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Purpose: Adequate postoperative analgesia is a key to earlier recovery from open surgery. This work investigated the pain control and
quality of patient recovery after hepatectomy to evaluate the modified continuous serratus anterior plane block (called low SAPB) for
postoperative analgesia.

Patients and Methods: This single-center, blinded, randomized, controlled study included 136 patients who underwent hepatectomy
under general anesthesia. For postoperative analgesia, the patients in the SAPB group were given a continuous low SAPB at the 7th
intercostal space in the right mid-axillary line, and the patients in the control group were given continuous intravenous opioid
analgesia. The numeric pain rating scale (NPRS) was used for pain assessment. The postoperative assessment focused on the remedial
drug consumption, the occurrence of adverse postoperative analgesic reactions, and the quality of patient recovery evaluated with the
QoR-15 questionnaire.

Results: Compared to the controls, the SAPB patients had significantly lower NPRS scores at 12 h and 24 h at rest and 6 h, 12 h, and
24 h in motion, and a longer time to first use of remedial analgesics at 24 h, and higher overall QoR-15 scores at 24 h [124 (121, 126)
vs 121 (120, 124)] and 48 h [129 (126, 147) vs 126 (125, 128)], after surgery. There was no significant difference in the incidence of
analgesia-related adverse reactions between the two groups.

Conclusion: The continuous low SAPB could achieve superior pain control, especially for motor pain, to intravenous opioid
analgesia during the first 24 h post-surgery. Even with no significant difference in the incidence of postoperative adverse reactions,
patients with continuous low SAPB appeared to have a higher quality of recovery in the first two days post-surgery than patients with
continuous intravenous analgesia.
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Introduction

Liver cancer is one of the most frequent fatal malignancies that threaten human health.! Liver resection remains the
optimal choice for the treatment of liver cancer in current clinical practice.” Due to the invasive procedure, drainage tube
placement, liver regeneration following damage or resection, and inflammatory response, patients commonly experience
moderate-to-severe acute pain (defined as a visual analogue scale score greater than 3) lasting several days after
hepatectomy.>* The incidence of moderate-to-severe acute pain in patients on day 1 after hepatectomy is as high as
72%.*> The stress response to painful surgical trauma is associated with the increased release of inflammatory factors
and hormones including cortisol and adrenocorticotropic hormones, which can induce cardiovascular and metabolic

adverse effects. These pains reduce patients’ quality of life, raise postoperative stress, prolong surgical wound healing
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time, aggravate patients’ anxiety and depression, and even evolve into chronic postsurgical pain, which hinders the rapid
recovery and rehabilitation process.” As reported, 55-80% of patients undergoing hepatectomy have inadequate post-
operative analgesia.® Multimodal analgesia after open surgery is essential.* Intravenous analgesia, epidural analgesia, and
peripheral nerve blocks are common postoperative analgesia modalities in clinical practice.” ® Systemic intravenous
analgesia could contribute to side effects including respiratory depression, nausea, vomiting, and pruritus.'®'" Whereas
sympathetic blockade (hypotension, bradycardia) or patient coagulation dysfunction limits its use, epidural analgesia may
provide better pain management.’

Ultrasound-guided serratus anterior plane block (SAPB) provides accurate ultrasound localization for block catheter
placement and has been gradually applied for pain management after upper abdominal surgery as a new fascial plane
block technique in recent years.'*'* It was first described by Blanco in 2013 and has a high block success rate in contrast
to thoracic epidural analgesia and paravertebral block. Ultrasound-guided SAPB not only reduces surgical stress
response, inflammatory factor release, and opioid use'> but also avoids hemodynamic fluctuations and serious respiratory

12.16718 1 ¢linical practice, 30 mL of 0.25% ropivacaine is administered via an injection into the

and intraspinal sequelae.
deep fascial plane under the serratus anterior muscle at the 7th intercostal space in the mid-axillary line for SAPB, which
provides good analgesia to the anterolateral chest wall and upper abdominal wall. Analgesic evaluation of such
a modified low SAPB after hepatectomy in terms of pain management and quality of patient recovery has not been
reported to date. Therefore, this prospective, randomized, controlled study aimed to evaluate the clinical analgesic

efficacy and safety of ultrasound-guided continuous low SAPB after hepatectomy to provide a clinical reference.

Materials and Methods

This prospective, randomized, controlled, single-blind trial was approved by the Institutional Ethics Committee (Approval
number: 2021-01) of the First People’s Hospital of Neijiang (Sichuan Province, China) and was conducted following the
principles outlined in the Declaration of Helsinki. This trial was preregistered on clinicaltrials.gov (Trial registration number:
NCT05531864). Written informed consent was obtained from all participants for the enrolment and interventions in the study.

Participants and Grouping
The patients diagnosed with hepatocellular carcinoma who were scheduled for hepatectomy (open surgery) between June 18,
2021 and July 24, 2022 in our hospital were included in the present study. All diagnoses met the World Health Organization’s
diagnostic criteria for liver cancer. The included patients were aged 25 to 75 years with an ASA (American Society of
Anesthesiologists) level of I, II, or III, and a body mass index (BMI) of 18.5 to 29 kg/m?. Patients with cardiac, cerebral, hepatic,
or renal failure, comorbid psychiatric or neuromuscular disorders, or coagulation disorders were excluded. Other exclusion
criteria included a history of allergy to anesthetic drugs or local anesthetics, a history of long-term opioid or drug use, an inability
to cooperate with the researchers in this study for various reasons, and participation in other synchronous clinical or drug trials.
Participants were randomized into two groups: the SAPB group (general anesthesia with continuous low SAPB) and
the control group (general anesthesia with continuous intravenous opioid analgesia). Each patient was randomly assigned
to the SAPB group or control group according to a random number table. Random numbers were generated using IBM
SPSS 26.0 software. Group allocations were kept in serially numbered opaque envelopes and sealed. After baseline
assessment and recruitment, one patient’s envelope was sent to an anesthetist. The anesthetist opened the envelope to
determine the group allocation and performed the interventions pre-established for the indicated group. The anesthetist
who performed the blocks did not participate in the intraoperative pain management of the patients.

General Anesthesia and Postoperative Analgesia

General anesthesia and surgical technique were the same for all patients included. General anesthesia was actively induced by
administering 0.02 mg/kg midazolam, 0.4 pg/kg sufentanil, 0.3 mg/kg cis-atracurium, and 0.3 mg/kg etomidate, and maintained
by propofol, remifentanil, cis-atracurium, and sevoflurane. In the SAPB group, continuous low SAPB and patient-controlled
nerve analgesia (0.25% ropivacaine hydrochloride, 5 mL/h) were used. In the control group, patient-controlled continuous
intravenous analgesia (100 mL dilution containing 2 pg/kg sufentanil, 0.25 mg/kg dezocine, and 10 mg toltestrone) was given.
The analgesia pump parameters were set as background dose 2 mL/h, patient-controlled analgesia dose 0.5 mL, and locking time
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15 min. At the end of the surgery, the patients were monitored in the recovery room and received pain assessment using the 11-
point NPRS (the numeric rating scale for clinical pain measurement), which ranges from “0” (indicating “no pain”) to “10”
(indicating “pain as bad as you can imagine”). When the postoperative NPRS score was greater than 3, remedial analgesia
(100 mg tramadol) was administered by a ward physician who was blind to the grouping information.

SAPB patients were treated in the supine position with the right upper limb abducted at 90°, and the nerve block catheter was
positioned at the 7th intercostal space in the right mid-axillary line, which could block the lateral cutaneous branches of the 4th to
11th intercostal nerves (T4-T11) and provide good analgesia to the anterolateral chest wall and upper abdominal wall. In detail,
after routine skin preparation, the linear ultrasound transducer probe (S9, SonoScape, Shenzhen, China) was placed over the
thoracic cage in a sagittal plane to identify the superficial latissimus dorsi and the deep serratus anterior muscle (as shown in
Figure 1). Subsequently, using an in-plane approach, a nerve block puncture needle (Stimuplex, B. Braun Medical, Melsungen,
Germany) was inserted caudally from the skin above the 6th or 7th rib to the 8th intercostal space in the right mid-axillary line,
namely, through the latissimus dorsi and the serratus anterior muscle to reach the deep fascial plane between the serratus anterior
muscle and the external intercostal muscles and ribs in the 7th intercostal space. About 2 mL of normal saline solution was used for
the injection test. After a black appearance of fluid spreading caudally along the rib surface was visible on ultrasound and no blood
or gas was found after pulling back the plunger, 30 mL of AstraZeneca 0.25% ropivacaine was injected into the deep fascial plane.
Besides, a puncture needle was inserted caudally along the 6th, 7th, or 8th rib surface through the external and internal intercostal
muscles in the 6th, 7th, or 8th intercostal space, respectively, to reach the plane between the internal and the innermost intercostal
muscles. About 2 mL of 0.25% ropivacaine was injected into the plane each in the 6th, 7th, and 8th intercostal spaces after an
injection test as above described. Afterward, a nerve block puncture needle was inserted caudally as above described, and the
nerve block catheter was kept at the deep fascial plane (a depth of approximately 5 cm; T7) in the 7th intercostal space for
continuous postoperative analgesia. At the end of one surgery, the patient-controlled analgesia pump (0.25% ropivacaine, 5 mL/h)
was connected to the nerve block catheter. The patient-activated dose was 8 mL per time, and the lockout interval was set at
one hour.

Figure | Sonographic anatomy of the low serratus anterior plane block. 7th rib, the seventh rib.
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Primary and Secondary Endpoints

The primary outcomes were the numeric pain rating scale (NPRS) scores at rest and in motion at various postoperative
time points (0 h, 2 h, 6 h, 12 h, 24 h, and 48 h). The secondary outcomes included the quality of patient recovery after
surgery which was evaluated with the global Quality of Recovery-15 (QoR-15) questionnaire,'® time to the first use of
remedial analgesics (tramadol) after various postoperative analgesia interventions, adverse postoperative analgesic
reactions, or nerve block-related complications (nausea, vomiting, etc.) within the postoperative 24 h.

Statistical Analysis

All data were collected by an Excel program and then analyzed using GraphPad Prism 9.0. The Shapiro—Wilk test was
used to determine if the data followed a normal distribution. The normally distributed data (including age, height, BMI,
duration of anesthesia, and duration of surgery) were expressed as mean + standard deviation (SD) and analyzed using an
independent samples #-test. Fisher’s exact test was used for non-normally distributed quantitative data (eg, gender). The
skewed data were expressed as the median and interquartile range (IQR). The Mann—Whitney U-test was applied to
detect the between-group differences in NPRS scores at 0 h, 2 h, 6 h, 12 h, 24 h, and 48 h after surgery. The relationship
between qualitative variables and independent samples (eg, ASA classification) was analyzed using a chi-square test.
P values <0.05 were considered statistically significant.

Results
After random allocation and several rounds of exclusion, a total of 136 participants were included in our analysis. Of the
139 patients who were eligible and underwent open surgery for hepatocellular carcinoma, there were two patients lost to
follow-up, and one was excluded due to the occurrence of postoperative thrombosis (Figure 2). Basic information about
the enrolled patients is detailed in Table 1.

As shown in Table 2 and Figure 3, after various postoperative analgesia interventions, the patients with continuous
low SAPB (SAPB group) had a significantly greater reduction in NPRS scores at rest and in motion compared to the

Enroliment

Assessed for eligibility
(n=151)

Not meeting inclusion criteria
(n=9)
Declined to participate (n=3)

Randomised (n=139)
|

Allocation
Control Group (n=70) SAPB Group (n=69)
1 excluded for the Follow up 2 patients were lost to
Postoperative thrombosis “ follow-up
69 include in the - 67 include in the
analysis Analysis analysis

Figure 2 CONSORT (Consolidated Standards of Reporting Trials) flow diagram. The SAPB group underwent general anesthesia and continuous low serrate anterior plane
block, while the control group underwent general anesthesia and continuous intravenous opioid analgesia.

Notes: Adapted from Schulz KF, Altman DG, Moher D, CONSORT 2010 Statement: Updated Guidelines for Reporting Parallel Group Randomised Trials. PLoS Med. 2010;7
(3): €1000251. Copyright: © 2010 Schulz et al. Creative Commons Attribution License.2’

Abbreviations: SAPB, serratus anterior plane block; control, the control group.
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Table | Patient Demographic and Clinical Parameters

Variable SAPB Group Control Group P
(N=69) (N =67)

Age (years) 55.63 + 3.03 54.94 + 498 0.547
Sex (N/%)

Female 30 (43.5%) 27 (40.3%) 0.509

Male 39 (56.5%) 30 (59.7%) 0.632
Body mass index 22.37 £ 235 22.59 + 24| 0.748
ASA physical status

ASA | 8 5 0.089

ASA I 45 43 0.646

ASA Il 16 19 0.751
Duration of surgery (min) 290.23 + 19.02 283.01 + 16.20 0.582
Duration of anaesthesia (min) 395.01 +22.50 388.25 + 18.62 0.773
Intraoperative fluid intake [mL; mean (SE)] 3592.2 (134.5) 3710.4 (202.4) 0.134
Estimated blood loss [mL; mean (SE)] 465.0 (52.9) 450.9 (83.0) 0.331
Hypoproteinaemia (N/%) 25 (36.2%) 23 (34.3%) 0.281
QoR-15 score 141.63 + 4.02 14094 + 3.19 0.313

Notes: QoR-15 refers to the |5-item quality of recovery scale for patient-reported, global outcome measures of quality of

recovery after surgery and anaesthesia.

Abbreviations: ASA, American Society of Anaesthesiologists; SE, standard error.

control patients within 24 h post-surgery (p<0.05). In addition, we also used a survival curve to depict the time to the first

use of remedial analgesics after various postoperative analgesia interventions (Figure 4). We found a significant

difference between the two groups in the time to the first use of remedial analgesics (p=0.017). Besides, as shown in

Table 3, there was no significant difference between the two groups in terms of complications such as incisional infection

and hypotension (requiring intervention), implying that continuous low SAPB did provide better pain control on the first

postoperative day than other analgesia modalities. The SAPB patients had fewer postoperative adverse reactions (nausea,

vomiting, and pruritus) than the control patients.

As shown in Figure 5, the SAPB patients had significantly higher QoR-15 scores at 24 h [124 (121, 126) vs
121 (120, 124)] and 48 h [129 (126, 147) vs 126 (125, 128)] post-surgery than the control patients; both groups of
patients also had significantly higher QoR-15 scores in the first two postoperative days compared to their baseline

levels (p<0.05). However, such significant differences were not maintained on the third postoperative day.

Table 2 Assessment of Numeric Pain Rating Scale Scores of the Two Groups at Different

Postoperative Time Points

Postoperative | Numeric Pain Rating Scale Score [Min—-Max (Median)]
Time Point
At Rest In Motion
SAPB Control P SAPB Control P
Group Group Group Group
2h 0-1 (0) 0-1 (0) 0.059 0-1 (1) 0-2 () 0.003
6h 1-3 (1) 0-2 (1) 0.062 1-3 (1) 1-3 (1) 0.041
12 h 1-3 (1) 1-3 (1) 0.018 1-3 (2) 1-4 (3) 0.033
24 h 1—4 (2) 1—4 (2) 0.025 14 (2) 1-4 (3) 0.014
48 h 0-3 (2) 1-3 (2) 0.301 1-3 (2) 1-3 (2) 0.266
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Figure 3 NPRS scores of the two groups at different postoperative time points (0 h, 2 h, 6 h, 12 h, 24 h, and 48 h) after surgery. (A) NPRS scores at rest. (B) NPRS scores
in motion. The SAPB group underwent general anesthesia and continuous low serrate anterior plane block, while the control group underwent general anesthesia and
continuous intravenous opioid analgesia. *p<0.05 versus the control group.
Abbreviations: SAPB, serratus anterior plane block; NPRS, numerical pain rating scale.
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Figure 4 Kaplan-Meier plots of the observed probability of postoperative use of remedial analgesia (seconds) for the two intervention groups. p=0.033.
Abbreviation: SAPB, serratus anterior plane block.
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Table 3 Comparison of Incidence of Adverse Effects Between the Two Groups

SAPB Group Control Group P-value*

(N =69) (N =67)
Nausea 7 (10.14) 12 (17.91) 0.034
Vomiting 6 (8.70) 8 (11.94) 0.043
Incisional infection I (1.45) I (1.49) 0.98
Hypotension requiring intervention in recovery 3 (4.34) 4 (5.97) 0.87
Pruritus I (1.45) 3 (4.48) 0.041
Total 18 (26.08) 28 (41.79) 0.032

Notes: Data are shown as N (%). *Fisher exact test. P < 0.05 vs control group.

Discussion

This prospective, randomized, controlled study evaluated the analgesic effect of ultrasound-guided continuous low SAPB
and the quality of patient recovery after hepatectomy. We found that ultrasound-guided continuous low SAPB signifi-
cantly reduced pain at 12 h and 24 h post-surgery at rest and in motion and reduced the administration of remedial
analgesics at 24 h post-surgery compared to intravenous analgesia alone. The patients with continuous low SAPB had
higher global QoR-15 scores at 48 h post-surgery, indicating a clinically meaningful improvement in the quality of
recovery. However, there was no statistically significant difference in analgesia-related adverse reactions between SAPB
patients and control patients.

In the present study, the ultrasound-guided continuous low SAPB used as an analgesic protocol for postoperative pain
management after hepatectomy is a modified SAPB modality. Unlike Blanco’s classical SAPB with the puncture points
located at the 4th and 5th intercostal spaces in the mid-axillary line, the puncture points in our study were located above
the 6th or 7th rib in the mid-axillary line, and the analgesic (ropivacaine) was injected into and the nerve block catheter
was placed into the deep fascial plane between the deep surface of the serratus anterior muscle and external intercostal
muscles and ribs at the 7th intercostal space in the mid-axillary line. Our SAPB modality used a lower concentration
(0.25%) and a higher dose (30 mL) of ropivacaine. Our continuous low SAPB could maximize the spread of local
anesthetic to the lateral cutaneous branches, mainly T4-T11, of the intercostal nerves. The hyperalgesia of dermatomal
block levels T4-T11 can be examined in the lateral region of the abdomen at 30 min. Previous studies'’*'
that SAPB is more frequently used in thoracic anesthesia, and relatively few studies have reported its application in
hepatectomy. Elsharkaw et al*> reported a case series of the application of rhomboid intercostal and sub-serratus plane
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Figure 5 The overall QoR-15 scores of the SAPB group and control group at postoperative day | (PODI), day 2 (POD?2), and day 3 (POD3). The data were represented by
the median (horizontal bar), interquartile range (box), maximum and minimum values (upper and lower edges), and outliers (dots). *p<0.05 versus the control group.
Abbreviations: SAPB, serratus anterior plane block; QoR-15, Quality of Recovery-15 scale; ns, not significant.
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blocks for postoperative pain management in upper abdominal surgery, which could better block the lateral cutaneous
branches of the thoracic intercostal nerves and be used for thoracic and upper abdominal analgesia in various clinical
situations. This block modality is highly similar to the SAPB. In the present study, we put forward our modified
continuous low SAPB for postoperative analgesia. We chose the puncture point and the block catheter placement site
more distant from the hepatic region to avoid their contributing surgical incisional contamination. Besides, the local
anesthetic was injected into the plane between the internal and innermost intercostal muscles to achieve a selective block
of the anterior cutaneous branch of the 6th, 7th, and 8th intercostal nerves. This would avoid unnecessary medical
disputes caused by incision infections caused by the rectus abdominis sheath block. Our study showed that the block
levels of ultrasound-guided unilateral SAPB at the 7th or 8th intercostal space were concentrated at T4-T11, which
provided good postoperative analgesia of incisions for liver resection.

With our modified SAPB, the SAPB patients had significantly lower NPRS scores at rest and in motion than the
control patients at 12 h and 24 h after hepatectomy for hepatocellular carcinoma. Besides, the SAPB patients had no
significantly lower resting NPRS scores at 6 h post-surgery than the control patients, which may be attributed to the small
sample size. In addition, the median NPRS scores at rest and in motion after surgery were less than 4 at most times in
both groups, indicating clinically acceptable analgesia could be achieved in both groups using the multimodal analgesia
protocol in this study. Of note, SAPB with ropivacaine alone could only control the incisional pain and did not improve
the outcome of postoperative visceral pain, so flurbiprofen ester was administered intravenously 30 min before the end of
surgery to achieve better postoperative analgesia.

With survival curve analysis, we investigated the time to the first use of remedial analgesia after various postoperative
analgesia interventions in the two groups and found a statistically significant difference between the two groups. The
SAPB patients required significantly less opioid analgesia after the same procedure since our study used a higher dose of
local anesthetic (30 mL ropivacaine). Notably, the trigger points for postoperative analgesia intervention by the
anesthetists differed between studies. The patients in our study had an NPRS score greater than 3 as the intervention
threshold, and the other studies used different intervention thresholds and anesthetics. This may partially explain the
significant difference in opioid use between the studies.

In any case, the administration of analgesics should not be the main criterion for assessing patient comfort in the
perioperative period. Therefore, unlike previous studies that simply assessed postoperative pain severity and the use of
postoperative remedial analgesics, this study also assessed patients’ QoR-15 scores on the three postoperative days,
which is an internationally recognized and validated patient-centered instrument for assessing the quality of patient
postoperative recovery. This study found that the SAPB patients had significantly higher QoR-15 scores on the first
and second postoperative days than the control patients, and there was no difference in the scores on the third
postoperative day between the two groups, mainly due to the good analgesic effect of SAPB on the first
postoperative day and the reduction in the use of postoperative remedial analgesics and less resulting nausea and
vomiting and other adverse effects, thus improving the quality of recovery and patient satisfaction.

Ropivacaine is a long-acting amide local anesthetic and has a longer duration of action, a more rapid onset of action,
a higher maximal dose, and lower toxicity to the central nervous system and cardiovascular system compared with other
local anesthetics. With the available reports and our clinical practice, this study selected 30 mL of 0.25% ropivacaine for
ultrasound-guided low SAPB and 5 mL/h of 0.25% ropivacaine for continuous SAPB pump after surgery. It was found
that ropivacaine could alter the growth, apoptosis, and proliferation of cancer cells through a variety of mechanisms.?® 2
Ropivacaine reduced the mRNA levels of key cell cycle regulators and the expression of MK167, a marker of cell
proliferation, in hepatocellular carcinoma cells.?® It could promote apoptosis and inhibit the development of hepatocel-
lular carcinoma by targeting the IGF-1 R/PI3K/AKT/mTOR signaling pathway.?” It could also disrupt mitochondrial
function and activate caspase-3 activity to promote apoptosis in hepatocellular carcinoma cells.”® Taken together,
ropivacaine can inhibit the biological properties of tumors by blocking sodium channels and is suitable for analgesia
after surgery for liver cancer.

Our study is a single-center study, and further confirmation of our findings in other centers is required, although the
team of surgeons and anesthetists ensured the standardization and consistency of all procedures. Besides, due to ethical
constraints, 0.9% saline was not used in this study as a negative control in control patients. As SAPB for postoperative
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analgesia after hepatic lobectomy is less studied at present, the low SAPB we applied was slightly modified from the
traditionally described modality and was compared with patient-controlled analgesia in the present study to observe
whether such SAPB was effective in postoperative analgesia. It may be better to compare it with the classical thoracic
paravertebral nerve block for pain management after hepatectomy. Given the small sample size, larger relevant studies
are warranted to assess the analgesic effect of SAPB more accurately in hepatocellular carcinoma patients undergoing
hepatectomy and the quality of patient recovery.

Conclusion

In this work, our continuous low SAPB within the first 24 h post-surgery provided better postoperative analgesia
compared to continuous intravenous analgesia. Continuous low SAPB appears to be superior to continuous intravenous
analgesia regarding postoperative analgesia and quality of patient recovery from hepatectomy in the first two days post-
surgery, while no significant difference exists between both in the incidence of postoperative adverse effects. More
randomized controlled trials with larger samples need to be conducted to confirm these observations.
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