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Purpose: The present study aimed to explore the effects of continuous sacral block on the postoperative pain of children and the
satisfaction of the nurses in post-anesthesia care unit (PACU). Also, the influence of the modified protocol of continuous sacral block
was investigated.

Patients and Methods: A total of 60 children undergoing laparoscopic surgery were randomly divided into two groups: GI and GC
groups. The general anesthesia was induced with midazolam, propofol, sufentanil and succinylcholine in both groups. In addition, the
patients were subjected to continuous sacral block with levobupivacaine in group GC. The modified protocol of continuous sacral
block was divided into three steps: comprehensive lumbar and sacral vertebral canal scanning by ultrasound, catheterization and
administration. The EVENDOL pain scales and pediatric anesthesia emergence delirium scales of the children were evaluated at 5 min
after extubation (T3), 90 min (T4), and 4 h (Ts) after the operation. The nurses’ satisfaction scores at T; -T4 and adverse events, such as
nausea and vomiting, were also recorded, after the operation.

Results: After ultrasonic scanning, one patient in group GC was excluded due to the sacral hiatus atresia, which might lead to failure
of catheterization. Data of 59 patients were collected for statistical analysis. Compared to the GI group, the EVENDOL scores and the
pediatric anesthesia emergence delirium scales were reduced at T3, T4, and Ts (P < 0.05) in group GC. Furthermore, there was a higher
rank of PACU nurses’ satisfaction in the GC group compared to the GI group (P < 0.05).

Conclusion: Based on the modified protocol, continuous sacral block provides reliable and safety analgesia for children undergoing
laparoscopic surgery, thereby improving the satisfaction of PACU nurses.
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Introduction

Effective postoperative pain management is one of key points in enhanced recovery after surgery for children. A previous
study showed that 93% of children experienced pain after the operation, and 32% of children had behavioral changes at 4
weeks after discharge; the primary risk factor of behavioral changes was postoperative pain.' Cornelius et al*> demon-
strated that 17-32% of children who underwent surgery experienced moderate-to-severe pain, which was associated with
physiological, psychological, and emotional health.® Therefore, multimodal pain management techniques are necessary
for children post-surgery. The sacral block anesthesia is a widely used technology in perioperative analgesia in children.
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Continuous sacral block has been used for urologic, lower abdominal, and lower limbs surgery.*” Due to the anatomical
variation of sacral canal, the failure rate of sacral block without any visualization technology can reach 30%.° The
application of accurate imaging technology effectively improves the success rate of the puncture. Reportedly, the
anatomical variation of the sacrococcygeal region can be found by ultrasound scanning before puncture to avoid the
occurrence of severe complications.” Another study reported two neonates with sacrococcygeal teratoma or sacral
agenesis who were successfully placed with a sacral intervertebral catheter guided by ultrasound.®

In the post-anesthesia care unit (PACU), most of the children who experienced significant pain immediately after
surgery, were taken care of by technical anesthesia nurses.” In pediatric surgical patients, postoperative pain is a major
risk factor for agitation,'® associated with the self-harm of the children and extra burden on and low satisfaction score of
PACU nurses. The effect of postoperative pain management on children can be evaluated by PACU nurses through the
EVENDOL pain scale (EPS)'" and Pediatric Anesthesia Emergence Delirium Scale (PAEDS).'? Therefore, the satisfac-
tion scores of PACU nurses could evaluate based on the emergence from anesthesia and postoperative management in
pediatric patients.

There are a few reports on the postoperative analgesic effect after ultrasound-guided sacral block in pediatric; and
there are no report on the analgesic effect and the quality of recovery from anesthesia after ultrasound-guided continuous
sacral block technique in pediatric patients. The purpose of this study, therefore, was to evaluate the anesthesia effect of
ultrasound-guided continuous sacral block after comprehensive vertebral canal scanning, and meanwhile using the
satisfaction of PACU nurses as feedback for the anesthesia strategy. Herein, we designed this prospective, randomized,
and double-blind study to compare the effectiveness of perioperative general anesthesia vs ultrasound-guided continuous
sacral block combined with general anesthesia. Thus, the present study aimed to evaluate the pain and the overall state of
the children during the recovery from anesthesia based on the pain scores and PACU nurse’s satisfaction. The secondary
purpose was to recommend the modified protocol of continuous sacral block, including a comprehensive lumbar and

sacral vertebral canal scan.

Materials and Methods

Trial Design

This study was designed as a prospective, randomized, double-blind study, approved by the institutional ethics committee
at the First Affiliated Hospital of University of Science and Technology of China, and registered on the China Clinical
Trial Registration (chictr2000031390). Written informed consent was obtained from all eligible participants’ parents.

Participants

From April 2020 to March 2022, 60 pediatric patients scheduled for laparoscopic surgery were assessed before the study.
The inclusion criteria were as follows: 1) age 0—6 years; 2) both genders; 3) American Society of Anesthesiologists
Physical Status Classification I to II; 4) voluntary participation and cooperation of children and parents. The exclusion
criteria were as follows: 1) allergy to the study drugs; 2) serious respiratory, cardiovascular, or nervous system
diseases; 3) infection of puncture site; 4) coagulation disorder; 5) severe sacrococcygeal deformity (recognized by
inspection, palpation, or imaging examinations).

Randomization

Eligible patients were randomly allocated to the GI or GC group. The continuous sacral block was performed after the
induction of general anesthesia in the GC group, and no special treatment was administered after induction in the GI
group. The allocation sequence was created by a computer-generated list. The allocation concealment was implemented
using sequentially numbered, opaque, and sealed envelopes. Block randomization was performed with a 1:1 allocation
ratio by a fixed block size.
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Anesthesia
General Anesthesia

After entering the operating room, the electrocardiogram (ECG), mean blood pressure (MBP), heart rate (HR), pulse
oxygen saturation (SpO,), end-tidal carbon dioxide partial pressure (ETCO,), and temperature were observed on the
multifunctional monitor (Spacelabs Ultraview-2700, USA). All children were administered 0.05 mg/kg midazolam, 2—
3 mg/kg propofol, 0.2-0.3 pg/kg sufentanil, and 2 mg/kg succinylcholine . Endotracheal intubation was performed after
induction of anesthesia with an appropriate-sized endotracheal tube. The ventilation parameters were adjusted to maintain
ETCO, at 35-45 mmHg. In both groups, anesthesia was maintained with continuous inhalation of sevoflurane to achieve
effective general anesthesia. Remifentanil 0.2 pg/kg/min was continuously injected in the GI group, and an equivalent
volume of saline was administered in the GC group. Cisatracurium (0.05 mg/kg) was administered intermittently as
needed during the operation. In group GC, a modified protocol of continuous sacral block was performed after the
induction of general anesthesia, while no specific treatment was administered in the GI group after the induction of
general anesthesia.

Modified Protocol of Continuous Sacral Block

The child was placed in the left lateral position with knees as close to the abdomen as possible. After sterilization of the
injection site and the surrounding area, the ultrasonic diagnostic system (Wisonic, 20162230883) was used to scan the
sacral canal by the probe (model LH15-6) with a sterile sheath on the sacrococcygeal of the children. The ultrasound
transducer was placed perpendicularly to the posterior median line to obtain a transverse view. Then, we scanned the
transverse plane from the coccyx toward the cephalad level. When the cross-sectional image of the sacral cornu was
obtained, the ultrasound probe was rotated 90° to obtain longitudinal views of the sacral canal. Then, the probe was
moved horizontally to the caudal side, and the caudal vertebra was observed; then, moving the probe horizontally to the
cephalad level would allow viewing of the S5-S1 base of the sacrum vertebra. The terminal of the non-echo dural sac was
observed through the spinous process. Subsequently, the probe was moved such as to view the sacrococcygeal ligament
in the center of the screen (Figure 1A). Then, the needle was slowly advanced with in-plane technology, and the puncture
needle body could be clearly seen moving in the tissue. The needle tip penetrating through the sacrococcygeal ligament
and entering into the sacral canal was visualized on ultrasound imaging (Figure 1B). Then, the needle core was pulled out
and the epidural catheter was placed at 1-1.5 cm depth. After confirming the absence of blood or cerebrospinal fluid,
1 mL saline was injected. Moreover, the sacrococcygeal ligament was lifted up and the liquid was spread into the hiatus
cavity in the ultrasound images (Figure 1C and 1D). 0.25% levobupivacaine was slowly injected via the epidural catheter
(<6-months-old 0.8 mL/kg and >6-months-old 1 mL/kg, up to 20 mL) at 10 min before surgery (Figure 2). Subsequently,
levobupivacaine 0.3 mg/kg/h'*'* was pumped into the sacral canal through the catheter (Video 1). If hemodynamic
changes caused by cutting or subsequent surgical procedure were observed, the block was deemed as failure, and
remifentanil (0.2 pg/kg/min) should be used. Finally, the catheter was removed at the end of the operation.

Postoperation

Postoperatively, the children in both groups were transferred to PACU, and the anesthesia nurse was mainly responsible
for the supervision and nursing during this period. After extubation, one of the family members was allowed into PACU
to accompany the child. The children were transferred to the ward 90 min after the operation. EVENDOL pain scale was
comprehensively scored from five aspects for the final grade: Vocal or verbal expression, Facial expression, Movements,
Postures, and Interaction with the environment.'' Pediatric anesthesia emergence delirium scale (Supplementary Table 1)

was comprehensively scored from five questions for the final grade: The child makes eye contact with the caregiver (not
at all/just a little/quite a bit/very much/extremely), The child’s actions are purposeful (not at all/just a little/quite a bit/
very much/extremely), The child is aware of his/her surroundings (not at all /just a little/quite a bit/very much/extremely),
The child is restless (not at all/just a little/quite a bit/very much/extremely), and The child is inconsolable (not at all/just
a little/quite a bit/very much/extremely).'> When the EPS score was >4, additional analgesia of intravenous tramadol
(1 mg/kg) was provided.
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Figure | Procedure of ultrasound-guided continuous sacral block. (A) The ultrasound image of the sacral canal between the S3 and S5 in median sagittal plane. (B) The
needle (indicated by the triangular arrow) entered the sacral canal. (C and D) The local anaesthetic spread in the sacral canal (the light blue area).
Abbreviations: S3, base of third sacrum; S4, base of fourth sacrum; S5, base of fifth sacrum; SL, sacrococcygeal ligament.

Figure 2 The back of one patient containing the catheter after continuous sacral block.

Blinding

An attending, with experienced ultrasonic technology, was responsible for sacral block and management of anesthesia.
Only the investigator who performed randomization and the attending who implemented the anesthesia were aware of the
group assignments. Other investigators, who were unaware of group allocation, performed perioperative assessments and
did the records. The data analysis was performed by an independent research staff who was not informed the group
assignment. All catheter placements were performed when the children were unconscious before the operation.
A medical patch was covered after pulling out the epidural catheters in the GC group, and the same medical patch at
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the same position was affixed in the GI group. Only the investigator responsible for randomization and the anesthesiol-
ogist who administered anesthesia were aware of the assignments.

Outcomes

The primary outcomes of the current study were the scores of EPS at 5 min after extubation (T;). The secondary
outcomes included the scores of EPS at 90 min (T4), and 4 h after the operation (Ts), the area under the curve of EPS-
time (AUCgps.ime) Which was calculated to represent a cumulative pain intensity, the scores of PAEDS at T5-Ts, the
nurses’ satisfaction score (Supplementary Table 2) at T3 and T4, and the rate of rescue analgesia. The MBP and HR were

recorded at 5 min after induction (Ty), the time of skin incision (T;), end of the operation (T;), and T;. The consumption
of remifentanil, levobupivacaine and cisatracurium during the operation were also recorded. In addition, adverse events,
such as nausea and vomiting, were also recorded postoperatively.

Statistical Analysis

According to our preliminary results, the mean =+ standard deviation (SD) EPS scores at 5 min after extubation were 2.21
+ 1.21 and 3.40 £+ 1.39 in the GC and GI groups, respectively. A minimum sample size of 27 patients was estimated for
each group, with a two-sided type I error of 0.05 and a power of 0.9. Considering a 10% dropout, 30 children were
recruited in each group. All the data were analyzed statistically using the SPSS 20.0 software. QQ-plots were used to
assess the normality of the data. The parametric data were presented as mean = SD, while the nonparametric data were
displayed as the median (interquartile range, IQR), and the categorical data were expressed as percentages. Numerical
data were compared using the independent #-test or the Mann—Whitney test depending on their distribution, and the
categorical data were compared by chi-square or Fisher’s exact test. P < 0.05 was considered statistically significant.

Results
A total of 60 pediatric patients were assessed for eligibility and randomly assigned to the GC and GI groups in this study.
One patient in group GC was excluded due to technical difficulty of catheter placement after ultrasonic scanning (Figure 3).
Therefore, 59 patients were included in the final analyses (Figure 4). No significant differences were observed in terms of
age, weight, gender composition, ASA classification, or perioperative hemodynamics between the two groups (Table 1).
As shown in Table 2, the GC group provided better analgesic effects, as indicated by lower EPS scores than the GI group at
T5_Ts. From 5 min after extubation to 4 h after surgery, the GC group had a smaller AUCgpg e than the GI group (3.55 + 0.85 vs
5.85+0.98, P < 0.001). The secondary outcomes are shown in Table 3. The GC group had lower PAEDS scores than the GI
group at T3 (2.79+1.15vs 450+ 1.50, P < 0.001), T4 (2.21 £0.98 vs 3.83 +£1.23, P < 0.001), and T5 (1.83 £0.71 vs 3.03 £ 0.89,

Cartilage——

Figure 3 The sacral hiatus was covered by cartilage.
Abbreviations: S3, base of third sacrum; S4, base of fourth sacrum; S5, base of fifth sacrum; SL, sacrococcygeal ligament.
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Assessed for eligibility (n=60)
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ultrasonic scanning
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Analysed(n=29)

Analysis

Figure 4 Flow chart of study showing the flow of patients in the trial.

y

GI group(n=30)

Analysed(n=30)

P < 0.001), while the nurses’ satisfaction scores were higher in the GC group compared to the GI group at T3 (16.24 + 1.66 vs
14.47£1.94, P=0.001) and T4 (16.14 + 1.30 vs 14.87 + 1.28, P < 0.001) in the PACU. According to this finding, 7 patients in the
GI group and 1 patient in the GC group needed tramadol in the PACU. The rate of rescue analgesia was significantly higher in the
GI group compared to the GC group (P < 0.001).

Table | General Characteristics of Participating Patients (n = 59)

GC Group (n=29) Gl Group (n=30) Zitly? P-value
Age, months 24.45 (6, 42) 22.83 (5.5, 36) 0.304 0.761
Weight, kg 12.14 + 5.65 12.27 + 5.60 0.092 0.927
Sex, n 0.031 1.000
Male 19 19
Female 10 I
ASA status, n 0.404 0.731
| 4 6
I 25 24
HR (bpm)
To 99.72 £ 1347 100.33 + 12.44 0.137 0.891
T, 94.45 £+ 11.31 95.67 + 10.98 0.395 0.693
T, 88.93 + 7.95 94.10 £ 11.51 1.420 0.156
T3 90.03 £ 7.26 96.87 £ 1191 2.102 0.156
MBP (mmHg)
To 6741 £ 749 69.17 £7.90 0.903 0.366
T, 66.31 £ 6.15 69.73 £ 8.07 1.897 0.058
T, 66.86 £ 5.59 69.10 £ 7.55 1.415 0.157
T3 67.48 £ 7.38 69.40 + 6.57 0919 0.358
Operation time, min 146.66 + 78.15 152.37 + 86.33 0.266 0.791
Remifentanil, pg 0 294.00 + 178.52 8.866 <0.001
Levobupivacaine, mg 38.14 = 19.10 0 7.077 <0.001
Cisatracurium, mg 0.86 (0, 2) 1.92 (1, 2.62) 3.998 <0.001

Notes: Ty: 5 minutes after induction; T,: the time of skin incision;

T,: the end of operation; T3: 5 minutes after extubation.
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Table 2 Comparison of the Analgesic Effects Between the Two Groups (n = 59)

GC Group (n=29) GI Group (n=30) z P-value
EPS
T3 1.93 £ .10 347 £ 1.36 4.001 <0.001
T4 1.83 £ 0.8 297 £ 0.85 4.425 <0.001
Ts 1.52 £ 0.63 2.30 £ 0.75 3.759 <0.001
Mean AUCkgps time from T3 to Ts 3.55 + 0.85 5.85 £ 0.98 <0.001

Notes: T3: 5 minutes after extubation; T4: 90 minutes after operation; Ts: 4 hours after operation.

Table 3 Other Outcomes of Patients (n = 59)

GC Group (n=29) Gl Group (n=30) z P

PAEDS

T3 279 £ 1.15 4.50 = 1.50 4.090 <0.001

T4 221 £0.978 383+ 1.23 4.541 <0.001

Ts 1.83 £ 0.71 3.03 £ 0.89 4.689 <0.001
Nurses’ satisfaction

T3 16.24 + 1.66 14.47 + 1.94 3.427 0.001

T4 16.14 + 1.30 14.87 + 1.28 3.48I <0.001
Rescue analgesia, n | 7 2211 0.027
Adverse events (n, %) | (3.44%) 2 (6.67%) 2.984 0.225

Notes: T;: 5 minutes after extubation; T4 90 minutes after operation; Ts: 4 hours after operation.

The GC group provided better analgesic effects after surgery and reduced the usage of cisatracurium [0.86 (0-2) vs
1.92 (1-2.62), P < 0.001] during the surgery. The consumption of remifentanil in group GI was 294.00 + 178.52 pg. At
same time, levobupivacaine in group GC was 38.14 + 19.10 mg. No significant differences were observed in the adverse
events between the two groups.

Discussion

In the current study, we aimed to explore the effects of the continuous sacral block on postoperative pain of children and
on the satisfaction of PACU nurses. In addition, the improvement of the procedure and its influence on the safety of
continuous sacral block were explored. The results revealed that continuous sacral block in children undergoing
laparoscopic surgery reduced the use of opioids during the operation and improved the satisfaction of PACU nurses.
Furthermore, the modified protocol of continuous sacral block detected the anatomical abnormalities of the lumbar and
sacral vertebral canal in advance, observed the puncture needle path in real-time, and determined the depth of catheter
placement to ensure the safety of process.

The connective tissue in the children’s epidural space was loose, and the diffusion range of drugs was large. Thus, by
using a reasonable drug, the anesthesia plane of the sacral block could reach T4, which can safely and effectively meet
the analgesic needs of children’s intracardiac, abdominal, pelvic, and perineal surgery.'” '’ The current study used
laparoscopic enteric and urological surgeries. No statistically significant difference was observed in the changes in blood
pressure and heart rate between the two groups during T, T,. Thus, we speculated that the sacral block could provide an
analgesic effect similar to that caused by opioids and alleviate intraoperative pain. Previous studies have shown that
epidural analgesia was an acceptable method for postoperative analgesia for newborns, infants, and children while
reducing the use of systemic opioids and avoiding opioid-related adverse reactions.'®'? In this study, the use of opioids in
group GC was less than that in group GI but provided an effective postoperative analgesia. The decrease in rescue
analgesia reduced the occurrence of postoperative nausea and vomiting caused by opioids in children. Patient, surgery,
and anesthesia factors contribute to risk and degree of postoperative nausea and vomiting experienced.”’ There was no
significant differences in the adverse events between the two groups. We have speculated it might be two reasons. Firstly,
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the operations were not last as long which cannot gave rise to opioids retention. Secondly, nausea, defined as a feeling of
sickness with an inclination to vomit, is difficult to diagnose in an infant or nonverbal child.? Some potential nausea may
be underestimated. However, although there was no statistical significance in adverse events, the group GC provided
better analgesic effects which was more beneficial for children. Nonetheless, the use of muscle relaxants in group GC
was less than that in group GI; the muscle relaxation effect was caused by continuous sacral block.

Since the sacrum of children has not been completely ossified, the sacrum and sacral canal structure could be imaged
by ultrasound compared to that of adults. Thus, in the current trial, the lumbar and sacral vertebral canals were scanned
comprehensively before the continuous sacral block. One child in our study did not undergo continuous sacral block due
to the identification of abnormal dissection in advance. In a previous study,”’ the out-of-plane technique did not take
complete advantage of ultrasound in children. Herein, we used the technique of in-plane needle insertion. Beyond that,
some children had the sacral anatomical abnormality resulting in difficulty or failure of puncture in previous studies,***’
and the dural sac can be terminated on the S3 or lower level.?**> Therefore, according to the modified protocol of
continuous sacral block, the terminal position of the dural sac, the sacral fissure structure, and the injected drug spread
could be observed in real-time by ultrasound; together, these features reduced the incidence of puncture failure, dural sac
injury, or total spinal anesthesia.

The PACU nurses, as medical personnel with professional knowledge and skills, were an integral part of perioperative
medical care. As a link between anesthesiologists and patients’ families, they could provide continuous care to patients in
PACU and evaluate the changes in the condition of patients from a professional point of view. The PACU nurses’
satisfaction criteria were based on the number of additional interventions that needed to be implemented. The more
appropriate anesthesia strategy had been taken, the less additional intervention was needed in the PACU for children.

Previous studies had a simple scoring,?®%’

which was not ascribed to specific items. In the current study, the satisfaction
of PACU nurses was comprehensively scored from five aspects for the final grade: length of the stage of analepsia time,
pacification, alertness, airway intervention, and pain. The scores included almost every aspect of PACU nurses’
monitoring and intervention of the children, which reflected the appropriateness of preoperative and intraoperative
anesthesia strategies from another perspective. The scores could be used as feedback for the anesthesiologists and had
significance in the evaluation of the anesthesia strategy. A multifaceted evaluation was conducive to the improvement of
anesthesia strategy by anesthesiologists. Moreover, crying and delirium caused by pain in children could increase the
noise level in PACU; the noise level might reduce nurses’ mood swings of nurses.”® Patients in hospitals with better
nurse work environments were less likely to be admitted to an intensive care unit and less likely to die.?’ In this study, the
satisfaction score of PACU nurses in group GC was higher than that in group GI. This finding indicated that general
anesthesia combined with continuous sacral block provided effective intraoperative and postoperative analgesia and
appeased the children, reduced the intervention measures in PACU, and improved the satisfaction of PACU nurses.

Nevertheless, the present study has several limitations. First, it was a single-center study. The results and conclusions
of our trial need to be confirmed by multi-center trials. Second, we did not observe and record the duration of the
continuous sacral block. This observation has been incorporated into our next continuous sacral block research project.
Third, we did not follow up in the long term to assess the behavioral and psychological changes in children.

Conclusion

In conclusion, the continuous sacral block in children undergoing laparoscopic surgery could provide postoperative
analgesia, reduce intraoperative and postoperative opioid medication and improve PACU nurses’ satisfaction. Also, our
modified protocol of continuous sacral canal block guided by ultrasound ensured the safety of the procedure.

Abbreviations

PACU, post-anesthesia care unit; ASA, American Society of anesthesiologists; ECG, electrocardiogram; MBP, mean
blood pressure; HR, heart rate; SpO,, pulse oxygen saturation; ETCO,, end-expiratory carbon dioxide; EPS, EVENDOL
pain scale; PAEDS, pediatric anesthesia emergence delirium scale; AUC, area under the curve; SL, sacrococcygeal
ligaments.
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