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Objective: To retrospectively analyze the effect of applying an ultrasound-guided bilateral erector spine plane block (ESPB) after the Nuss procedure for surgical repair of pectus excavatum (PE) in children.



Methods: The subjects of the study were patients with severe PE who received the Nuss procedure in our hospital between 1 January 2019 and 30 November 2021. According to different methods for postoperative pain management, the enrolled patients were divided into two groups, the ultrasound-guided ESPB group and the thoracic epidural analgesia (TEA) group. The primary outcome of this study was analgesic drug dosage and the secondary outcome was numerical rating scales (NRSs) between the two groups.



Results: There was no significant difference between the two groups in terms of demographic, preoperative clinical evaluation, or surgical characteristics (P > 0.05). The catheter duration in the TEA group was significantly shorter than that in the ESPB group (P < 0.05), while the hospitalization time in the ESPB group was significantly shorter than that in the TEA group (P < 0.05). In terms of oral morphine equivalent comparison, the required dose of the TEA group was lower than that of the ESPB group on the 1st and 2nd day after the operation (P < 0.05), and there was no statistical difference between the two groups on the 3rd and 4th day after the operation (P > 0.05). The number of patients with an S-NRS ≥ 7 and D-NRS ≥ 7 in the TEA group at day 1 was lower than that in the ESPB group (P < 0.05). There was no significant difference between the two groups at other time points (P > 0.05),



Conclusion: An ultrasound-guided ESPB used in Nuss surgery for children with funnel chest can provide good analgesia for surgery and shorten the postoperative rehabilitation and hospitalization time of patients. It is a safe and effective alternative to TEA.
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1. Introduction

Pectus excavatum (PE) is the most common congenital chest wall abnormality, with an incidence of 1/400 children (1). PE is more common in men than in women, with a ratio of 5:1 (2). It is characterized by anterior chest wall depression caused by a dorsal deviation of the sternum and the third to seventh ribs or costal cartilage (3). At present, the modified Ravitch procedure and the Nuss procedure are two commonly used surgical methods for the repair of PE (4, 5). The modified Ravitch surgery is highly invasive, causing great damage to the pectoralis major and rectus abdominis muscles of children, and involves the resection of malformed cartilage, resulting in higher postoperative pain scores and serious complications (6). The Nuss procedure is a minimally invasive thoracoscopic technique that does not require cartilage resection or osteotomy (7). However, after the placement of pectus bars for the surgical correction of the sternum, the costovertebral joint dislocation will also induce severe postoperative pain. The erector spine plane block (ESPB) has been used for postoperative pain control after thoracic and abdominal surgery, with a good local analgesic effect (8). Moreover, under ultrasound guidance, the catheter can be placed during surgery and used for the next few days (9). This study employed a new and safe ESPB with good pain relief effects after the Nuss procedure, which is reported as follows.



2. General data and methods


2.1. Research design and methods

A retrospective analysis was conducted on the clinical data of patients with severe PE who received the Nuss procedure in our hospital between 1 January 2019 and 30 November 2021. All patients underwent the Nuss procedure and postoperative pain management with ESPB or thoracic epidural analgesia (TEA). The patient data were as follows: clinical details (severity of the CT Haller index, preoperative symptom complaints, presence of scoliosis, normal and abnormal echocardiogram, ECG and/or pulmonary function test), postoperative analgesic drug dosage, numerical rating scale (NRS) results, and length of hospital stay (LOS) (10, 11). The general data of all patients showed comparability, and this study was reviewed and approved by the Medical Ethics Committee of our hospital (2022-KY008-015).

The inclusion criteria of eligible patients are described as follows: patients with a CT Haller index ≥3.2, worsened chest wall deformity over time, dyspnea with exercise intolerance, negative body image, uncommon results of echocardiogram, and an electrocardiogram and/or pulmonary function examination with an abnormal lung volume (Figure 1).
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FIGURE 1
Flowchart to select the study population.




2.2. Operation methods

All children strictly abstained from food and water before surgery. After entering the room, venous access was established and the physiological indices of the children were routinely detected. Propofol and remifentanil were used for anesthesia induction.


2.2.1. Erector pine plane block

During general anesthesia, the patients were provided with the placement of a bilateral single-injection ESPB catheter from head-to-toe under ultrasound guidance, and the tip of the catheter was located at the dermatomere level where there was the biggest depression in the sternum (usually T5–T6), and the level at which injection was performed was determined by a clear identification of the erector spinae muscle above the transverse process. Conduit tunneling was employed to minimize leakage. For each catheter, 15–20 mL 0.25% bupivacaine was generally used for infusion (total dose of <0.5 mg/kg), followed by an infusion of 0.2% ropivacaine from 6 mL/h (the maximum limit, 0.25 mg/kg/h/catheter). A continuous infusion of ropivacaine was performed for 5–7 days after the operation. Inpatients were infused via the CADD® electronic pump and continued to be infused with a portable pump device (ON-Q pump, Avanos Medical) after discharge until it was instructed to stop and withdraw. When the patients complained of pain (NRS < 7) or a body temperature >38.5°C, acetaminophen and ibuprofen were given alternately every 3 h. The patients were also given oxycodone (0.1 mg/kg or 5 mg at the maximum dose) when the NRS ≥ 7 and were orally administered diazepam for managing anxiety and/or relaxing the muscles.



2.2.2. Thoracic epidural analgesia

The epidural catheter was placed in patients under general anesthesia, and the tip of the catheter was located in the skin with the largest defect. The catheter was used to infuse local anesthetics intraoperatively; then, 0.2% ropivacaine and 2–5 μg/mL hydromorphone were used as epidural analgesics, which were titrated to the basal rate of sufficient clinical effect. Ibuprofen and acetaminophen were used in combination with opioids or muscle relaxants to relieve penetrating pain similar to that of the ESPB group.

Acetaminophen and ibuprofen were administered alternately every 3 h, depending on the child's pain.




2.3. Data analysis

Oral opioid and doses: names of any oral and intravenous opioid administered, times for administration, and opioid doses were collected. The use of oral morphine equivalent (OME) was analyzed and compared between the two groups, including “total OME” and “OME per hour,” and the conversion rates of other anesthesia drugs and OME were calculated: Oxycodone 1:1.5 OME; Methadone 1:2 OME; Epidural Hydromorphone [where the total amount is the total daily volume (milliliters) multiplied by the hydromorphone concentration] 1:15 OME; IV Hydromorphone 1:15 OME; IV Morphine 1:3 OME; IV Fentanyl 100 (μg):20 (mg) OME.

The NRS was used to score on a scale of 0–10, with 0 representing no pain and 10 representing severe pain. Resting state NRS (S-NRS) and dynamic NRS (D-NRS) at light cough were assessed in all children.

SPSS 20.0 was used for all statistical analyses. The continuous variable data between the two groups were compared by using the independent sample t-test. The categorical variable data were expressed as percentage and tested by using the χ2 test. A score of P < 0.05 was considered statistically significant.




3. Results


3.1. Demographic and surgical characteristics of patients in the two groups

Before propensity score matching, significant differences were found in the parameters of age, body weight, and BMI between the two groups (P < 0.05), and baseline characteristics were not comparable. After matching propensity score, there was no statistically significant difference in demography between the two groups (P > 0.05), indicating comparability (Table 1). Before propensity score matching, there were differences in the total OR time and length of hospital stay between the two groups. After propensity score matching, the duration of analgesic catheterization in the TEA group was shorter than that in the ESPB group (P < 0.05), and the length of hospital stay in the ESPB group was significantly shorter than that in the TEA group (P < 0.05; Table 2).


TABLE 1 Demographic characteristics of patients.
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TABLE 2 Operative and postoperative data.
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3.2. Comparison of NRS scores between the two groups

The number of patients with S-NRS ≥ 7 and D-NRS ≥ 7 in TEA at day 1 were less than those in ESPB group (P < 0.05), and there was no significant difference between the two groups at other time points (P < 0.05; Table 3).


TABLE 3 Comparison of NRS scores (≥7) between groups.
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3.3. Comparison of analgesic dose between the two groups

On OME, the dose required by TEA was lower than that of the ESPB group on day 1 and 2 after surgery, and there was no difference between the two groups on day 3 and 4 after surgery (P < 0.05; Figures 2, 3).


[image: Figure 2]
FIGURE 2
The results of OME of different times.
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FIGURE 3
The results of OME per hour of different times. TEA, thoracic epidural analgesia; ESPB, erector spinae plane block.





4. Discussion

Postoperative analgesia is a difficult challenge in patients undergoing Nuss surgery for infundibular chest wall malformation, especially in the pediatric patient population (12). Analgesic therapy in children is largely single agent and intermittent, although very helpful when given (13). The pain experienced by children constantly requires special daily attention from health professionals aimed at mitigating the components of intractable pain and resolving those of treatable pain and to measure and implement strategies that prevent the dysfunction that causes pain (14). Therapeutic anesthesia generally includes patient-controlled intravenous analgesia, TEA, paravertebral block (PVB), a subcutaneous catheter for infusion, and cryoanalgesia (15–18). TEA or cryoanalgesia has been the primary option for postoperative analgesia in many treatment centers. However, TEA is suitable only for inpatients undergoing surgery, and is accompanied by a low risk of catastrophic nerve injury. Commonly, it requires the placement of the Foley catheter and may prolong the patients' LOS in the hospital due to the difficulty in transition from epidural analgesia (19, 20). Meanwhile, cryoanalgesia requires an additional port for placement, which may prolong the operation time and may cause nerve injury, leading to neuropathic pain (21).

The Nuss procedure has been recognized to be a minimally invasive thoracoscopic technique. Nevertheless, according to multiple studies, the perioperative pain of the Nuss procedure is equivalent to or even more severe than that of traditional surgery (22, 23). Although it is widely recognized that analgesia is of great significance and exercises great influence on the operation and postoperative rehabilitation of patients, there is controversy about the best technique and program of postoperative analgesia (24). TEA has been considered the gold standard for postoperative pain relief for many years. Owing to potential severe postoperative pain, TEA has been widely used to provide analgesia for patients undergoing repair surgery for PE (25). Despite good postoperative analgesia, TEA may still have risks of hypotension, infection, epidural hematoma, etc. According to a recent report, a less-invasive trunk block (e.g., PVB and ESPB) has been successfully applied for pain relief in this procedure (26). Nardiello and Herlitz showed that the application of ultrasound-guided ESPB in postoperative analgesia in children with pectinus excavatus can reduce the use of opioids and shorten the intensive care unit stay time (27). Currently, few studies have compared ESPB with standard intravenous analgesia in the analgesic treatment after PE surgery.

In our study, there was no significant difference in demographic, preoperative clinical evaluation, or surgical characteristics between the two groups (P > 0.05). In comparison with perioperative characteristics, the catheter duration in the TEA group was significantly shorter than that in the ESPB group (P < 0.05), while the length of hospital stay in the ESPB group was significantly shorter than that in the TEA group (P < 0.05). As for OME, the dose required in the TEA group was lower than that in the ESPB group on day 1 and day 2 after the operation, yet without any difference between the groups on day 3 and day 4 after the operation. The ESPB group did receive higher doses of opioids in the first 72 h after surgery, which could be due to several factors. The maximum anesthetic dose may be achieved by bilateral catheter infusion (6 mL/h) below the vertical spinal plane. Anatomical differences between the erector ridge plane and the epidural space may also lead to changes in the diffusion level of local anesthesia. Forer et al. reported that local anesthetics were diffused along the paravertebral region from the T5 erector ridge block, and the expansion of the diffusion area led to an increase in anesthetic use (28). In the same way, the diffused anesthetics provide good coverage of the Nuss operation and improve analgesia. In addition, epidural opioid delivery may differ in efficacy from systemic opioid delivery (29). The relatively shallow injection site reduces the risk of nerve damage, and patients have a lower risk of complications such as pneumothorax and hematoma. Compared with TEA, ESPB can achieve better analgesia in a shorter hospital stay and shorten the length of patient stay. Although patients occasionally complained of mild discomfort at the catheter outlet in the clinic, the catheter and covering dressing were generally well tolerated. After discharge, patients and their families can also easily remove these catheters at home, saving additional clinic visits. This study was limited to a single cohort center with a small sample size, and further multicohort studies are needed to present relevant conclusions.

Significantly, ESPB has several advantages. First, it avoids the risk of nerve injury caused by other methods of regional analgesia and can be applied in the outpatient department continuously as it has no relationship with hemodynamic fluctuation or respiratory damage. Second, compared with TEA, ESPB can help achieve excellent pain relief in a shorter LOS in the hospital. Third, it helps avoid the difficulty of transitioning from TEA to other forms of pain management. During TEA, there is a need for frequent and long-term use of the Foley catheter, which, however, can be withdrawn or completely avoided immediately after surgery. In clinical practice, patients occasionally complain of slight discomfort at the exit of the catheter. However, generally it is found that patients have good tolerance to the catheter and covering dressing. In addition, after discharge, patients and their families can voluntarily remove these catheters at home easily and conveniently, thus saving additional outpatient visits.

Finally, the limitations of this study may be related to the study design. As a retrospective cohort study, our research failed to provide reliable data on postoperative pain symptoms and/or pain medication use in outpatients. Consequently, it was only possible to measure the use of postoperative opioids during the postoperative period of inpatients in the TEA and ESPB groups. Further statistical analysis was invalid on the data of remaining inpatients. In addition, this was a single-center cohort study with a smaller sample size. Hence, the relevant findings in our research remain to be verified through a multicenter cohort study in the future.

In conclusion, ultrasound-guided ESPBs are a safe and effective alternative to TEA, which reduce pain after Nuss surgery in children with pectinus excavata and also reduce hospital stay for postoperative rehabilitation.
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Parameter

Before matching

TEA (n=57)

EPSB (n=49)

After
TEA (n= 35)

matching

EPSB (n=35)

Age (years) 118 (1.8) 95 (24) 112 (1.7) 102 (2.1)
Gender (male, N) 53 (93.0%) 43 (878%) 0173 28 (80%) 32 (91.4%) o111
Patient weight (kg) 58.1 (14.3) 55.2 (10.6) 0.005 554 (123) 561 (9.7) 0412
BMI 209 (23) 196 (20) 0127 198 (26) 203 (29) 0572
ASA 0179 0129
1 44 (77.2%) 39 (79.6%) 31 (88.6%) 33 (94.3%)
i 13 (22.8%) 10 (20.4%) 4(11.4%) 2 (5.7%)
CT pectus index 83 (26) 149 (2.6) 0.001 45 (15) 203 29) <0001
Scoliosis 13 (228%) 8 (16.3%) 0139 3 (86%) 6 (17.1%) 0.163
Preop. ECHO 0.004 0587
Normal 21 (36.8%) 13 (26.5) 15 (42.9%) 11 (31.4%)
Abnormal 15 (26.3%) 8 (16.3%) 4 (11.4%) 6 (17.1%)
Not obtained 21 (36.8%) 28 (57.1%) 16 (45.7%) 18 (51.4%)
Preop. EKG 0.062 0.468
Normal 15 (263%) 20 (35.1%) 11 (314%) 12 (343%)
Abnormal 13 (22.8%) 14 (28.6%) 6 (17.1%) 5 (14.3%)
Preop. PFT 0127 0251
Normal 16 (28.1%) 13 (26.5%) 10 (286%) 9 (25.7%)
Abnormal 18 (31.6%) 15 (30.1%) 9 (25.7%) 9 (25.7%)
Not obtained 23 (40.4%) 21 (429%) 16 (45.7%) 17 (48.6%)

Values presented are mean (SD) or N (%).
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