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Background and Objective: Pectus excavatum is a common congenital chest wall abnormality 
characterized by a concave appearance of the chest, and minimally invasive repair of pectus excavatum 
(MIRPE) is the surgical treatment of choice. A rapidly growing field of research is pain management in 
children undergoing MIRPE, with many shifts in practice occurring over the last decade. The primary 
objectives of this narrative review are to describe current methods of perioperative pain management and the 
development of enhanced recovery after surgery (ERAS) to improve the experience of patients undergoing 
MIRPE.
Methods: Recent literature was found using the PubMed database using combinations of keywords: pectus 
excavatum, pediatric, pain management, minimally invasive repair of pectus excavatum (MIRPE), and 
enhanced recovery after surgery (ERAS). Literature search was conducted by the authorship team and an 
independent, certified librarian. Articles published in English from 2010–2024 were the focus of our review; 
however, older literature was included when appropriate. 
Key Content and Findings: Perioperative pain management for patients undergoing MIRPE continues 
to evolve and improve patient outcomes. While evidence supports the use of more traditional analgesia, such 
as opioid-based or epidural analgesia, it also supports the trend toward contemporary multimodal pain control 
via pre-, intra-, and post-operative strategies including opioid-sparing analgesics, intercostal nerve cryoablation 
(INC), intercostal nerve blocks (INBs), and single or continuous infusion regional anesthesia techniques. 
Conclusions: Patients undergoing surgical repair of pectus excavatum benefit from the use of 
contemporary pain control techniques discussed in this review, with a growing body of literature supporting 
the use of INC, regional pain blocks and multimodal analgesia. Additionally, ERAS pathways and 
institutional protocols are discussed that are currently transforming postoperative MIRPE pain management 
and are being implemented widely.
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Introduction 

Pectus excavatum is the most common congenital chest wall 
deformity, affecting 1 in 400 births (1,2), and is characterized 
by a concave depression of the anterior chest wall (3). Pectus 
excavatum can be associated with significant psychosocial 
and clinical implications including cardiac and pulmonary 
compression, restrictive lung physiology, and significant 
body image concerns (2). The traditional open technique 
for repair of pectus excavatum, often called the modified 
Ravitch procedure, involves the subperichondrial resection 
of the affected costal cartilages and transverse osteotomy of 
the sternum in order to reshape the chest. This technique has 
largely been replaced with the minimally invasive repair of 
pectus excavatum (MIRPE), often called the Nuss procedure, 
which involves placing a substernal curved metal bar under 
thoracoscopic guidance without disrupting the sternum or 
rib attachments (2,4). While this technique uses smaller 
incisions and avoids the tissue disruption and scar formation 
associated with the open approach, it is perhaps the only 
minimally invasive operation that may result in increased 
postoperative pain than its open counterpart. This is 
thought to be due to the acute stretching of the intercostal 
nerves and chest wall, with prolonged mechanical loading of 
the chest wall by the substernal bar, until bone and cartilage 
remodeling occurs (5,6).

Effective postoperative pain management is crucial for 
not only improving patient comfort but also for facilitating 
earlier mobilization, shortening hospital length of stay 
(LOS), and reducing complications such as atelectasis or 
pneumonia (7). Traditionally, patient-controlled analgesia 
(PCA) and thoracic epidural analgesia (TEA)—techniques 
previously employed for open repair—were utilized for 
pain management after MIRPE. However, growing clinical 
experience with MIRPE revealed that these analgesia 
approaches were suboptimal given the degree and duration 
of postoperative pain with MIRPE. With the ongoing 
opioid epidemic, modern practice has emphasized targeted 
therapies and non-opioid pain medications. The majority 
of pain following MIRPE stems from the intercostal 
nerves. Local analgesia targeting these nerves has been 
the mainstay of management, including TEA, intercostal 
nerve cryoablation (INC), intercostal nerve blocks (INBs), 
and regional nerve catheter techniques (8-14). Enhanced 
recovery after surgery (ERAS) pathways have been 
implemented successfully after MIRPE (15-17) focusing 
on multimodal pain management to address physical and 
psychological pain and distress after surgery (18). ERAS is 

a patient-centered approach that employs strategies to help 
patients recover effectively from surgery by implementing 
steps such as early ambulation, oral intake, and removal of 
urinary catheters.

Overall, pain management techniques vary across 
institutions and there are limited randomized controlled 
trials and a lack of consensus for optimal technique 
following repair. This review aims to evaluate contemporary 
and historic pain management after MIRPE and provide 
an overview of the outcomes, advantages, limitations, 
and efficacy of various modalities. Through synthesizing 
current evidence and clinical experience, this article seeks 
to inform best practices on perioperative pain management 
for MIRPE. We present this article in accordance with the 
Narrative Review reporting checklist (available at https://
tp.amegroups.com/article/view/10.21037/tp-24-339/rc).

Methods

This manuscript is a narrative review of the current 
literature on perioperative pain management surrounding 
MIRPE. Table 1 summarizes our search strategy which 
examines the study, analysis, and discussion of previously 
published journal articles specific to the perioperative pain 
management of pectus excavatum in pediatric patients. 
Our focus was on recent literature over the past 15 years, 
2010–2024, however, additional studies were included when 
appropriate. Published material was found through the 
PubMed® (National Center for Biotechnology Information, 
United States National Library of Medicine, National 
Institutes of Health) database using combinations of the 
keywords: pectus excavatum, pediatric, pain management, 
minimally invasive repair of pectus excavatum (MIRPE), 
and enhanced recovery after surgery (ERAS). The initial 
and secondary searches were performed by the authors, and 
a certified librarian performed an additional search. The 
articles were then examined for relevancy and the references 
were also reviewed for additional citations. Only articles 
published or available in English were included. Case 
reports were only included when discussing first reported 
use or rare complications. The importance of the articles 
was based on the level of evidence. The authors evaluated 
each article and decided on article inclusion after analysis.

Considerations of perioperative pain 
management

Perioperative pain control after MIRPE is challenging 

https://tp.amegroups.com/article/view/10.21037/tp-24-339/rc
https://tp.amegroups.com/article/view/10.21037/tp-24-339/rc
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given that pain management can be affected by a multitude 
of factors. With a shift to minimally invasive repair, patients 
experience pain disproportionate to their incision sizes from 
the instantaneous and extreme reshaping of their chest wall 
during the procedure. In addition, as the bony chest wall 
is not fractured or otherwise disrupted, the substernal bar 
placed during MIRPE exerts a significant and prolonged 
upward force on the chest wall, until remodeling of the chest 
wall occurs. Persistent postoperative pain is not uncommon 
and contributes to extended lengths of stay and increased 
postoperative opioid consumption (19,20). Inadequate pain 
control can have lasting negative consequences including 
pain memory, behavioral disorders, and chronic pain. 
Another consideration is that pain measurements are largely 
obtained through pain scoring which is a subjective measure 
and dependent on patient self-report. The current pain 
scales used in recent literature are the Visual Analog Scale 
(VAS) Pain Scale, the Faces Pain Scale-Revised, and the 
Numeric Rating Scale (14,19,21-26). This is an area where 
better tools may need to be developed to more accurately 
measure pain in the pediatric population (20). Pediatric 
pain evaluations should include functional assessments of 
movement (moving in bed, sitting up, walking, etc.) and PO 
(per os or by mouth) intake.

Additionally, pain pathways are complex. There has 
been a shift towards preventive analgesia, which blocks pain 
inputs prior to incision, to mitigate central sensitization 
of pain contributing to chronic pain. Given the current 
opioid epidemic, efforts have been made to decrease opioid 
dependence and associated hyperalgesia. Thus, a focus on 
multimodal analgesia has been emphasized to counter over-

reliance on opioids. Multimodal pain management allows 
for lower doses of individual drugs, reducing side effects, 
but preserving overall efficacy. The goal of this practice is 
to reduce the chance of central sensitization, optimize pain 
control, and avoid the adverse effects of opioid overuse. 
Applications of this have been shown to be effective for 
several surgical procedures, including MIRPE (27-29). 
Multimodal analgesia strategies involve a combination of 
regional anesthesia, local infiltration anesthetic, and non-
opioid systemic analgesic adjuvants over opioids (30,31). 
These regimens have become increasingly standardized, 
becoming a part of the ERAS pathways. We will be 
discussing each of these analgesic modalities, including 
epidurals, PCA, regional blocks, and additional analgesic 
adjuncts, as well as describing current efforts in standardized 
pain protocols and their efficacies. 

Multimodal pain management

TEA and epidural catheters

Thoracic epidural catheters deliver local anesthetics and 
other analgesics into the thoracic epidural space, providing 
effective pain relief by targeting intercostal nerves. 
Historically, thoracic epidurals were the gold standard 
and most effective means of controlling pain after pectus 
excavatum repair (9,11,32-36). However, the benefits are 
not without risks as epidurals are associated with rare 
but serious complications including epidural hematoma, 
infection, and rare neurological paraplegias. In addition, 
epidurals have been shown to result in more calls to 

Table 1 The search strategy summary

Items Specification

Date of search Initial search was conducted on April 25th, 2024. A secondary search was conducted on June 20th, 
2024. A librarian search was conducted on July 18th, 2024 

Databases PubMed

Search terms Pectus excavatum, pediatric, pain management, minimally invasive repair of pectus excavatum 
(MIRPE), enhanced recovery after surgery (ERAS)

Timeframe Focused on articles 2010–2024, additional studies included for relevance

Inclusion and exclusion criteria Included randomized control trials, clinical trials, meta-analyses, cohort studies, and book chapters

Excluded articles not available in English or most case reports. Some case reports were included to 
discuss first reported use or rare complications

Selection process Initial and secondary searches were conducted by authors, additional search was conducted by a 
librarian. The final list was compiled and refined by the authors
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anesthesia providers, longer operative times, greater hospital 
charges, higher rates of infection, respiratory depression, 
hypotension, and greater urinary retention (6,26,36-39). 
Permanent neurological complications are very uncommon 
in children with only a few reported pediatric cases (40), 
but have a reported risk of around 0.04–0.07% in the adult 
population (41,42). Although epidurals are sufficient for 
pain management after MIRPE in some patients, a cohort 
study of 203 patients found that 65 of 188 patients who 
received epidural catheters had inadequate pain control (43). 
Many retrospective studies found epidurals to be inferior to 
newer analgesic modalities, either in analgesic effect or side 
effect profile, such as PCAs or regional pain blocks (6,44-51). 
Despite mixed study outcomes comparing epidurals and 
PCA for pain management after MIRPE (22,26,34), a 2014 
survey of 108 pediatric hospitals in North America, Europe, 
Australia, and Asia showed that the majority of (91%) 
hospitals utilized thoracic epidurals with only 27% using 
concomitant PCA after MIRPE (6). Given the evolution of 
postoperative MIRPE pain management, TEA has become 
the control comparison in multiple cohort studies and 
referenced in a systematic review, which will be discussed 
later. While newer methods may have improved efficacy for 
pain control, indications for epidurals are still warranted, 
given patient factors, resource availability, and provider 
familiarity.

PCA

PCA allows patients to self-administer predetermined doses 
of analgesics providing personalized pain management 
tailored to the patients’ needs. PCAs have been used in 
place of or in addition to TEA after MIRPE. Studies 
looking at safety and efficacy outcomes have been mixed 
when compared to regional analgesia. 

A cohort study showed that PCA compared to TEA 
decreased time to oral opioid transition, reduced postoperative 
opioid consumption, urinary catheterizations, and shortened 
hospital stays (52). However, a systematic review and meta-
analysis from 2014 as well as several recent smaller reviews 
found that PCA may be less effective in relieving pain and 
reducing opioid use compared to epidural analgesia and 
nerve blocks (14,22,26,34,35,43,53). Additional concerns 
with PCA include respiratory depression, nausea, and 
vomiting associated with systemic opioid use, although 
select studies report similar rates of nausea and sedation 
between epidural analgesia and PCA (34,35). With this in 
mind, in comparison to TEA, many regard PCA as superior 

given that it is non-invasive, has low complication rates, 
and is more cost-effective (44). As multimodal regimens are 
being increasingly implemented, PCA, while not the sole 
mode of analgesia, remains an adjunct that has been utilized 
to achieve adequate pain control.

INC

The application of INC, as shown in Figure 1, in the 
Nuss procedure has revolutionized perioperative pain 
management since its first reported use in MIRPE in 
2016, although historically it had been used since 1974 
to prevent post-thoracotomy pain (54,55). Cryoablation 
induces Wallerian degeneration of nerve axons using 
extreme cold temperatures with a cryoprobe, halting pain 
transmission for approximately 4 to 6 weeks until the axons 
regenerate, with a recent study showing recovery from  
3–6 months or longer (8,56,57). For MIRPE, cryoablation 
is typically performed for intercostal nerves 3–7 bilaterally. 
Keller and colleagues in 2016 were the first to utilize 
INC after the Food and Drug Administration (FDA) 
approved the first commercially available cryoablation 
probe in 2015. Its intended use was for temporary ablation 
of peripheral nerves. Keller et al. looked at its effects on 
postoperative analgesia compared to TEA through a multi-
institutional review and found that it reduced hospital LOS 
from 3.73 to 1.88 days, and decreased intravenous narcotic 
use from 119.8 to 49.03 mg. The results were so promising 
that they reported eliminating the use of epidurals from 
their practice (58). Since 2016, there have been many 
studies highlighting the benefits of cryoablation including 
improved pain control, reduction of LOS, and minimized 
opioid requirement postoperatively (7-9,57-59) compared 
to TEA and regional catheters. In 2019, Graves and colleagues 
performed one of the first prospective randomized clinical 
trials looking at INC, which was consistent with Keller et al.’s 
findings that INC patients had decreased LOS (5 to 3 days), 
less inpatient opioid consumption (mean decrease of 416 
MME) compared to TEA patients with equivalent pain control 
and no difference in adverse effects (8). Daemen et al. later on 
in 2020 incorporated this and 4 other observational studies 
as a systematic review and meta-analysis examining INC 
to thoracic epidurals after MIRPE, which found that INC 
was associated with reduced hospital LOS and decreased 
hospital opioid use (8,9,58,60,61). Additional studies found 
a reduction in complications such as ileus (8,9,62,63) and 
noted fewer risks related to sensory and motor function 
impairment in the lower limbs, reduced urinary retention, 
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and reduced infection compared to TEA (61,64).
The primary risk of concern has been the reported 

incidences of postoperative neuropathic pain, primarily in 
adult patients. Zobel et al. (65) conducted a multicenter 
study of patients undergoing INC with MIRPE from 
2015–2018, using a validated questionnaire for detecting 
neuropathic  symptoms.  Among pat ients  over 21, 
however, 3 of 13 experienced neuropathic pain. Among 
patients under 21 years of age, zero patients experienced 
neuropathic pain (65). While neuropathic pain is a possible 
complication of INC, incidence in the pediatric population 
is lower, but should still be monitored postoperatively. 
Another consideration of the procedure is the cost of 
the cryoablation probe and equipment, as shown in 
Figure 1A-1C. The device studied most in the MIRPE 
population in the US is the Cryosphere device (Atricure, 
Inc., Mason, OH, USA), a disposable probe that is FDA-
approved for patients 12 years of age and older. Also to 
note, there have been some studies that show increased 
operative times compared to other modalities, consistent 
with the time needed to perform cryoablation during the 
procedure (for the current generation Cryosphere+ device, 
it requires 90 seconds per nerve). However, despite an 
average increase in operating room time of 78 minutes, 
in a retrospective study, Aiken and colleagues (66) found 
that bilateral INC was associated with decreased resource 
utilization due to shorter hospital stay, with no effect on 

readmission rates. Additional manufactures, such as the 
Cryo-S Painless device with cryoprobe A-30/PEA/R/RF 
(Metrum Cryoflex, Blizne Laszczyn-skiego, Stare Babice, 
Poland), Cardioblate CryoFlex Surgical Ablation Console 
(Medtronic Inc., Minneapolis, MN, USA), and others, have 
created cheaper alternatives that have also been studied with 
similar results of shorter LOS and decreased postoperative 
opioid requirements (67) as well as shown that decreasing 
application time to 60 seconds from 120 seconds did not 
change pain control (68).

Another concern for INC is the risk of inadvertent lung 
injury from the cryoprobe as it is cooling. Once the probe is 
engaged in its desired location, the ablation cycle is started 
and once complete the probe is warmed to allow release from 
the area without traction (58). Thus, there is limited mobility 
of the cryoprobe during the ablation cycle, which if not able 
to create adequate exposure, can result in cryoinjury to the 
lung. In order to reduce this complication, lung isolation 
and controlled deflation are important in providing adequate 
exposure during INC. Many surgeons when performing 
INC have now opted for double-lumen endotracheal tube 
intubation to achieve this lung isolation (69).

Finally, a key limitation of INC is the delay in effect, as 
the axonal degeneration can take 12–24 hours to complete 
after INC. Thus, there has been shown to be a shift in 
opioid use to earlier in the admission period, with some 
studies noting up to 24 hours until the full effect of INC 

Figure 1 INC for MIRPE. (A) Cryoablation probe (Cryosphere+) and probe tip with white strip indicating the region of freezing;  
(B) thoracoscopic application of the INC probe onto the intercostal nerve during MIRPE. (C) Cryoablation machine with liquid nitrogen 
(ArtiCure Inc., Mason, OH, USA). INC, intercostal nerve cryoablation; MIRPE, minimally invasive repair of pectus excavatum.

A

B
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(7,60). One small prospective study by Velayos et al. in 
2023 (70) examined this delay in analgesic effect comparing 
INC at the time of surgery or 48 hours before surgery and 
found that preoperative INC was associated with a lower 
number of continuous PCA use, rescue boluses, VAS pain 
scores, and lower median LOS. However, performing early 
preoperative INC involves an additional procedure with 
added anesthetic induction and duration (71). Additional 
studies to maximize the efficacy of cryoablation have 
included further study of the intercostal nerve by Talsma 
et al. in 2023, which found that the collateral branch of 
the intercostal nerve travels below the rib as opposed to 

the other two branches: the lateral cutaneous and anterior 
cutaneous branches. This has led to changes in technique 
and development of technology that target all three 
branches as well (72). Future research would benefit from 
additional multi-center, prospective randomized control 
trials to help us evaluate the efficacy and limitations of 
INC, as well as identify strategies to bridge the early 
postoperative analgesia gap after INC. While this need 
can be fulfilled with systemic opioids (i.e., PCA), growing 
evidence supports the use of regional blocks as an effective 
opioid-sparing method to bridge this gap. 

Regional plane blocks: single or continuous infusion

Regional plane blocks have been shown to be an effective 
modality in pain management for MIRPE, either as a 
single dose or continuous infusion. These blocks include 
thoracoscopic or ultrasound-guided percutaneous INBs, 
serratus anterior plane blocks (SAPBs), paravertebral nerve 
blocks (PVBs), and erector spinae plane blocks (ESPBs), 
some of which are shown in Figures 2,3.

INB is the infiltration of local anesthetic (short or 
long-acting) directly into the plane between the parietal 
pleura and the intercostal muscles. This is performed 
at each intercostal level, usually levels 3 through 7 on 
each side, and can be performed via a trans-thoracic 
approach (Figure 2), or an external percutaneous approach. 
INB has been shown to result in lower central nervous 
system depression, reduced opioid use, and improved 
pulmonary mechanics (24,73). In a prospective randomized 
study by Luo et al. in 2017, pediatric patients with INB 
had decreased pain scores in the first 6 hours, decreased 
opioid use in the first 24 hours, and faster discharge 
compared to patients who received PCAs with a lower 
incidence of analgesia-associated side effects (14). This 
was further supported by a 2022 randomized, double-blind 
control trial by Ma et al., which found lower pain scores at 
postoperative days 1–3 and decreased opioid use 48 hours 
postoperatively in those receiving PCA and INB compared 
to PCA alone (74). There is limited literature in pediatric 
MIRPE comparing INB to other regional blocks. However, 
in a 2021 systematic review of adults undergoing thoracic 
surgery, INB was found to be associated with a reduction 
in pain in the first 24 hours after surgery and equivalent 
to TEA but was marginally inferior to PVB (12). While 
there are some studies supporting its benefits, further 
studies comparing INB to regional plane blocks in pediatric 
MIRPE will help us understand the best settings for the use 

Figure 2 TINBs for MIRPE. (A) TINB needle with sheath;  
(B) intraoperative injection of local anesthetic agent in MIRPE. 
TINB, thoracoscopic intercostal nerve block; MIRPE, minimally 
invasive repair of pectus excavatum.
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Figure 3 Location of regional pain blocks. Eso, esophagus; Az, 
azygus vein; TD, thoracic duct; Ao, aorta.
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of INB. 
SAPBs are single or continuous regional pain blocks 

administered through an extrathoracic catheter, targeting 
T2 to T9 intercostal nerves traversing through the serratus 
anterior plane. Benefits of SAPB include extrathoracic 
administration without the need for a thoracoscopic 
approach, single-lung ventilation, and additional equipment 
and instrumentation. There have been limited studies 
showing its benefit; however, a single-center retrospective 
study in 2024 by Ka et al. revealed that it is superior to 
intravenous PCA and subcutaneous local anesthetic with 
significantly lower pain levels and lower morphine milligram 
equivalents (MMEs) at 72 hours postoperative (75). Another 
pending study by He and colleagues is looking to evaluate 
the effect of SAPB compared to PVB with a prospective, 
randomized, double-blind non-inferiority trial (76). Further 
studies like these will continue to help clinicians tailor 
postoperative pain management after MIRPE.

Compared to INBs and SAPBs, PVBs and ESPBs apply 
local anesthetic more proximally at the dorsal and ventral 
aspects of the spinal nerve as it emerges from the spine, 
as shown in Figure 3. These techniques are designed to 
block the nerve proximal to any peripheral branches, thus 
providing a denser and wider sensory block. A systematic 
review in 2020 on postoperative pain control following 
pectus repair concluded that opioid use decreased in 75% of 
studies evaluating PVB and INB compared to PCA (19,25). 
Chen et al. in 2023 also found that PVB reduced the hospital 
LOS and decreased postoperative nausea and vomiting 
compared to thoracic epidurals, indicating that although 
nerve blocks are not as efficacious for pain management 
compared to epidurals, they may lead to fewer side effects 
(45-48). While the 2021 review by Guerra-Londono et al. (12)  
found that PVB may be marginally superior to INB in the 
setting of adult thoracic surgery, there is again limited data 
directly comparing these blocks in pediatric MIRPE, however, 
recently there has been new literature comparing PVB to INC. 
In 2023, Zeineddin et al. found that PVB had longer LOS, 
higher hospital costs, and increased opioid use compared 
to INC with a minimal decrease in operating time (average 
of 9 minutes) (77). While not as effective as INC in direct 
comparison, research on the efficacy of PVB compared 
to other modalities is limited to institutional cohort 
studies with inherent risk for bias and lacking prospectives 
randomized control trials. However, the current evidence 
does suggest that PVB may be indicated given its benefits 
compared to historic regimens and may be utilized as an 
adjunct to INC.

Finally, ESPBs are single or continuous regional pain 
blocks that deliver local anesthetics to the paraspinal fascial 
plane between the erector spinae muscle and the thoracic 
transverse processes targeting the dorsal and ventral rami 
for analgesia of the lateral, anterior, and posterior thoracic 
walls, seen in Figure 3 (10). Since Nardiello and Herlitz first 
used ESPBs for the Nuss procedure with reported success 
in 2018 (78), ESPBs have been utilized as the primary 
modality for postoperative chest surgery pain management 
as well as a bridge until the full effect of INC is achieved. 
A number of cohort studies have found that patients 
undergoing surgery for pectus excavatum who received 
these were faster to achieve pain relief, stop opioid use, 
and reach independent physical activity and rehabilitation 
compared to those that received TEA without any ESPB-
related complications (71,79), providing evidence that ESPB 
can be a safe alternative to TEA. In a systematic review by 
Chen et al. in 2023, they found a reduction in hospital LOS 
and decreased postoperative nausea and vomiting compared 
to TEA (45,49-51). However, this review was limited due 
to small number of studies with no randomized control 
trials. Additionally, ESPBs were also shown to be an 
effective adjunct with INC compared to INC alone (80). 
Although promising as a pain management modality 
with some literature in adult thoracic surgery finding 
similar efficacy with PVB and fewer side effects, such 
as hypotension (81), there is still limited literature on 
the comparison of ESPBs with other regional blocks in 
pediatric MIRPE outside of institutional cohort studies. 
Future research will be important in further establishing 
ESPB as an effective postoperative pain management 
modality for pediatric MIRPE. 

With the implementation of these regional pain blocks, 
another avenue of interest has been the composition of 
the local anesthetic agent administered. The half-life of 
local anesthetics is relatively short and may not provide 
durable pain coverage after surgery. Thus, there has been 
expansion into looking at a mixture of traditional local 
anesthetics with adjuvants such as epinephrine, clonidine, 
nonsteroidal  anti- inflammatory drugs (NSAIDs), 
corticosteroids, and more to help prolong the duration of 
analgesia, either to address post-MIRPE pain definitively, 
or to serve as a bridge until INC onset. Multiple of these 
adjuvants have been utilized and shown effective in prolonging 
analgesic duration in peripheral nerve blocks (82). Bhatnagar 
et al. in 2006 found that the addition of clonidine to PVB 
lowered pain scores at multiple time points in patients 
undergoing thoracotomy (83). However, it has more 
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recently been of interest in the setting of regional pain 
blocks in MIRPE given the increased use of INC and 
the need for additional adjuncts within the first 24 to 
48 hours. In 2024, Li and colleagues found the use of a 
cocktail of dexamethasone, sodium bicarbonate, magnesium 
sulfate, dexmedetomidine, methylprednisolone, and 
ropivacaine to be more effective in analgesia after discharge 
compared to traditional pain block cocktails with fewer 
analgesic-related adverse events (84). While promising, 
further studies regarding these adjuncts in regional plane 
blocks need to be explored to better understand their 
implications in MIRPE pain management. 

Additional treatment adjuncts

In addition to many of these treatments, many patients are 
given non-opioid multimodal oral and intravenous analgesic 
medications, including but not limited to acetaminophen, 
NSAIDs, magnesium, alpha-2 agonists, N-methyl-D-
aspartate (NMDA) receptor antagonists, gabapentinoids, 
glucocorticoids/corticosteroids, anti-anxiolytics, and 
anesthetics (i.e., ketamine) (30). To combat some side 
effects associated with narcotic use, patients are often given 
a standard bowel regimen and naloxone (85,86). 

More recently, methadone has begun to be introduced 
into multimodal analgesic methods. As a long-acting 
opioid with a half-life of 24 to 36 hours, it is an effective 
adjunct after surgery and a bridge for INC. Singhal et al. 
in 2016 (87) sought to evaluate its use in MIRPE and found 
that a single intraoperative dose of methadone was shown 
to reduce total opioid use, time with uncontrolled pain, 
and LOS compared to epidural with general anesthesia and 
multimodal analgesia without any significant difference in 
adverse events. Sadhasivam et al. in 2021 looked further into 
methadone treatment in pediatrics, specifically studying 
dosage-dependent effects with multiple small perioperative 
methadone doses, and found it resulted in lower blood 
methadone levels that was previously associated with side 
effects, such as respiratory depression and QT interval 
prolongation, and still maintained significant opioid-
sparing analgesia (88). With the implementation of INC, 
a more recent study in 2024 looked at its use with INC to 
bridge the time until its onset and found a trend towards 
improved pain control within the first 24 hours after 
Nuss procedure (13). While its use in perioperative pain 
management continues to expand, not only in MIRPE but 
in other fields as well (89,90), larger randomized trials are 
needed to elucidate its efficacy.

Finally, local subcutaneous injections at sites of surgery/
chest tubes are widely used. However, its benefits may not 
be as profound as other pain management modalities given 
that the pain is due to the stretching of the intercostals 
that is not incisional in nature. With little drawback and as 
part of the standard of care, local subcutaneous analgesia at 
surgical sites is routinely performed.

ERAS

Given MIRPE’s unique considerations in pain management, 
an increasing number of centers are implementing ERAS 
pathways. These protocols are usually focused on three 
stages of interventions: preoperative, intraoperative, 
and postoperative, using a combination of multimodal 
agents and postoperative recovery initiatives (85,91). 
Standardization of this perioperative care has been known 
to lead to improved surgical outcomes, especially in adult 
populations (16,27,91). For example, in adults undergoing 
MIRPE, there is evidence to support the use of ERAS in 
conjunction with cryoablation compared to previous groups 
of TEAs and other continuous subcutaneous catheters. 
ERAS and cryoablation were associated with decreased 
LOS, reduction in opioid use, and lower incidence of 
opioid-related complications including constipation and 
ileus (61). Given that many institutions implemented ERAS 
pathways concurrently with cryoablation, it is difficult to 
see the effect of an ERAS pathway alone. However, it is 
evident that these pathways are effective and becoming 
increasingly accepted. Overall benefits of transitioning to 
an ERAS pathway or standardized protocol include reduced 
hospital LOS, immediate postoperative pain scores, opioid use, 
and nausea/vomiting (85) without an increase in readmissions 
or emergency room visits (16). Additional technology using 
eHealth has also enhanced some clinical pathways with at-
home monitoring (18), although generalizable benefits and 
resource utilization need to be further studied. Overall, 
the development of an ERAS pathway focus should be on 
preventative, multimodal, and patient-centered analgesia. We 
have provided a compiled list of considerations and options for 
multimodal agents at each stage for reference in Figure 4, as 
well as a list of other practice considerations as part of ERAS 
for MIRPE in Figure 5 (13,15-18,27,63,87,91-94). Through 
this review, our institution has incorporated some of these 
considerations with our institutional workflow and resources 
in mind to update our ERAS protocol after MIRPE, as 
shown in Figure 6 with the full protocol as Appendix 1. 
Given these broad considerations, we understand that this 

https://cdn.amegroups.cn/static/public/TP-24-339-Supplementary.pdf
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Figure 4 Multimodal pain considerations for each phase of enhanced recovery after surgery pathway. GI, gastrointestinal.

Figure 5 Additional practices and considerations for enhanced recovery after surgery pathway for minimally invasive repair of pectus 
excavatum.

Preoperative

• Medications (Non-opioid)

- Acetaminophen

- Gabapentin

- Diazepam/Other 

Benzodiazepine

- Celecoxib

• Intercostal Nerve Cryoablation

• Regional Pain Blocks, Singe/

Continuous Infusion

- Intercostal Nerve

- Paravertebral Nerve

- Serratus Anterior Plane

- Erector Spinae Plane

Intraoperative

• Medications (Non-opioid)

- Acetaminophen

- Ketamine

- Dexmedetomidine

- Ketorolac

- Celecoxib

- Gabapentin 

- Dexamethasone

• Medications (Opioid)

- Long-Acting: Methadone

- Short-Acting: Hydromorphone, 

Morphine, Fentanyl

• Intercostal Nerve Cryoablation

• Regional Pain Blocks, Singe/

Continuous Infusion

- Intercostal Nerve

- Paravertebral Nerve

- Serratus Anterior Plane

- Erector Spinae Plane

• Thoracic Epidural

• Local Anesthetic

Postoperative

• Medications (Non-opioid)
- Acetaminophen
- Clonidine
- Diazepam/Other 

Benzodiazepine
- Ketorolac/Ibuprofen
- GI Prophylaxis
- Gabapentin

• Medications (Opioid)
- Oxycodone
- Hydromorphone
- Morphine
- Fentanyl
- Patient Controlled Analgesia 

(PCA)
 Naloxone

• Regional Pain Blocks,  
Continuous Infusion
- Paravertebral Nerve
- Serratus Anterior Plane 
- Erector Spinae Plane

• Thoracic Epidural

 Transition to Oral Medication 
Regimen Plan

 Discharge Medication Plan

Preoperative

• Education/Counseling by 
Specialized Pain Team

• Aerobic Exercises (~1 month 
preop)

• Back/Chest Stretching 
Exercises (~1 month preop)

• Psychological Screening
• Bowel Regimen (~3 days 

preop), Bowel Prep 
• Skin Preparation 

(Chlorhexidine Wash)

Intraoperative

• Antiemetic Regimen
• Antibiotic Prophylaxis
• Thromboprophylaxis
• Intubation Plan

- Tracheal Intubation

 Single Lumen

 Double Lumen
• Anesthetic Plan
• Lines/Tubes Insertion Plan:

- Foley
- Chest Tube
- Arterial/Central Lines

Postoperative

• Antiemetic Regimen
• Bowel Regimen 
• Antibiotic Regimen
• Lab/Imaging Plan
• Lines/Tubes Maintenance Plan: 

(Early Removal)
- Foley/Urinary Retention
- Chest Tube
- Arterial/Central Lines

• Dressing Removal/ Changes
• Early Mobilization/ Physical 

Therapy Evaluation and 
Treatment

• Incentive Spirometry/ 
Respiratory Therapy Evaluation 
and Treatment

• Cold Therapy (Ice Packs)
• Pain Distraction (Computer, TV, 

Games), Music or Art Therapy
• Diet Plan (Early Oral Nutrition)
• Psychological Monitoring
• Patient/Family Discharge 

Instructions/Education
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pathway may look different in varying clinical settings due 
to resource, staffing, supply chain, and patient insurance 
limitations as well as practice patterns per individual 
institution. As more avenues of pain management are 
studied, these protocols need to be continuously updated.

With the advancement of multimodal analgesia, 
incorporation of INC, introduction of multiple regional 
pain blocks, and protocolization of perioperative pain 
management, implementation of ERAS or institutional 
protocols has significantly shortened hospital lengths of stay 
from 4–5 days as described by Nuss and Kelly in 2010 (38) 
to now same-day discharge in 2022 by Rettig et al. (95,96) 
and in 2023 by Akinboro et al. (97), as well as decreased 
opioid use without additional increases in the cost of 
hospital stay (65). Since the development of the Nuss 
procedure in 1987 (4), all of these advancements in 
perioperative pain management have revolutionized the 
postoperative course for patients undergoing MIRPE.

Conclusions

While the unique breadth and duration of postoperative 
pain after MIRPE presents a particular challenge, the 
anatomic advantage of accessible segmental nerve supply to 
the affected area has created an opportunity for innovation 
in regional pain management techniques. Contemporary 
cornerstones of pain management after MIRPE include 
INC, regional nerve block techniques, and multimodal 
opioid-sparing strategies. ERAS pathways and institutional 
protocols are now becoming increasingly popular and 
transforming postoperative MIRPE pain management. 
Future research should be focused on randomized control 
trials on the comparison of these multimodal agents, large 
scale prospective studies regarding standardized protocols 
and their long-term outcomes, and improved methods of 
assessing pain, with the aim to continue improving overall 
patient outcomes and experience after MIRPE.

Figure 6 Incorporation of considerations into institutional ERAS pathway. PRN, as needed; POD, postoperative day; ERAS, enhanced 
recovery after surgery.

Preoperative

• Education/Counseling by 
Specialized Pain Team

• Cognitive Behavioral Pain 
Management Skills Education

• Skin Preparation 
(Chlorhexidine Wash)

Intraoperative

• Antiemetic Regimen

• Antibiotic Prophylaxis

• Thromboprophylaxis as needed

• Intubation Plan

- Double Lumen Endotracheal 

Intubation

• Foley Removal at End of Case

• Medications (Non-opioid)

- Acetaminophen

- Ketorolac (if appropriate)

• Medications (Opioid)

- Long-Acting: Methadone

- Short-Acting: Hydromorphone, 

Morphine, Fentanyl (PRN)

• Intercostal Nerve Cryoablation 

(T3-7 Bilaterally)

• Thoracoscopic Intercostal Nerve 

Blocks (T3-7 Bilaterally; 0.25% 

bupivacaine with clonidine)

• Local Anesthetic

Postoperative

• Antiemetic Regimen

• Bowel Regimen 

• No Labs (unless indicated)

• Chest Radiography/Other 

Imaging (Immediate Postop and 

POD1 AM, otherwise PRN)

• Early Mobilization/ Physical 

Therapy Evaluation and 

Treatment

• Incentive Spirometry/ 

Respiratory Therapy Evaluation 

and Treatment

• Cold Therapy (Ice Packs)

• Medications (Non-opioid)

- Acetaminophen

- Diazepam (PRN for spasms)

- Ketorolac /Ibuprofen (if 

appropriate) 

• Medications (Opioid)

- Morphine/Oxycodone (PRN)

- Patient Controlled Analgesia 

(Morphine) (only if there are 

issues, discontinue POD1)

• Diet Plan (Early Oral Nutrition 

POD0)

• Transition to Oral Medication 

Regimen on POD0-1

• Patient/Family Discharge 

Instructions/Education
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