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Background and Objective: Pectus excavatum is the most common congenital chest wall anomaly,
the hallmark of which is the caved-in appearance of the anterior chest. A growing body of literature exists
surrounding methods of surgical correction, though considerable variability in management remains. The
primary objectives of this review are to outline the current practices surrounding the care of pediatric
patients with pectus excavatum and present emerging trends in the field that continue to impact the care of
these patients.

Methods: Published material in English was identified utilizing the PubMed database using multiple
combinations of the keywords: pectus excavatum, pediatric, management, complications, minimally invasive
repair of pectus excavatum, MIRPE, surgery, repair, and vacuum bell. Articles from 2000-2022 were
emphasized, though older literature was included when historically relevant.

Key Content and Findings: This review highlights contemporary management principles of pectus
excavatum in the pediatric population, comprising preoperative evaluation, surgical and non-surgical
treatment, postoperative considerations including pain control, and monitoring strategies.

Conclusions: In addition to providing an overview of pectus excavatum management, this review
highlights areas that remain controversial including the physiologic effects of the deformity and the optimal
surgical approach, which invite future research efforts. This review also features updated content on non-
invasive monitoring and treatment approaches such as three-dimensional (3D) scanning and vacuum bell
therapy, which may alter the treatment landscape for pectus excavatum in order to reduce radiation exposure

and invasive procedures when able.
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Introduction

Pectus excavatum is the most common congenital chest wall
deformity, with an incidence of 1/400 births (0.25%) (1).
Though a definite pathologic mechanism has not been

established, disproportionate overgrowth of costal

cartilages, histopathologic changes of collagen content in
costal cartilages, and abnormal posterior tethering of the
diaphragm to the sternum may be contributing factors (2).
The defect may also be asymmetric, which is often
associated with sternal rotation and concomitant scoliosis.
Family history of chest wall deformity and connective
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Table 1 The search strategy summary
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Iltems Specification

Date of search

The first search was conducted on 3/1/2022. The second search was conducted on 7/20/2022.

The last search was conducted on 12/5/2022

Databases and other sources searched PubMed

Search terms used

Pectus excavatum, pediatric, management, complications, minimally invasive repair of pectus

excavatum, MIRPE, pectus bar removal, surgery, repair, cardiopulmonary, and vacuum bell

Timeframe

Inclusion and exclusion criteria
and book chapters

Selection process

Emphasis on 2000-2022, older studies included when historically relevant

Included English language review articles, clinical trials, randomized control trials, meta analyses,

Initial search conducted by librarian, authors later refined and added additional references when

all authors agreed on relevance

tissue disorders such as Marfan’s syndrome in up to 5%
of patients are additional factors associated with pectus
excavatum (3). Pectus excavatum is usually well-tolerated
in younger children; however, symptoms such as pain
in the affected costal cartilages, exercise intolerance and
shortness of breath may develop as the deformity often
worsens with rapid vertical growth during adolescence.
The decision to treat is ultimately guided by the patient’s
perception of cosmetic discomfort and supported by
measures such as severity index and markers of physiologic
compromise (4). A surge in referrals for pectus excavatum
repair has facilitated large-scale clinical analyses that
have led to modified treatment strategies and technical
improvements to enhance patient safety. This review
addresses components of pectus excavatum management,
including preoperative considerations, surgical and non-
surgical techniques, postoperative pain control, and patient
monitoring strategies, with emphasis on novel or emerging
approaches when relevant. We also highlight various
contemporary modifications in procedure techniques
including pectus bar configuration, treatment strategies and
practice patterns that have sought to optimize patient safety
and clinical outcomes over time. We present the following
article in accordance with the Narrative Review reporting
checklist (available at https://tp.amegroups.com/article/
view/10.21037/tp-22-361/rc).

Methods

This manuscript concerns a narrative review, which was
assembled through the study, analysis, and discussion
of previously published journal articles specific to the
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management of pectus excavatum in pediatric patients.
An emphasis was placed on recent literature over the past
22 years, 2000-2022, however, older studies were included
when necessary. Published material was identified utilizing
the PubMed® (National Center for Biotechnology
Information, United States National Library of Medicine,
National Institutes of Health) database using multiple
combinations of the keywords: pectus excavatum, pediatric,
management, complications, minimally invasive repair of
pectus excavatum, MIRPE, surgery, repair, cardiopulmonary
and vacuum bell. The initial literature search was
conducted by a certified librarian. The articles were then
examined for relevancy and the references reviewed for
additional citations; the search strategy is summarized in
Table 1. Importance of the articles was based on previously
described levels of evidence (5). Article inclusion within this
review was determined by the authors after their evaluation,
analysis and interpretation.

Pectus excavatum management
Introduction and preoperative evaluation

The pectus excavatum deformity has been associated
with various cardiorespiratory implications, though the
precise relationship has been debated. Though pectus
excavatum is generally well tolerated in children, symptoms
such as palpitations (presumably due to transient atrial
arrhythmias), and exertional dyspnea or precordial pain with
exercise have been reported. Reports of improved exercise
tolerance following surgical repair of pectus excavatum,
including a decrease in dyspnea and tachycardia, have
supported an underlying physiologic abnormality associated
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with the physical deformity. A systolic ejection murmur may
also be heard in patients with pectus excavatum, as a result
of the close proximity of the sternum to the pulmonary
artery. Patients with history or exam findings suspicious
for a connective tissue disorder such as Marfan’s syndrome
should also be referred for genetic counseling, as twenty
unique genetic disorders have been associated with pectus
excavatum (6). Cardiac anomalies have been shown to co-
occur in up to 84% of patients with Marfan’s syndrome and
pectus deformities (3). All patients with significant pectus
excavatum should undergo an echocardiogram, especially
those who are being considered for surgical intervention,
as this may detect mitral valve prolapse, compression of the
right ventricular outflow tract, or aortic root dilation, which
may require long term monitoring (7,8).

The improvement in exercise tolerance following pectus
excavatum repair remains an area of controversy and has been
attributed to improvement in respiratory mechanics as well
as resolution of cardiac compression, which has been shown
to be the more clinically relevant parameter. In patients with
pectus excavatum, the right atrium is compressed by the
depressed sternum, which ultimately results in a reduced
stroke volume. Corrective surgery has been shown to result in
an increase in stroke volume and oxygen consumption, which
was attributed to an increase in anterior-posterior thoracic
dimensions (9). With regard to pulmonary parameters,
resting pulmonary function tests (PE'T5) evaluating forced
vital capacity (FVC) and forced expired volume in one second
(FEV)) show an expected initial deterioration after Nuss
bar implantation due to chest rigidity that improves after
bar removal (10). In a subset of 66 patients who underwent
PFTs prior to surgical repair and one year after bar removal,
there were significant improvements in median FVC (88% to
92% of predicted) and FEV, (83 to 88% of predicted) (11).
This improvement in function has not been consistently
demonstrated in the literature, including a meta-analysis
of 12 studies that failed to show a statistically significant
change in pulmonary function, or in a recent prospective
study that also included cardiopulmonary exercise testing and
echocardiography (12,13).

Several methods of quantifying the severity of pectus
excavatum defects have been proposed, the most common
of which is the Haller index (HI), which is the ratio of the
maximum transverse diameter of the chest to the minimum
anteroposterior distance from the sternum to the spine at
the deepest point of the deformity (14). Chest computed
tomography (CT) was the imaging modality used to
initially calculate the HI and remains the primary method
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of preoperative imaging, with a measurement of 3.25 or
greater used as a requisite for insurance coverage of surgical
correction. St. Peter e al. later proposed the Correction
Index, which expresses the pectus defect as a percentage
of chest depth, and better differentiates patients with
significant pectus excavatum compared to the HI without
the strong influence of the transverse width of the chest
(15,16). Chest CT may also be used to assess for cardiac
compression or the presence of other thoracoabdominal
abnormalities and may be performed with a low-dose
radiation protocol. There is evidence suggest to that plain
film chest radiographs are equivalent to CT with regard
to measuring HI, with some groups proposing their use
as the primary tool for the preoperative assessment of
pectus excavatum in average-risk patients due to reduced
radiation dosing (17,18). Ultimately, CT provides a more
comprehensive evaluation of factors impacting the operative
approach such as sternal torsion, which may guide Nuss bar
configuration, especially for older or female patients (15).
Conventional photography is also often used to document
the appearance of pectus excavatum defects and chest wall
changes over time in response to growth or treatment.
Photographic documentation was previously standardized
by van Dijk et 4l. and includes five photographs acquired
from different angles and two recordings used to determine
the pectus excavatum depth as an objective measure of
severity to assess evolution. Though commonplace in some
clinical practices, simple photography is labor-intensive and
lacks three-dimensional (3D) information that is essential to
objectively track chest wall deformities (19,20).
Non-radiation based imaging modalities are being
explored to objectively assess and monitor patients with
pectus deformities. Poncet et 4/. conducted one of the first
pilot studies that demonstrated a strong correlation (r=0.94)
between an optical 3D image-derived external HI with the
CT-derived HI in 10 patients with pectus excavatum or
pectus carinatum (21). Glinowski ez 4/. developed a novel
3D scan index which was strongly correlated to CT-derived
HI (r=0.876) and 3D scan index based on CT (r=0.9939) in
a limited cohort of 12 patients (22). Beyond demonstrating
the correlation between 3D imaging and conventional
indices, recent reports have evaluated the capacity for such
measures to determine surgical eligibility by establishing
cut-off values for the external HI (>1.83) and correction
index (>15.2%), with excellent discrimination observed (23).
With regard to physiologic impact of pectus excavatum,
3D imaging has been employed to predict the presence
of cardiac compression using a combination of external
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pectus depth and anteroposterior distance; identification of
compression also has implications on surgical selection (24).
3D surface imaging of the chest will be further discussed in
the context of monitoring strategies for pectus deformities.

Surgical treatment

Surgical correction of pectus excavatum is typically
recommended if a patient experiences cosmetic discomfort
with their chest, and meets two or more of the following
criteria: chest CT or MRI showing cardiac or pulmonary
compression with HI of 3.25 or greater, restrictive
lung disease by PFT evaluation, cardiac conduction
abnormalities, performance abnormalities, or recurrence
of pectus excavatum following open or closed surgical
intervention (25). Despite repair being more technically
feasible in a younger child with a more malleable chest wall,
the potential for long-term recurrence of pectus excavatum
or impairment in chest wall growth has led to a delay in
surgery until the pubertal years in the authors’ practice.
Because recurrence was found to occur more frequently
during the pubertal period, Fonkalsrud and colleagues also
advocated for delaying surgical repair of pectus excavatum
until at least 10 years of age (26). Young patients may also
be referred for vacuum bell therapy as a bridge to potential
surgical correction or definitive therapy, as described later.

Minimally invasive repair of pectus excavatum (MIRPE)

Nuss first described a technique to elevate the sternum
without division of the costal cartilages with the use of a
retrosternal bar in 1998. MIRPE—which is now the most
common operative approach used—involves insertion of a
convex metal bar through small bilateral thoracic incisions
under the sternum and anterior to the heart that aligns
with the curvature of the deformity. Nuss described the
advancement of a long clamp across the mediastinum to
the opposite side of the chest, followed by using umbilical
tape pulled through the tract to guide the clamp in from
the opposite direction. The tape was then used for traction
to pull the steel bar through the pleural cavity. Once in
position, the bar was rotated with the convex side facing
posteriorly to correct the sternum and rib depressions (27).
The original series included 42 patients under 15 years of
age, without specification of an ideal upper limit for age,
and the bar was left in place for two years prior to removal.
While thoracoscopy was not used by Nuss in his first series,
it is now considered standard of care to thoracoscopically
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visualize the creation of the retrosternal tunnel and passage
of the bar. The use of stronger suture such as Fiberwire or
suction tubing to guide the bar across the posterior sternum
have been described to replace the umbilical tape originally
used by Nuss (28,29). Further modifications of this original
technique have been employed to account for the increased
chest wall rigidity of older adolescent or adult patients
(30,31). In particular, forced external sternal elevation prior
to bar passage has been employed through various means
including a mechanical crane technique, manual elevation,
and use of the vacuum bell with the intent of optimizing
visibility and preventing cardiac injury (32). Goretsky ez al.
described the use of sternal elevation as an adjunct to avoid
cardiac perforation. The technique should be mandatory
particularly in patients who have had previous cardiac
surgery with opening of the pericardium and are therefore
at the highest risk for injury (33). An example of the MIRPE
intraoperative setup with pectus introducer in place and
crane mechanism for sternal elevation is shown in Figure 1.

Kelly et al. presented a large cohort of 1,215 MIRPE
cases over 21 years, including interval modifications to
the procedure, with an update released in 2022 (11,34).
At the time of bar removal, good or excellent surgical
outcomes were reported in 96% of patients. The median
age at surgery increased from 6 to 14 years during the
study period. Various modifications of the technique during
the study interval included routine use of thoracoscopy,
techniques such as sternal elevation to minimize risk of
dissection between the sternum and heart in patients with
severe depressions, use of titanium bars in cases where a
metal allergy is identified, more frequent use of two bars in
older patients or those with severe depressions, and use of a
metal stabilizer to decrease bar rotation.

Postoperative complications to consider include metal
allergy, infection, and bar displacement. Most current Nuss
bars are made of stainless steel, which raises the concern of
metal allergy. Allergic reaction to the nickel-containing bars
occurred in 2.2% of patients who underwent MIRPE by the
Nuss group (35). It is important to distinguish an allergic
presentation from an infectious one, and many practices
have instituted preoperative patch allergy testing to identify
patients that would require a custom titanium bar as an
alternative. With regard to infectious complications, several
authors have demonstrated the preservation of hardware
with antibiotic treatment alone in cases of infection (36-38).
Obermeyer and colleagues recently performed a single-
center analysis of risk factors for Nuss bar infections;
the cohort consisted of 781 patients, of which 25 (2.5%)
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Figure 1 Intraoperative view of pectus introducer tunneled
through subcutaneous space in the same horizontal plane as the
level of the deepest depression. The use of a crane mechanism
for sternal elevation and thoracoscopy for visualization facilitate

retrosternal passage of the introducer prior to bar placement.

developed a postoperative infection. The authors
concluded that the rate of deep bar infection increased after
perioperative clindamycin rather than cefazolin, while the
rate of superficial infection increased with the use of peri-
incisional subcutaneous catheters for analgesia (39).

An abundance of articles exist describing technical
modifications of MIRPE since the original Nuss
publication. With regard to bar configuration, the use of
multiple bars and the cross-bar technique were introduced
to correct complex chest-wall defects. While Nuss placed
up to two bars in select patients in his original series,
the frequency of multiple bar insertion has increased in
modern pectus excavatum repair to facilitate more uniform
pressure distribution and improved defect correction and
chest wall remodeling, especially in older patients with
rigid and stiff chest walls (40). Pilegaard reported on a
series of 383 patients in which they used up to 3 bars in
parallel and left several bar introducers in place to elevate
the sternum while positioning the additional bars; in an
updated series by the same author, multiple bar insertions
were increasingly common among adult patients (41,42).
Park et al. first described the cross-bar technique in 2016
for a rigid, steep, and focal (“Grand Canyon”) depression
with the advantages of decreased bar dislocation, ability
to cover the entire anterior chest wall, and more precise
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targeting of the bars to the exact point of depression while
avoiding residual depression from unsupported ribs. The
two bars are inserted diagonally, cross in the center, and
are attached using bridge fixation to prevent rotation (43).
The same group recently published a series comparing
cross-bar and parallel-bar techniques among 247 patients
and demonstrated the cross-bar technique to be as safe and
effective as parallel bar with no difference in complication
rates despite patients in the cross-bar group overall being
older with a higher depression index, and generally with
more rigid and complex pectus defects (44).

Methods of bar fixation including stabilizing bars were
introduced to mitigate bar flipping and migration, which
has presented significant challenges in MIRPE. The lateral
stabilizing bar was introduced as a separate piece that slides
onto the Nuss bar. In a series of 303 patients, Croitoru
and colleagues applied lateral stabilizers in 70% of patients
and wired them for additional stability in 65%; bar shifts
were reduced from 15% to 6% with the introduction of
stabilizers and to 5% when the stabilizers were wired (25).
Disadvantages of this technique include increased
thickness of the metal (which is relevant for the typically
slender pectus excavatum patient), risk for separation of
the components, and potential increased incidence of
seroma with dermatitis due to pressure damage as reported
by Watanabe et /. (45). Other variations have been
described such as 3-point fixation using a suture deployed
thoracoscopically adjacent to the sternum and encircling the
bar and a rib to further minimize the risk of bar shifting (46).
One of the most promising approaches is the bridge
technique proposed by Park et 4/. in patients who required
2 parallel bars, and involves connecting the bars laterally
with plate-screws at the ends, rendering the bars essentially
unmovable. In a series of 80 patients who underwent bridge
fixation, they reported minimal rotational movement of
the bars 4 months postoperatively, with no dislocation or
reoperation required (47). The Park group has developed
additional fixation innovations including the claw fixator
which attaches to a rib by hooking it with metal blades to
avoid pericostal suturing, and is then fastened to the end
hole of the bar with a screw and nut to prevent bar flipping
and lateral sliding (48).

One of the primary determinants of pectus bar stability
and dislocating forces is its shape, with the lengths of the
vertical lateral segments accounting for the tendency to flip
and the curvature at the point of contact with the chest wall
as the primary contributor to lateral instability. Pérez ez al.
described a shorter, flat bar as preferable to the standard
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U-shaped bar to avoid displacement while maintaining
similar cosmetic outcomes, operative times, and hospital
stays (49). Shorter bars are often coupled with medial
stabilizers, which restrict bar movement and early rotation
compared to lateral stabilizers, and may also allow for
unilateral stabilization (50). For mixed pectus carinatum and
excavatum defects, Park and Kim introduced a sandwich
technique using internal and external pectus bars to bring
the carinatum down and the excavatum up. In the same
report, they describe variations of the approach using suture
to tie down the flared ribs to the internal bar to treat the
lower costal flare and focal protuberances, termed the flare
buster and magic string techniques (51). In addition to
modified bar length, innovations in bar shape have been
developed beyond the typical strategy of bending to a
desired contour. This includes computer systems that bend
the bars according to a CT-derived shape prediction have
been described to provide customized correction (52,53).

When evaluating outcomes of MIRPE, it is critical to
consider the learning curve associated with the operation.
Hebra and colleagues reported on life threatening
complications of MIRPE in 59 cases, which included
cardiac perforation, hemothorax, major vessel injury, lung,
liver, and diaphragm injury. Though such complications are
fortunately very rare, the authors advocate for recognizing
risk factors such as prior chest surgery, and utilizing proper
training and sternal elevation techniques to reduce these
complications (54). A retrospective series by Fonkalsrud and
colleagues comparing MIRPE with open repair reported
a higher incidence of reoperations and re-hospitalizations
in the Nuss group; however, it was noted that 90% of
the MIRPE complications occurred in the first 25 cases
performed, reflecting the role of surgeon experience (26).
Efforts have been made to define the learning process of the
minimally invasive repair, which may have implications for
the training of surgeons involved in a Nuss program. In an
analysis of 222 Nuss procedures performed by 3 surgeons,
de Loos and colleagues found the operation to be safe to
perform at least once every 35 days with a complication rate
under 10% after undergoing proctoring by an experienced
thoracic surgeon during the initial 10 procedures (55).
Another group similarly reported that MIRPE postoperative
complications are less dependent on learning curve;
however the work was limited by retrospective analysis and
lack of standardized technical details (56).

Pectus bar removal (PBR) is the final stage of MIRPE.
This is typically done as an outpatient procedure with
low complication rates (57). It is generally agreed that a
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pectus bar should be removed two to four years following
MIRPE, depending on patient age and severity of the chest
wall deformity; removing the bar too soon may increase
recurrence, while keeping it in place beyond four years may
increase difficulty of removal due to bar ossification (58).

Several technical modifications have been described for
PBR. It is generally recommended to re-open both lateral
incisions used for initial bar placement and to straighten the
bar prior to removal, though some authors have proposed
techniques that do not require unbending of the bar (58-60).
Other protective techniques such as covering the serrated
edge of the bar to reduce injury, and tying an umbilical tape
and sponge to the end of the bar as it is pulled through the
tract to tamponade any bleeding have been proposed (61,62).

Despite the lack of sufficient evidence-based data
on complication rates during PBR, several studies have
shown the most common complications are wound seroma
and pneumothorax (58). For example, in a cohort of
1,821 patients with mean duration of bar maintenance of
2.57 years, Park et al. reported wound seroma, including
infection, was the most common complication after bar
removal in 2.36% of patients (57). In rare instances, PBR
may be associated with major complications including
hemorrhage from intercostal or internal mammary artery
injury, cardiac or lung injury. In total, 116 members of the
Chest Wall International Group (CWIG) were surveyed
on their complications with PBR; bleeding from intercostal
artery injury (34.9%) and severe adhesions in the bar
tunnel (26.9%) were the most common acute intraoperative
complications (58,63).

Regardless of technique, pediatric patients should be
followed postoperatively until they reach full stature to
ensure a satisfactory result without unwanted secondary
effects of the pectus bar including secondary pectus
carinatum or increased costal flaring.

Open surgical rvepair

Though the majority of pectus excavatum repairs are
now done by the minimally invasive Nuss procedure,
open repair is used by some surgeons in cases of severely
asymmetrical chest wall, mixed pectus deformities, or
in those patients who do not wish to have a substernal
bar in place for over two years (4). The open repair—as
popularized by Ravitch—uses an anterior chest wall incision
to perform a subperichondrial resection of the deformed
costal cartilages. A transverse wedge osteotomy is created
through the sternum, which is then closed with elevation
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Figure 2 A patient with pectus excavatum fitted with the vacuum
bell device.

by struts. Strut fixation to stabilize the position of the
fractured sternum during cartilage reformation is employed
using an anterior or a retrosternal approach (64). Limited
variations on the open technique exist and include various
means of sternal elevation such as with a sheathed wire
placed behind the sternum and attached to an external brace
postoperatively (termed the Leonard procedure), or using
a synthetic mesh hammock support (65). Though both
minimally invasive and open techniques were shown to be
effective in correcting pectus excavatum when performed
by an experienced surgeon, there lacks a consensus as to
the superior technique for all patients. Long-term follow-
up after bar removal is ultimately needed, and the choice of
operation should be individualized to the patient.

Non-surgical treatment

Though MIRPE is considered the gold standard treatment
for pectus excavatum, there is a need for less invasive
treatment modalities that are effective in defect correction
and pain management. The first nonoperative management
of pectus excavatum was described by Schier and colleagues
in 2005 as the vacuum bell, shown in Figure 2. The device is
a suction cup placed over the anterior chest and connected
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to a patient-activated hand pump used to reduce pressure
up to 15% below atmospheric pressure, resulting in
sternal elevation (66). The initial cohort consisted of 60
patients (median 14.8 years) who used the vacuum bell for
a minimum of 30 minutes twice per day up to five hours
per day (median 90 minutes). Sternal elevation of 1 cm was
demonstrated in 85% of patients after one month. A recent
report from Haecker et 4/. included a subset of 140 vacuum
bell patients with a mean pectus excavatum depth of 2.7 cm.
44% of patients had complete correction of their pectus
excavatum deformity after an average of 21.8 months
wearing the vacuum bell (67). The ideal vacuum bell
candidate is relatively young with a flexible chest wall, has
a mild to moderate chest wall deformity, and is motivated
to be compliant with therapy. Patients who are able to
transiently correct their pectus deformity with a Valsalva
maneuver are classified as having flexible chest walls.
Obermeyer et al. reported an excellent outcome was more
likely in patients 11 years of age or younger, with a sternal
depth 1.5 cm or less, and a flexible chest wall (68). Adverse
effects associated with the vacuum bell include sternal pain,
skin irritation and hematoma, while contraindications to
therapy include musculoskeletal disorders, vasculopathies
and coagulopathies (69). As the vacuum bell is an emerging
conservative therapy, consistent data is lacking regarding
a standardized treatment algorithm with ideal parameters
for duration, frequency, and pressure. For example, Schier
and colleagues allowed patients to apply pressure according
to individual comfort level, while Lopez er 4l. utilized a
protocol with gradually increasing suction and reported
improved outcomes with sternal flattening at 6 months
in patients who wore the vacuum bell for over 4 hours
daily (70). It should be noted that a general disadvantage
of non-surgical therapy for pectus excavatum is patient
non-compliance as a primary contributor to treatment
failure. In most series, a substantial proportion of patients
abandon treatment, for reasons that have yet to be studied
systematically (71). Further research into long-term
outcomes, including series with higher rates of treatment
completion, is warranted to further define the ideal
candidates and treatment regimen for vacuum bell therapy.

Postoperative pain management

Pain control following surgical repair of pectus excavatum
is often challenging and is a significant contributor to
length of stay (LOS). This is especially true for MIRPE,
where the postoperative pain may be disproportionate to

Transl Pediatr 2023;12(2):208-220 | https://dx.doi.org/10.21037/tp-22-361



Translational Pediatrics, Vol 12, No 2 February 2023

Figure 3 Thoracoscopic view of a cryoprobe in the thoracic cavity
after being tunneled subcutaneously and placed on the target

intercostal nerve to perform cryoablation.

the size of the incisions, though there is overall a lower
incidence of chronic postoperative pain in the pediatric
population compared to adults (72). Recent advances in
protocolized pain management and multimodal pain control
have significantly reduced postoperative LOS and narcotic
usage after MIRPE. Initial strategies included thoracic
epidural and patient-controlled analgesia (PCA), often used
as a bridge to oral pain medications (73). A prospective,
randomized trial comparing epidural and PCA reported
more favorable pain scores for the epidural approach in the
early postoperative days and for PCA in the later period.
Epidurals, however, were associated with longer operative
times, greater hospital charges, and more calls to anesthesia
providers (74). As an alternative regional anesthesia
approach to epidurals, the use of ultrasound-guided erector
spinae plane blocks has recently been shown to be effective
while reducing LOS (75).

The use of intercostal nerve cryoablation (INC) has
recently been employed as a means to reduce postoperative
pain after MIRPE. Broadly, cryoanalgesia is the use of
cold temperature to disrupt peripheral nerve function.
The INC technique involves thoracoscopically placing a
“cryoprobe” on the target intercostal nerve through the
same incision used for bar placement, as demonstrated in
Figure 3. The device reduces the temperature of the tissue to
the specific temperature that causes Wallerian degeneration
of nerve axons to temporarily prevent pain transmission,
with regeneration occurring within 4-6 weeks (76). Kim
and colleagues were the first to describe the use of INC in
MIRPE using a transthoracic technique that facilities access
to the posterolateral intercostal nerves (77). Later that year,
Keller and colleagues described INC via a subcutaneous
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tunnel approach, and demonstrated a significant reduction
in opioid use and LOS when compared to epidural analgesia,
with a mean LOS of 3.5 days in the cryo group (78).
A recent randomized trial found a 2-day reduction in hospital
LOS (3 versus 5 days) and reduced opioid requirements
in patients who received cryoablation when compared
to thoracic epidural analgesia (76). The trend of reduced
LOS was supported in a recent systematic review and
meta-analysis of five studies comparing cryoablation with
thoracic epidural analgesia, though no significant difference
in pain scores were reported among the groups (79).
The use of INC in the context of multimodal pain control
protocols including intercostal nerve blocks has recently
been used to allow same- and next-day discharge after
MIRPE. The wide adoption of INC was limited by concerns
of long term neuropathy after axon regeneration (80,81). In
a recent retrospective study of 43 patients who underwent
INC during MIRPE, none of the patients under 21 years
of age experienced neuropathic pain, while 3 of 13 adults
in the study experienced neuropathic pain or prolonged
numbness (82). This may be partially attributed to pediatric
patients generally experiencing less chronic postoperative
pain than adults as previously mentioned. Despite the
retrospective nature and small sample sizes of recent studies,
cryoablation is a promising adjunct for pain control and
should be considered in enhanced recovery protocols after
MIRPE. It may also be considered for open repair of pectus
excavatum (83). Further studies are needed to assess the
long-term implications of this treatment.

Recurrent pectus excavatum

A dreaded complication after surgical correction of pectus
excavatum is recurrence of the deformity, which is reported
to occur in 2-10% of cases (37). Various factors are thought
to be responsible for recurrence, including timing of the
operation during development, duration of retrosternal strut
maintenance, and inherent connective tissue dysfunction
as in patients with Marfan syndrome (84). There is a high
risk of recurrence reported in Marfan’s patients without
strut fixation; it is therefore recommended that all children
with Marfan’s and pectus excavatum be repaired with strut
fixation (85). To decrease the risk of recurrence, the authors
wait at least 3 years before removing the retrosternal bar
after MIRPE, and 4 or more years for those with connective
tissue disorders. For patients who do experience recurrent
pectus excavatum, the MIRPE technique has been utilized
safely and effectively for correction of recurrent cases. In
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a series of 100 patients, Redlinger er 4. showed a 95%
success rate of MIRPE regardless of whether the initial
repair was open or minimally invasive. Patients with prior
MIRPE may be prone to more extensive pleural adhesions
and require decortication during their subsequent repair,
while patients with a prior open repair may have acquired
thoracic chondrodystrophy with stiff chests. This may
require a greater number of bars for repair and predispose
to additional complications (86).

Monitoring

There is currently no diagnostic method in routine use
that is both safe for longitudinal monitoring and accurate
enough to assess preoperative or pre-intervention severity
of pectus excavatum. As previously discussed, radiographic
evaluation with thoracic CT scan is the most widely used
method to measure pectus excavatum severity via HI,
and may be required to support the medical necessity for
corrective surgery (87). Other modalities may be superior
for monitoring of response to therapy. A manual measure
of pectus excavatum depth is commonly performed by
providers and involves inserting a ruler into the depression
at its deepest point and recording the distance from this
point to the surface of the depression by placing a straight
edge horizontally across the chest (87). Though non-
invasive and easily accessible, this method is overall less
precise, highly provider-dependent, and unreliable in cases
of asymmetric defects. A novel external landmark-based
approach using calipers—termed modified percent depth—
may provide improved inter-rater reliability and account for
asymmetry (88). CT-derived HI remains the standard that
is often necessary for surgical clearance, though X-ray and
MRI have demonstrated comparable measurements.

An ideal method to quantify and monitor the physical
exam of pectus excavatum patients is to map the chest
wall deformity without ionizing radiation given the
target population is often evaluated in childhood or early
adolescence—this can be optimally achieved with 3D
surface imaging and automated measurements of the
deformity. As discussed in the preoperative evaluation
section of this review, 3D imaging has a role in diagnosis,
recommendation for surgical treatment, and prediction
of physiologic compromise. To cite an example of such a
modality, recent work from Hebal et /. has assessed the
use of a handheld white light scanner (WLS) as a non-
invasive, non-ionizing means to obtain 3D measurements
and indices of pectus excavatum deformities in a larger
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cohort of 127 patients (87). A severity index, termed the
Hebal-Malas index (HMI), was derived from mediolateral
and anteroposterior chest wall diameters; this index was
shown to have a strong correlation (r=0.87) to CT-derived
HI for patients with severe pectus excavatum. The WLS
was also shown to be an effective means of quantifying the
extent of pectus excavatum correction following the Nuss
procedure (89). Though unlikely to completely replace
CT scan for evaluation of pectus deformities, high fidelity
non-radiation based imaging such as WLS should be
incorporated into the clinical workflow as an assessment
tool, particularly for treatments such as vacuum bell therapy
or external bracing for pectus carinatum, that require a high
degree of compliance (90). Barriers to widespread adoption
include the variety, cost, and availability of a standardized
system to implement on a large scale and thereby develop
institutional expertise (91).

Conclusions

The care of children with pectus excavatum continues
to evolve with nuances in preoperative evaluation,
operative and non-operative techniques, and postoperative
management. Despite the breadth of literature on the
topic, there is a lack of international consensus guidelines
regarding the preoperative evaluation and treatment of
these patients, which presents an opportunity for future
research efforts in these areas.
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