analgesia
and reduce postoperative 24-h opioid consumption in patients undergoing robotic NSM
with prepectoral IBR using DTI or TE. Based on the results of this study, it would be
worthwhile to proceed with multi-center, double-blinded, randomized clinical trials in
the future.
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