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Purpose: This randomized, non-inferiority study aimed to observe the feasibility of opioid-sparing analgesia based on modified
intercostal nerve block (MINB) following thoracoscopic surgery.

Patients and Methods: 60 patients scheduled for single-port thoracoscopic lobectomy were randomized to the intervention group or
control group. After MINB was performed in both groups at the end of the surgery, the intervention group received patient controlled-
intravenous analgesia (PCIA) of dexmedetomidine 0.05 pg/kg/h for 72 h after surgery, and the control group received conventional
PCIA of sufentanil 3 pg/kg for 72 h. The primary outcome was a visual analog scale (VAS) on coughing 24 h after surgery. Secondary
outcomes included the time to first analgesic request, pressing times of PCIA, time to first flatus, and hospital stay.

Results: There was no difference in the cough-VAS at 24 h (median [interquartile range]) between the intervention group [3 (2—4)]
and control group [3 (2-4), P = 0.36]. The median difference (95% CI) in the cough-VAS at 24 h was [0 (0 to 1), P = 0.36]. There was
no significant difference in the time to first analgesic request, pressing times of PCIA, and hospital stay between groups (P > 0.05).
A significant decrease in time to first flatus was observed in the intervention group (P < 0.01).

Conclusion: Opioid-sparing analgesia provided safe and analogous postoperative analgesia with a shortened time to first flatus, compared
with sufentanil-based analgesia in thoracoscopic surgery. This might be a novel method recommended for thoracoscopic surgery.
Keywords: opioid-sparing, intercostal nerve block, dexmedetomidine, sufentanil, opioid consumption, thoracoscopic surgery

Plain Language Summary

Opioids are no stranger to the public. Opioids have strong analgesic properties, and can greatly reduce pain after surgery. Currently,
opioids and other drugs combined with nerve block are often used in analgesia after thoracic surgery. However, opioids can prolong
the time to first flatus, bowel movements, and even hospital stay time after surgery. So, we aimed to find a new method of pain control
that would have the same analgesic effects as the previous method (opioid-based analgesia) and dramatically reduce opioid use.
Dexmedetomidine and nonsteroidal anti-inflammatory drugs (NSAIDs), as non-opioid analgesics, have good postoperative analgesic
effect and reduce opioid consumption. Based on the above, we proposed a novel analgesia strategy that combined with nerve block and
dexmedetomidine, as well as NSAIDs. Then, we designed and conducted experiments related to patients undergoing thoracoscopic
surgery comparing two analgesic strategies. The results show that the novel analgesia strategy provided safe and analogous post-
operative analgesia and shortened the time to first flatus. Therefore, we believe the novel analgesia strategy that combined with nerve
block and dexmedetomidine, as well as NSAIDs, may be an effective alternative for thoracoscopic surgery.

Introduction

Spurred by concerns about undesirable side effects' following opioid-based analgesia, strategies for opioid-sparing
analgesia are now recommended for single-port video-assisted thoracoscopic surgery (VATS). Multimodal analgesia
based on regional techniques can be used to markedly reduce perioperative opioid consumption.” However, little is
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Graphical Abstract

Outcome of novel opioid-sparing analgesic protocol following
thoracoscopic surgery vs sufentanil-based analgesia
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known about its potentially facilitating enhanced recovery effect. Recently, our preliminary observation found that
multimodal analgesia based on modified intercostal nerve block (MINB)® was a novel method to achieve an opioid-
sparing effect perioperatively in a minimally invasive lobectomy. It would be interesting to investigate whether multi-
modal strategies based on MINB could potentially facilitate enhanced recovery.

Dexmedetomidine (DEX) and NSAIDs were recommended for postoperative analgesia to reduce opioid
consumption.*> The whole-course application of DEX combined with ketorolac® has been demonstrated to provide
adequate and safe postoperative intravenous patient-controlled analgesia (PCIA) following thoracoscopic surgery. Based
on the above, a novel opioid-sparing analgesia that combined with MINB and dexmedetomidine, as well as NSAIDs, was
proposed.

Aim
This randomized, controlled and non-inferiority trial would evaluate the feasibility of a new opioid-sparing protocol after
VATS, which was compared to the conventional opioid-based analgesia model.

Methods

Design and Participants

This prospective trial was approved by the institutional review board of the First Affiliated Hospital of Anhui Medical
University (approval No. PJ2020-01-27) and written informed consent was obtained from the participants. The trial was
carried out in accordance with the Declaration of Helsinki. We successfully registered at http://www.chictr.org.cn
(ChiCTR2000031906) on 14 April 2020. Patients with American Society of Anesthesiologists (ASA) physical status
classes I-11I, aged 18—70 years and scheduled for single-port VATS between April 15, 2020 and March 31, 2021 were
enrolled. The exclusion criteria were as follows: any difficulty with communication, any contraindications to regional

techniques (allergy to local anesthetics, infection around the site of the block, and coagulation disorder), history of an
opioid use disorder, heart rate < 50 beats/minute or II-III atrioventricular block, previous history of a gastrointestinal
ulcer or platelet abnormality, allergy to the study drugs, and refusal to participate in the study. Those who were
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transferred to thoracotomy and discontinued the use of analgesia pumps for various reasons were subsequently excluded
from the study.

Randomization and Masking

All recruited patients based on computer-generated random assignment were randomly assigned (1:1) to the intervention
group (a combination of MINB and PCIA of dexmedetomidine 0.05 pg/kg/h for 72 h postoperatively) and the control
group (a combination of MINB and PCIA of sufentanil 3 pg/kg for 72 h postoperatively). Patients and observers were
blinded to the treatment allocation.

Anesthesia Management

After entering the operating room, routine monitoring was performed: invasive arterial blood pressure, electrocardiogram
(ECQ), and pulse oxygen saturation. The depth of sedation was monitored by a SedLine monitor (Masimo Inc, Irvine, CA,
USA). Anesthesia was induced with etomidate 0.3 mg/kg, sufentanil 0.3-0.5 pg/kg, and cisatracurium 0.2—-0.3 mg/kg. Then,
the surgeon started the operation. General anesthesia was maintained with propofol 3—6 mg/kg/h by state index of 25-50
and remifentanil 0.2-0.5 pg/kg/min. Patients were placed with a 28 or 32 thoracic drainage tube during the operation and
they were managed by one chest drain connected to a digital chest drainage system. Followed by PCIA, all patients received
MINB with 5 mL 0.35% ropivacaine at the end of the operation. Intravenous tropisetron 5 mg was administered to prevent
postoperative nausea and vomiting. Then, the patients were transferred to the post-anesthesia care unit (PACU).

Modified Intercostal Nerve Block

Near the incision site where a chest drainage tube was inserted, the ultrasound transducer (S-Nerve; SonoSite Iberica S.
L., Madrid, Spain) was placed perpendicular to the long axis of the upper rib (posterior axillary line level). As the
previous protocol by our study,” the 21G needle was inserted which targeted the lateral border of the upper rib in
a caudal-to-cephalic direction along the long axis of the transducer. Then 5 mL of 0.35% ropivacaine combined with
0.025% dexamethasone was injected when the needle reached this special landmark, which facilitated the drug’s
diffusion up, down, and back, between the anterior serratus muscle and the coastal space (S. Figure 1).

Postoperative Patient-Controlled Analgesia

The intervention group: PCIA protocols were DEX 0.05 ug/kg/h for 72 h diluted in 150 mL normal saline, a background
infusion rate of 2 mL/h, and a 2 mL bolus with a lockout interval of 15 min. PCIA bolus dose was administered for visual
analog scale (VAS) > 3 or on patient request.

The control group: PCIA protocols were sufentanil 3 pg/kg for 72 h diluted in 150 mL normal saline. PCIA parameter
settings remained the same (2 mL bolus, a lockout time with 15 min, and 2 mL/h baseline infusion). PCIA bolus dose
was also administered for VAS > 3 or on patient request.

As part of the multimodal analgesia, flurbiprofen 50 mg (twice daily) was administered intravenously for 72 h in two
groups. Also, the patient would be administered a rescue analgesic of tramadol 100 mg 6 hourly if it was ineffective to
press twice continuously.

Outcome

The primary outcome focused on a non-inferiority comparison of VAS score during coughing at 24 h after surgery.
Secondary outcomes included the time to first analgesic request, PCIA pressing times, postoperative sufentanil con-
sumption, time to first flatus, tramadol consumption, opioid-related effects, hospital stay, and the incidence of post-
operative complications systematically.

The same research staff who were unaware of the assignment of the study group assessed the VAS scores at rest and
coughing, and other outcomes systematically. Postoperative opioid consumption was calculated from the total back-
ground dose plus the bolus dose if required during 24 h, 48 h, and 72 h after surgery. The patient and relatives were
instructed on how to use the analgesic pump. The device of the patient-controlled analgesia pumps could automatically

Drug Design, Development and Therapy 2023:17 hetps: 1643

Dove:


https://www.dovepress.com/get_supplementary_file.php?f= 405990.pdf
https://www.dovepress.com
https://www.dovepress.com

Sun et al Dove

record the exact time to press the pump and the total pressing times. Rescue tramadol consumption was defined as the
total tramadol dose during 24 h, 48 h, and 72 h after surgery.

Sample Size

The primary objective was to evaluate whether dexmedetomidine-based opioid-sparing analgesia was non-inferior to the
sufentanil-based approach in terms of VAS score during coughing at 24 h after surgery in VATS patients. According to
our preliminary study conducted with ten patients (five in each group), the expected mean VAS score was 3.7 & 0.4 in the
intervention group and 3.2 + 1.0 in the control group. Based on available study,”® a non-inferiority margin of 1 was set as
a clinically relevant difference in change of VAS score. Thus, the non-inferiority was established when the upper
boundary of the 95% CI for the mean difference was lower than 1. Using a power of 80% of the non-inferiority test,
a significance level (alpha) of 0.05, and a mean margin in VAS score of 1, we calculated that a sample of 60 patients (1:1
allocation ratio) would be needed. Considering a supposed dropout rate of 15%, we planned to include 70 patients, 35 in
each group.

Data Analysis

Statistical analysis was performed using PASS 15.0. The Kolmogorov—Smirnov test was used to check for normal
distribution of data. The normally distributed data were analyzed using Student’s ¢-test. Nonparametric and non-normally
distributed data were analyzed using the Mann—Whitney U-test. Mean + standard deviation was estimated for age, and
body mass index. The median (interquartile range) was estimated for VAS, PCIA pressing times, the time to first
analgesic request, and sufentanil consumption. A nonparametric test was used to analyze PCIA pressing times, sufentanil
consumption, time to first flatus, and postoperative hospital stay by the Mann—Whitney U-test. The 95% CI of the median
difference was calculated with the Hodges—Lehmann test for the time to first rescue analgesic request. A chi-square test
was applied for postoperative adverse events and complications. It was considered statistically significant when P < 0.05.

Results

A patient flow diagram is shown in Figure 1. 70 patients who met the inclusion criteria were allocated into two groups
randomly. However, 10 patients were subsequently excluded: 5 patients changed to open thoracic surgery and 5 patients
refused PCIA. Finally, a total of 60 patients (n=30 in the intervention group and n=30 in the control group) were
analyzed.

Baseline characteristics were similar between groups (Table 1). There was no difference in VAS scores on coughing at
24 h between the intervention group and the control group (P >0.05, Table 2), with a median difference (95% CI) of [0 (0
to 1), P = 0.36] (Figure 2). The low boundary of the 95% confidence interval was > —1, therefore, non-inferiority was
established.

Table 3 shows postoperative opioid consumption. There was no difference in the time to first analgesic request and
the total number of PCIA activations. A marked decrease in sufentanil consumption was observed in the intervention
group compared with the control group. The sufentanil consumption 3 days postoperatively was [0 (0-0)] pg in the
intervention group vs [187.5 (150-210)] pg in the control group, with a median difference [187.5 (159.0 to 204.0), P =
0.00]. No rescue analgesia was used in each group.

A significant difference in time to first flatus was observed in the intervention group [20.0 (15.9-22.3) vs 26.3 (22—
33.0), P = 0.00]. In addition, there was no case of constipation in the intervention group, and five cases in the control
group (0/30 vs 5/30, P = 0.02). In summary, the total adverse effects in the intervention group was lower than in the
control group (2/30 vs 11/30, P = 0.00). However, postoperative length of stay was not significantly shortened in the
intervention group (P = 0.07) (Table 4).

Discussion
This prospective study firstly demonstrated this novel opioid-sparing analgesia approach was not inferior to opioid-based
analgesia protocol, with a reduction in time to first flatus.
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Figure | Flow diagram.

Postoperative analgesia after thoracic surgery is a real challenge that requires reducing opioids perioperatively. The
pleural drain is the main cause of pain after VATS. As an important component of multimodal analgesia, posterior
intercostal nerve blockade’ with bupivacaine may be as effective as thoracic epidural analgesia in terms of postoperative
pain originating from the pleural drain. In our study, we simplified the conventional approach of intercostal nerve
blockade to one more superficial MINB and further optimized this to single-point injection. Combined with dexametha-
sone, the analgesic effect of MINB was prolonged and resulted in fewer opioids requirement. Single-shot intercostal
nerves have not been widely used because of the short duration of action of local anesthetics; however, the availability of
non-opioid analgesics, such as DEX'? and NSAIDs,'! offers the potential prolonged and supplemental analgesia effect.
Therefore, we implemented a combination of MINB and non-opioid analgesic adjuvants to achieve a potential opioid-
sparing effect. Compared to the traditional intercostal block-based approach,® this novel opioid-sparing strategy pro-
longed the time to first request of analgesia, with lower PCIA pressing times and rescue analgesia, which may benefit
from the opioid-sparing effect of MINB by extending 24 h after surgery.

Since visceral pain is innervated by the vagal and phrenic nerves, MINB does not affect visceral pain.'? DEX and
NSAIDs, as non-opioid analgesics, are helpful to manage somatic pain.'®> Anti-nociceptive effects of DEX to blunt
increased MAP and HR have been confirmed especially.'* Animal studies have shown that dexmedetomidine can inhibit
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Table | Demographic Data and Surgical Characteristics

Variable Intervention (n=30) Control (n=30) P value
Age (years) 533+ 123 559 %115 0.41
Gender [n (%)] 1.00
Male 12 (40.0%) 12 (40.0%)
Female 18 (60.0%) 18 (60.0%)
Body mass index (kglm2) 235+24 23.1 £35 0.62
ASA [n (%)] 0.22
| I (3.3%) 0 (0)
1l 24 (80.0%) 20 (66.7%)
1] 5 (16.7%) 10 (33.3%)
Propofol consumption (mg) 700.0 (515.0-862.5) 679.0 (500.0-932.5) 0.96
Sufentanil consumption (pg) 30.0 (25.0-35.0) 30.0 (25.0-35.0) 0.54
Anesthesia duration (min) 176.5 (150.0-196.3) 166.0 (133.8-223.8) 0.98
Operation duration (min) 136.5 (120.0-160.0) 132.5 (110.0-185.5) 0.78
Extubation time (min) 20.0 (15.0-30.0) 15.0 (10.0-25.0) 0.16
Stay in PACU (min) 45.0 (40.0-55.0) 40.0 (33.8-51.3) 0.23
First ambulation time (hours) 276 £ 7.6 296 £ 11.6 0.43

Notes: Data are shown as mean + SD, median (25th to 75th percentiles), or number of patients (percentage). BMI, body mass
index; ASA, American Society of Anesthesiology physical status classification system, range | (normal) to 5 (moribund).
Abbreviation: PACU, Postanesthesia Care Unit.

Table 2 VAS Scores

Intervention (n=30) | Control (n=30) | P value

Rest-VAS

3 h postop 0 (0-0) 0 (0-0) 1.00
6 h postop I (0-1) 0 (0-1) 0.49
12 h postop I (1-1) I (1-1) 1.00
24 h postop 2 (1-2) 2 (1-2) 0.99
48 h postop 2 (1-2) 2 (1.75-2) 0.18
72 h postop I (1-1.25) 1 (1-1) 0.54
Cough-VAS

3 h postop I (0-1.25) 1 (0-1) 0.25
6 h postop 1 (1-2) 1 (0-2) 0.26
12 h postop 2 (2-3) 2 (2-2) 0.34
24 h postop 3 (24 3 (24 0.36
48 h postop 3(2-3) 3(34) 0.10
72 h postop 2 (2-3) 2 (1.75-2) 0.33

Note: Data are shown as median (25th to 75th percentiles).
Abbreviation: VAS, visual analog scale.

acute inflammatory visceral pain through NF-kB activation'> and chronic inflammatory visceral pain through the HDAC2
pathway and MEK/ERK/CREB pathway, suppressing visceral hypersensitivity.'®!” Thus, a clinical trial demonstrated
that DEX ameliorated visceral pain after abdominal surgery in patients via a dose-dependent inhibitory on C-fibers and
Aa-fibers.'® Also, our preliminary study’ showed an intra-operative opioid-sparing effect extending 48 h after surgery
after MINB and intra-operative DEX infusion might be an alternative method to blunt visceral stress effectively in
patients undergoing thoracoscopic lobectomy. This current study focused on the postoperative opioid-sparing effect and
further demonstrated the feasibility of postoperative opioid-free analgesia. Another study® showed that DEX 0.1 pg/kg/h
added to PCIA without opioids provided adequate and safe postoperative analgesia, with no bradycardia, hypotension, or
respiratory depression. According to our preliminary observation, we found that DEX 0.1 pg/kg/h may cause dizziness
and drowsiness in patients, and a low dose of DEX 0.05 pg/kg/h was chosen in this study. DEX 0.05 pg/kg/h of PCIA is
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Median difference P non-inferiority value
(95%CI)
VAS 3hat rest 0(0, 0) A 1.00
VAS 3h at coughing 0(0, 1) ¢ 0.25
VAS 6h at rest 0(0,0) — 0.49
VAS 6h at coughing 0(0, 1) + 0.26
VAS 12h at rest 0(0,0) A S 1.00
VAS 12h at coughing 0(0,0) ¢ 0.34
VAS 24h at rest 0(0,0) ¢ 0.99
VAS 24h at coughing 0(0, 1) t + 0.36
VAS 48h at rest 0(-1,0) — 0.18
VAS 48h at coughing 0(-1,0) ¢ 0.10
VAS 72h at rest 0(0, 0) — 0.54
VAS 72h at coughing 0(0, 1) ¢ 0.33

1 08 06 -04 -02 O 02 04 06 08 1

Figure 2 Differences in VAS at time points between two groups. Non-inferiority was established when the lower boundary of the 95% confidence interval was > —I at VAS
24 h at coughing. If the Propinferioricy Value < 0.05, non-inferiority is rejected.
Abbreviations: VAS, visual analog scale; 95% Cl, 95% confidence interval.

safe and feasible, with no side effect in postoperative sedatives. However, the optimal dose of DEX still warrants further
investigation.

Importantly, high compliance with non-opioid enhanced recovery protocols significantly reduces opioid requirements and
leads to improved outcomes.> Although this opioid-sparing strategy minimized postoperative opioid requirements, there was no
significant difference in the incidence of postoperative nausea and vomiting between groups. This similar outcome was

19,20

consistent with recent evidence that opioid-free balanced anesthesia did not decrease the incidence of postoperative nausea

and vomiting for noncardiac surgery. However, a remarkable decrease in time to first flatus was observed in this prospective

Table 3 Postoperative Opioid Consumption

Intervention (n=30) | Control (n=30) Median difference P value

PCIA pressing times

During first 24 h 0.0 (0-1.0) 0.0 (0.0-1.0) 0 (0 to 0) 0.56

During first 48 h 1.0 (0.0-3.3) 1.5 (0.8-4.0) 0(0tol) 0.31
Time to first request of analgesia (h) | 27.5 (18.0-48.0) 24.5 (20.042.3) 0 (—10 to 4) 0.80
Sufentanil consumption
| day postop (pg) 0 (0-0) 61.2 (49. 5-68. 5) 61.2 (52.0 to 66.2) 0.00
2 day postop (ug) 0 (0-0) 123.7 (102.4-143.7) | 123.7 (104.0 to 134.4) | 0.00
3 day postop (ug) 0 (0-0) 187.5 (150-210) 187.5 (159.0 to 204.0) | 0.00
Rescue analgesia
Tramadol (mg) 0 (0-0) 0 (0-0) 0 (0 to 0) 1.00

Notes: Data are shown as median (25th to 75th percentiles), or number of patients (percentage). PCIA, patient-controlled intravenous analgesia.
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Table 4 Postoperative Complications, Adverse Events and Outcome

Intervention (n=30) | Control (n=30) | P value
Adverse events [n (%)]
Total 2 (3.3%) 11 (36.7%) 0.00
Nausea and vomiting 1 (3.3%) 2 (6.7%) 0.55
Dizziness and drowsiness I (3.3%) 1 (3.3%) 1.00
Urinary retention 0 1 (3.3%) 0.31
Respiratory depression 0 0 1.00
Bradycardia 0 0 1.00
Constipation 0 5 (16.7%) 0.02
Pruritus 0 1 (3.3%) 0.31
Delirium 0 1 (3.3%) 0.31
Time to first flatus (hours) 20.0 (15.9-22.3) 26.3 (22.1-33.0) | 0.00
Postoperative hospital stay (days) | 4.0 (4.0-5.0) 5.0 (4.0-7.3) 0.07

Notes: Data are presented as median (25th to 75th percentiles), or number of patients (percentage).

study, and non-opioid requirements resulted in enhanced bowel recovery. Unfortunately, patients managed with the opioid-
sparing approach had not appeared to be shorter in hospitalization. Indeed, whether implementation of an opioid-sparing protocol
may enhance postoperative recovery is uncertain.?' A recent study** showed that an enhanced recovery pathway has no benefit
on postoperative hospital stay, morbidity, mortality, and readmission rates. Another retrospective study® found an implementa-
tion of a multimodal analgesic pathway based on incisional nerve block could effectively reduce perioperative opioid
consumption and length of stay. Nevertheless, the outcome of a novel opioid-sparing analgesic strategy for thoracoscopic
surgery needs further study.

Limitation

This study has several limitations. Firstly, to avoid dizziness and drowsiness side effects, a safer dose of DEX 0.05 pg/kg/h
was chosen. Tan et al's study®* showed DEX combined with sufentanil was effective for postoperative PCIA in patients
undergoing VATS when the EDs, and EDgs are 0.0346 pg/kg/h and 0.0459 pg/kg/h, respectively. The optimal dose of DEX
may require further exploration. Secondly, we did not collect the data on opioid consumption after discharge, and it may be
the novel opioid-sparing effect in the long term. Lastly, this is a single-center study with a small sample size, so a large-
scale randomized controlled trial would be needed to confirm the potential benefit.

Conclusion

Dexmedetomidine-based analgesia in combination with MINB was non-inferior to conventional sufentanil-based analge-
sia in providing analgesia after single-port thoracoscopic lobectomy, with a faster exhaust time. We believe that
dexmedetomidine-based analgesia in combination with a multimodal analgesic regimen may be an effective alternative
for thoracoscopic surgery.

Abbreviations

VATS, Single-port video-assisted thoracoscopic surgery; DEX, Dexmedetomidine; PCIA, Postoperative patient-
controlled intravenous analgesia; NSIAD, Nonsteroidal anti-inflammatory drug; ASA, American Society of
Anesthesiologists; MINB, Modified intercostal nerve block; ECG, Electrocardiogram; HR, Heart rate; MAP, Mean
arterial pressure; PACU, Post-anesthesia care unit; VAS, Visual analogue scale; ERAS, Enhanced recovery after surgery;
EDs, Median effective dose; EDos, 95% effective dose.
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