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Objective: Pectus excavatum (PE) repair is burdened by severe postoperative pain. This retrospective study aimed to determine whether the anal-

gesic effect of ultrasound-guided erector spinae plane block (ESPB) plus standard intravenous analgesia (SIVA) might be superior to SIVA alone

in pain control after PE surgical repair via Ravitch or Nuss technique.

Design: A retrospective cohort study.

Setting: At a university hospital.

Participants: All participants were scheduled for surgical repair of PE.

Interventions: From January 2017 to December 2019, all patients who received ESPB plus SIVA or SIVA alone were investigated retrospec-

tively. A 2:1 propensity-score matching analysis considering preoperative variables was used to compare analgesia efficacy in 2 groups. All

patients received a 24-hour continuous infusion of tramadol, 0.1 mg/kg/h, and ketorolac, 0.05 mg/kg/h, via elastomeric pump, and morphine,

2 mg, intravenously as a rescue drug. The ESPB group received preoperative bilateral ESPB block. Postoperative pain, reported using a numeri-

cal rating scale at 1, 12, 24, and 48 hours after surgery; the number of required rescue doses; total postoperative morphine milligram equivalents

consumption; and the incidence of postoperative nausea and vomit were analyzed.

Measurement and Main Results: A total of 105 patients were identified for analysis. Propensity-score matching resulted in 38 patients in the

SIVA group and 19 patients in the ESPB group. Postoperative pain, the number of rescue doses, and postoperative nausea and vomit incidences

were lower in the ESPB group (p < 0.005).

Conclusions: Erector spinae plane block may be an effective option for pain management after surgical repair of PE as part of a multimodal

approach. This study showed good perioperative analgesia, opioid sparing, and reduced opioid-related adverse effects.

� 2022 Elsevier Inc. All rights reserved.
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PECTUS EXCAVATUM (PE) is the most common chest

wall congenital abnormality, affecting approximately 1 in 400

children. Pectus excavatum is more common among men, in a

ratio of 5:1. Pectus excavatum is characterized by a depression

of the anterior chest wall as a result of dorsal deviation of the
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sternum and of the third-to-seventh ribs or costal cartilage.1

The 2 surgical techniques mainly used for PE correction are

the modified Ravitch procedure and the Nuss procedure (Fig

1).2 The Ravitch procedure is an open technique performed

through a single 4-cm skin incision on the midline of the chest

at the deepest point of depression of the chondrosternal defor-

mity, and placement of a metal bar stabilizer. Postoperative

pain is considerable due to the dissection of the pectoralis

major and rectus abdominis muscles, resection of deformed

cartilages, and a transverse wedge sternal osteotomy. The

Nuss procedure does not require cartilage resection or osteot-

omy, and consists of placement of �1 bars behind the sternum

through smaller lateral incisions using a video-assisted thora-

coscopic technique. Nevertheless, the dislocation of costover-

tebral joints after the forceful repositioning of the sternum

through bar placement also can lead to intense postoperative

pain.3 Even though the Nuss procedure is a minimally invasive

thoracoscopic technique, several studies have shown that the

perioperative pain was comparable to, or even worse than,
Fig. 1. (A) The Nuss procedure involving bar placement behind the sternum under t

and laterally stabilized to the ribcage. (C) The Ravitch procedure involving anterior
open repair procedures.4,5 This is likely due to stress on the

ribs and sternum, as well as strain on the costal cartilage

caused by forcing the sternum into normal alignment.6

Although adequate pain management is paramount to

encourage early mobilization and facilitate deep breathing,7

controversy exists on the best technique for postoperative pain

management.3,8 Thoracic epidural analgesia (TEA) has been

considered the gold standard for years, and has been widely

applied to provide analgesia for patients undergoing a PE

repair surgery procedure because of the potential for severe

postoperative pain.9,10 Although TEA provides good postoper-

ative pain relief, there are risks being considered, such as

hypotension, infection, and epidural hematoma. There are

recent reports of less-invasive truncal blocks, such as paraver-

tebral block (PVB) and erector spinae plane block (ESPB),

being used successfully for pain relief for this surgery.11-16

The ultrasound-guided ESPB, an interfascial block first

described in 2016 for thoracic neuropathic pain treatment,17 has

been successfully employed in previous case reports for
horacoscopic vision. (B) The bar is turned over to elevate the sternal depression

excision of costal cartilage attachments along the sternum.



Fig. 2. (A) Illustration of erector spinae plane block performed with needle

insertion in-plane. (B) Ultrasound image of erector spinae plane block perfor-

mance with needle insertion in-plane. ESPB, erector spinae plane block; PVS,

paravertebral space; TP, transverse process.

S. Fiorelli et al. / Journal of Cardiothoracic and Vascular Anesthesia 36 (2022) 4327�4332 4329
postoperative pain management in patients undergoing surgical

repair of PE via Ravitch and Nuss procedures.18-22 Currently,

no studies have compared ESPB to the standard intravenous

analgesia in postoperative pain management after PE surgery.

This retrospective study aimed to determine whether the

analgesic effect of preoperative single-shot ESPB plus stan-

dard intravenous analgesia (SIVA) might be superior to stan-

dard intravenous analgesia alone in pain control after PE

surgical repair via Ravitch or Nuss technique.

Methods

The study was approved by the Bioethics Committee (No.

5641_2019). From January 1, 2017, to December 31, 2019,

patients who underwent surgical repair of PE via Ravitch or

Nuss technique were investigated retrospectively. Patients

who received standard analgesia were matched to those who

received ESP block at a 2:1 ratio using propensity-score

matching analysis. This matching was used to obtain groups of

patients corresponding to the 2 analgesic modalities that were

balanced according to potential confounding baseline varia-

bles, including age, sex, body mass index, Haller Index

(derived from dividing the transverse diameter of the chest by

the anterior-posterior diameter on a simple computed tomogra-

phy scan),23 surgical procedure type, and operative time.

Patients in the ESPB group received bilateral, ultrasound-

guided ESPB performed by the anesthesiologist 20 minutes

before the induction of general anesthesia.17 This procedure

was performed with the patient in a sitting position using a

high-frequency (11-13 MHz) linear transducer (MyLab 30

Gold; Esaote, Genoa, Italy). The tip of the T5 transverse pro-

cess and the erector spinae muscle were identified in longitudi-

nal parasagittal orientation 3 cm lateral to the midline. Using

the aseptic technique, a 10-cm 21-gauge block needle (Arrow

UltraQuik Echogenic PNB Needle; Teleflex Medical, Mark-

ham, Ontario, Canada) was inserted in-plane to the ultrasound

beam in a cranial-to-caudal direction to contact the tip of the

T5 transverse process (Fig 2). After hydrodissection with

2 mL of the saline solution, 20 mL of 0.5% ropivacaine were

injected. The procedure was performed bilaterally, with a total

amount of 40 mL of 0.5% ropivacaine injected.

Anesthesia was induced intravenously using propofol (2 mg/

kg), fentanyl (2 mg/kg), ketamine (0.3 mg/kg), and rocuro-

nium bromide (0.6 mg/kg); the maintenance of general anes-

thesia was achieved with desflurane (minimum alveolar

concentration�1) and the continuous infusion of remifentanil

using a target-controlled infusion system in effect-site target

mode with an Alaris PK Syringe Pump (Minto pharmacoki-

netic set; Becton, Dickinson and Co, Franklin Lakes, NJ). The

target concentration of remifentanil was titrated according to

each patient’s hemodynamic changes and surgical conditions

(target remifentanil concentrations range from 1-4 ng/mL).

Paracetamol (1,000 mg) and morphine (0.07 mg/kg) were

administered 30 minutes before the end of surgery.

At the end of surgery, all patients received, as standard post-

operative analgesia, a 24-hour continuous infusion of tramadol

(0.1 mg/kg/h) and ketorolac (0.05 mg/kg/h) by elastomeric
pump (2 mL/h), and the administration of paracetamol (1,000

mg) intravenously every 6 hours (kg/h). A rescue drug (intra-

venous morphine, 2 mg) at a dosing interval of 60 minutes was

administered if the numerical rating scale (NRS) score at rest

was >3 and the patient demanded additional analgesia.

Data collected from the electronic medical records system

included the following: demographic data, surgical procedure,

operative time, surgical approach, perioperative pain manage-

ment, postoperative levels of pain reported using an NRS at 1,

12, 24, and 48 hours after surgery, the number of required res-

cue doses, total postoperative opioids consumption converted

to morphine milligram equivalents, the incidences of postoper-

ative nausea and vomit episodes, and the length of stay. Major

cardiac or hemodynamic events (eg, cardiac or vascular inju-

ries and intraoperative arrhythmias) also were recorded.

The Shapiro-Wilk test was used to assess the normality of dis-

tributions. The mean values and SD were determined by Student

t-test for each quantitative variable. Fisher exact test was applied

for qualitative variables. The Mann-Whitney U-test was used

when the distribution was nonnormal. The data were analyzed

using the SPSS v.26.0 software (IBM Corp, Armonk, NY).
Results

The retrospective review identified 105 relevant records of

patients who underwent surgical repair of PE from January



Fig. 3. Flow diagram of the study. BMI, body mass index; ESPB, erector spi-

nae plane block; PE, pectus excavatum; SIVA, standard intravenous analgesia.

Table 2

Number of Required Rescue Drug, Total Postoperative MME Consumption,

and PONV Episodes for the ESPB Group and the SIVA Group

Parameter ESPB group (n = 19) SIVA group (n = 38) p Value

Rescue drug, n˚ 1 § 0.81 1.60 § 1.20 0.037

MME, mg 17.67 § 2.56 20.44 § 3.49 0.003

PONV, n˚ 0.26 § 0.45 0.76 § 0.88 0.007

*p value by Student t-test or Fisher exact test, as appropriate. The data are

expressed as mean § SD (95% CI).

Abbreviations: ESPB, erector spinae plane block; MME, morphine milligram

equivalents; NRS, numerical rating scale; PONV, postoperative nausea and

vomiting; SIVA, standard intravenous analgesia.

Fig. 4. Perioperative pain scores. *<0.001, 95% CI error bars. ESPB, erector

spinae plane block; NRS, numerical rating scale; SIVA, standard intravenous

analgesia; t, time.
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2017 to December 2019. Seventy-seven patients received

SIVA, and 28 patients received SIVA plus ESPB. These

patients were matched successfully on a 2:1 basis based on

predetermined confounders and baseline characteristics,

including 38 patients in the SIVA group and 19 patients in the

ESPB group (Fig 3). Matched patients from both groups

showed similar baseline characteristics (Table 1).

Levels of pain at 1, 12, and 24 hours after surgery; the num-

ber of rescue doses; total postoperative opioid consumption

(the sum of infusion and administered rescue analgesic dose)

converted to morphine milligram equivalents consumption;

and the incidences of postoperative nausea and vomit were

lower in the ESPB group (respectively p < 0.001, p < 0.001,

p < 0.001, p = 0.037, and p = 0.003), as shown in Table 2 and

Figure 4. No adverse block-related events were reported in the

ESPB group.
Table 1

Patient Characteristics After Propensity-Score Matching; The Data are

Expressed as Mean § SD or Number of Patients

Parameter ESPB (n = 19) SIVA (n = 38) p Value

Sex, M/F 17/2 34/4 0.604

Age, y 22.89 § 3.26 25.87 § 7.13 0.524

BMI, kg/m2 20.47 § 4.24 21.24 § 2.44 0.449

ASA

I

II

10

9

20

18

0.575

Haller Index 3.30 § 3.05 3.40 § 1.45 0.639

Scheduled surgery

Nuss procedure

Ravitch procedure

12

7

28

10

0.243

Anesthesia duration, min 126.75 § 17.89 126.84 § 17.89 0.652

Surgery duration, min 95.53 § 23.20 98.16 § 32.88 0.959

Length of stay, d 5.59 § 1.58 5.63 § 1.10 0.501

Abbreviations: ASA, American Society of Anesthesiologists; BMI, body mass

index; ESPB, erector spinae plane block; SIVA, standard intravenous

analgesia.

*p value by Student t-test or Fisher exact test, as appropriate.
The degree of acute postoperative pain was classified as

mild-moderate pain (NRS score 1-6) and severe pain (NRS

Score 7-10) (Table 3). No patients in the ESPB group experi-

enced severe postoperative pain (NRS score >7), versus 13

(34%) patients in the SIVA group (p = 0.004).

Considering all patients of both groups, no differences were

found in summary postoperative NRS and number of required

rescue doses in patients submitted to the Ravitch or Nuss pro-

cedure (2.53 § 1.55 v 2.52 § 1.58, p = 0.96; 1.35 § 1.09 v

1.47 § 1.17, p = 0.72). No major cardiac or hemodynamic

events were reported.
Discussion

Several anesthetic techniques and postoperative pain man-

agement strategies have been used over the years for patients
Table 3

Acute Postoperative Pain Classified According to Severity in the ESPB and

SIVA Groups

Pain, n (%) ESPB group (n = 19) SIVA group (n = 38) p Value

Mild-moderate 19 (100) 25 (66) 0.004

Severe 0 (0) 13 (34) 0.004

Results are expressed as number of patients and percentage. Mild-moderate

pain is considered having an NRS score 1-to-6, and severe pain is considered

having an NRS score 7-to-10.

Abbreviations: ESPB, erector spinae plane block; NRS, numerical rating

scale; SIVA, standard intravenous analgesia.
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undergoing PE surgery. Erector spinae plane block has been

demonstrated to be more effective than SIVA alone for pain

management after PE surgery, and also can contribute to

reducing postoperative opioid requirements and opioid-related

adverse effects. Although ESPB has been employed success-

fully in case reports for postoperative pain management in

patients submitted to surgical repair of PE via the Ravitch and

Nuss procedures,18-21 to the authors’ knowledge, this was the

first study comparing postoperative analgesia between ESPB

and SIVA after PE surgery.

Nardiello et al. first reported in 2018 2 cases of adolescents,

one diagnosed with PE and the other one with pectus carina-

tum, undergoing reconstructive surgery in which a bilateral

single-shot ESPB was performed successfully as an analgesic

technique without long-term opioid use.19 Three cases of adult

patients who underwent PE surgical repair via the Ravitch

technique, managed with bilateral ESPB with adequate pain

control and very low opioid requirement during the postopera-

tive period, were reported recently by the authors’ group.18

Yoshizaki et al. described effective bilateral ESPB employ-

ment in a pediatric patient submitted to surgical repair of PE

via the Nuss procedure, placing catheters and using a pro-

grammed intermittent bolus technique for perioperative anal-

gesia.20 The successful use of continuous ESPB for PE repair

via the Ravitch procedure also was reported in 2 adult patients

with complex medical histories in whom TEA placement was

either contraindicated or unsuccessful.21 A recent study

showed that ESPB is a safe and effective alternative to TEA in

postoperative pain management after the Nuss procedure,

resulting in decreased length of hospital stay.24

Erector spinae plane block can be feasible also in patients

with altered back anatomy, prior spine procedures, or defor-

mity that represent common conditions in patients with PE and

in whom TEA placement cannot be done safely.22,25 Continu-

ous bilateral ESP catheters were placed effectively in a pediat-

ric patient who previously had posterior spinal fusion and

submitted to the Ravitch procedure.22

Additionally, although TEA has been considered the gold

standard in postoperative pain management after thoracic and

PE surgery for years, increasing evidence has suggested that

less-invasive peripheral analgesic techniques are equally effec-

tive in pain management.11-16,26 Regional blocks are also

favored because of their reduced rates of complications, such

as epidural hematoma and extensive sympathetic block.27 In

addition, spinal cord injury with long-term or permanent neu-

rologic complications after TEA for PE surgery also has been

reported.28 Because the surgical repair of PE is performed in

some patients for cosmetic reasons, several institutions no lon-

ger recommend TEA as an option for PE repair due to the

above-mentioned risks.12 Conversely, ultrasound-guided

regional blocks decrease the risk of neurologic damage and

pneumothorax in comparison to other techniques.29

In postthoracic surgery pain management, ESPB is per-

formed in the posterior thoracic region homolateral to the site

of the intervention at the level of the T5 transverse process,

representing the ultrasound marker of the block.20,21 Erector

spinae plane block is easy and safe to perform because of the
ultrasound-guided method and the absence of vascular and

nerve structures near the injection site. A T5-level block pro-

vides analgesia of both the anterolateral thoracic wall and axil-

lary region. When ESPB is performed at the T5 level with

20 mL of anesthetic injected, cadaveric studies have demon-

strated the spreading of anesthetics in the cranial-caudal sense

(C7-T8), along the fascia of the erector spinae muscle, and in

the anteroposterior sense, with block of the thoracic spinal

nerve roots.17 The local anesthetic distribution is similar

between ESPB and PVB. They both diffuse anteriorly through

the costotransverse foramen, and seem to follow the vessels

and dorsal rami of spinal nerves into the adjacent paravertebral

and intercostal spaces. This causes potential blocking of not

only the ventral and dorsal rami of spinal nerves, but also the

rami communicantes-containing sympathetic.30,31 In addition

to sensory block, ESPB also can involve the sympathetic

chain, like PVB, thoracic sympathetic chain.15 Toward the

anterior cutaneous branch region, where sternal nerve supply

extends from the second to sixth intercostal nerve, a partial

sternal dermatomal coverage also has been suggested.17,32-34

This study had some limitations. First, due to the observa-

tional and retrospective nature, the conclusions of this study

may have been limited by potential errors in data collection

and documentation. Although using propensity-score matching

may have reduced the risk of bias and improved the validity of

the authors’ analysis, selection bias was not completely elimi-

nated. Thus, a prospective randomized trial would be desirable

in order to confirm these results and to evaluate several aspects

of postoperative pain using dedicated and validated question-

naires or scales.

Second, the small sample size and the reduced number of

patients who received ESPB represent another relevant study

limitation. Third, in this study, the authors assessed postopera-

tive pain after surgical repair, including 2 different techniques

(Nuss and Ravitch procedures). Fourth, after block execution,

an assessment of the extent of the sensory block was not per-

formed. Finally, although no adverse block-related events

were reported in this study, due to the large volume of anes-

thetic, it should be remembered that there is a risk of local

anesthetic systemic toxicity with the ESPB for PE surgery.

This toxicity is secondary to systemic absorption, similar to

that seen with intercostal nerve blocks or other volume-depen-

dent fascial blocks.35 Further studies are needed to evaluate

the systemic absorption of local anesthetic after ESPB.
Conclusions

In conclusion, this retrospective study suggested that ESPB

could be a safe and valuable strategy for pain management

after the surgical repair of PE via the Nuss or Ravitch techni-

ques as part of a multimodal approach. The combination of

this technique was demonstrated to be superior to systemic

analgesia alone and may help assure good perioperative pain

management with limited postoperative opioid consumption

and consequent reduced opioid-related adverse effects.
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