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Objectives: Since its introduction, the Nuss minimally invasive procedure for pectus
excavatum (PE) repair (MIRPE) has become the method of choice. The current study
describes our experience of PE correction in adults, with particular focus on
postoperative outcomes, pain, quality of life, and patients’ satisfaction.
Methods: We enrolled for this observational study n = 93 adult patients from 2011 to
2018. The Haller index was used to quantify PE severity. Pulmonary function tests and
cardiac examinations were performed preoperatively; we developed a standardized
surgical technique and postoperative treatment, including follow-up at 3, 12, and 24
months after surgery and 6 months after bar removal. We also evaluated the quality of
life and the satisfaction with the cosmetic result after the procedure with standardized
questionnaires.
Results: No operative or perioperative deaths occurred nor life-treating complications.
Thirteen complications occurred in 12 patients, with a total complication rate of 14%
(n = 13/93). Pain intensity decreased in the follow-up [pain score visual analog scale at
3 months: median 1 (0–8); 12 months: median 1 (0–5); and 24 months: median 1 (0–
4)]. Better or much better quality of life after the Nuss procedure was observed: n = 79
(84.1%) at 3 months, n = 80 (86%) at 12 months, and n = 85 (91.4%) at 24 months.
After 2 years of observation, more than 90% of patients described improvement in
their quality of life and satisfaction with the cosmetic results. Only a very small group of
patients suffered from pain in the follow-up.
Conclusion: Our results demonstrate that the MIRPE procedure is safe and can be
performed with excellent results in adults both for improvement of quality of life and for
satisfaction with cosmetic results.

Keywords: pectus excavatum, Nuss procedure, pectus bar, chest wall deformities, minimally invasive repair of
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INTRODUCTION

Pectus excavatum (PE), or “funnel chest,” constitutes 90% of all
chest wall deformities and is reported in about 1:400 and 1:1,000
live births. It affects males in a rapport 4:1 to females and is
typically present in early childhood, tending to become more
pronounced during pubertal growth (1). The most common
symptoms associated with the chest abnormality include
dyspnea (especially with exercise), easy fatigability, and chest
pain (2). Body image embarrassment, which results in negative
psychological impact and low quality of life, is often the main
worry for patients (3). However, reducing PE only as a cosmetic
disorder is not completely proper: a short life expectancy was
found by Kelly and colleagues reviewing autopsies of patients
affected by PE (4) and also a reduced pulmonary function was
associated with severity of abnormality (5, 6).

In 1998, Dr Donald Nuss introduced a minimally invasive
repair of PE (MIRPE), temporarily implanting metal bars to
modify the curvature of the anterior chest wall. This procedure
easily gained consensus among surgeons and quickly established
itself (7), revolutionizing the management of this chest deformity.

Children and adolescents are considered the ideal candidates
for this approach according to the principle of this technique
(8), while the rigidity/stiffness of the adult chest wall and its
limited theoretical remodeling favored, for these patients, the
use of a more invasive traditional Ravitch procedure.

In recent years, many authors published encouraging results
about MIRPE in the adults, highlighting the feasibility and safety
of the procedure (9, 10) and supporting the improvement of the
cosmetic appearance after bar removal (11): the number of
adults considered for PE repair increase and so more strong
evidence is necessary to help surgeons in counseling about
risks and benefits of MIRPE in this cluster.

Our work aims to report the results of a single-institution
experience in the management of PE with the Nuss procedure
in adults by evaluating mid-term outcomes and overall patient
satisfaction after bar removal.
PATIENTS AND METHODS

From January 2011 to December 2018, we retrospectively
reviewed the medical records of all patients aged 18 years or
older who underwent MIRPE at the University Hospital of
Florence. Our institutional review board granted approval and
waived the requirement for specific informed consent for this
retrospective study.

We excluded patients with a history of connective tissue
disorders, recurrent PE, and asymmetric and combined deformity
and also those who underwent combined cardiothoracic procedures.

Indications for surgery were both clinical and cosmetic
reasons.

Preoperative evaluation included clinical examination, static
or dynamic pulmonary function tests, cardiac evaluation with
echocardiography, and chest computed tomography scan. The
Haller index (HI) was used to quantify PE severity (12) and
determined the main indication for PE surgical correction, but
Frontiers in Surgery | www.frontiersin.org 2
a low HI value was not considered a contraindication for
MIRPE if a psychosocial disability is present.

Surgical Technique
All operations were performed under general anesthesia using a
double-lumen tube for selective single-lung ventilation. The
patient was positioned supine on the operating table, with the
chest elevated, using several blankets to allow the arms
adducted in a lower position. The most depressed area of the
sternal plate and hinge points on both sides of the chest ridge
was identified and marked. A 5-mm thoracic port was bluntly
introduced in a latero-posterior right position to identify the
deepest point of PE, and carbon dioxide insufflated at
4–6 mm Hg pressure was used to find and dissect the safe
retrosternal space.

Two curved lateral incisions, 3–4 cm long, were made just at
the inferior edge of pectoralis major muscles, and a
subcutaneous plane was created. An introducer was inserted
into the right chest at the selected intercostal space, and the
dissection was done under vision just above the pericardium.
Once the left side of the desired intercostal space was reached,
the tip of the introducer was pushed through the intercostal
space. One side of a 40-cm-long polyvinylchloride suction
connecting tube (Extrudan Surgery, Birkerod, Denmark) was
plugged into the introducer tip, and the other side was
connected to the right end of the curved bar (13). The
introducer was carefully pulled backward from left to right,
followed by the tube, creating a path for the bar to pass with the
concave side up; then, the bar was rotated 180° around its long axis.

The entire procedure was completed smoothly and easily in a
few seconds under thoracoscopic view. The use of one or two
bars depended on the intraoperative cosmetic result; usually,
we inserted the proximal bar first. Until 2011, we placed two
stabilizers bilaterally to avoid rotation of the bar, but then, we
placed only one stabilizer on the left side to reduce pain and
wound troubles. After the procedure, we placed one chest tube
on the right, usually removed on the first postoperative day.
All patients were treated with non-steroidal anti-inflammatory
drugs, paracetamol, and, if necessary, opioids (MS Contin
controlled-release morphine or OxyContin oxycodone) by
mouth for 3–6 weeks.

Clinical Evaluation and Follow-Up
We organized in our outpatient department a routine evaluation
for each patient at 3, 12, and 24 months after surgery and 6
months after bar removal. The bars were usually removed
after 32–40 months.

Satisfaction with the cosmetic result, impact of surgical repair
on the quality of life, and pain were assessed with two specific
questionnaires: the first included two parts derived from the
Nuss and Krasopoulos questionnaire in a modified format as
presented in Table 1 (9, 14, 15), and the second was the DN4
questionnaire for neuropathic pain (16).

Statistics
Continuous variables are expressed as mean or median value
and range. Categorical variables are reported as counts and
2022 | Volume 9 | Article 903791
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percentages. All data were analyzed with the use of SPSS
software (version 24, SPSS Inc., Chicago, IL, USA).
RESULTS

Patients’ Characteristics
Ninety-three patients underwent MIRPE between 2011 and
2018 with a median age at operation of 23 years (range 18–
42). The majority were male (85 of 93 patients, 91.4%), and
the mean HI was 5.1 (range 2.3–12.6). Chest pain, dyspnea,
and decreased tolerance to physical exercise were the most
frequent symptoms and were reported in 55 (59.1%) patients.
Eighty-six patients (92.4%) referred to a poor self-image with
a tendency to avoid social situations in which they have to
show their deformity.

Patients’ characteristics and surgical results are reported in
Table 1.
TABLE 1 | Patients’ characteristics and perioperative course.

Sex M/F, % 85/8 (91.4/8.6)

Age at surgery (median, range) 23 (18–42)

Haller index (mean, range) 5.1 (2.3–12.6)

FEV1 (mean, range), L 3.8 (19–5.3)

FVC (mean, range), % 89.6 (58–115)

Operative time (median, range), min 45 (35–95)

Hospitalization (median, range), days 7 (5–13)

Number of bars inserted One in 69 patients (74.2%)
Two in 24 patients (25.8%)

M, male; F, female; FEV1, forced expiratory volume 1; FEV, forced vital capacity.

FIGURE 1 | Patient with a dislocation of a bar (A) and with the bar in the correct p
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One bar was adequate for the correction of PE in most
patients (n = 69/93; 74.2%).

Complications and Bar Removal
No operative or perioperative deaths occurred nor life-treating
complications. Thirteen complications developed in 12 patients
(12.9%): seroma/hematoma n = 2 (2.1%), wound infection n = 2
(2.1%), hemothorax n = 1 (1.1%), pneumothorax requiring chest
tube reinsertion n = 4 (4.3%), and bar displacement n = 4 (4.3%)
(Figure 1). Bar displacement always needed a surgical revision;
all these re-operations were performed thoracoscopically.

Bar removal was carried out between 32 and 40 months from
the first operation, with a median period of 34 months. All the
bar removal procedures were uneventful. No PE relapse was
observed after bar removal.

Follow-Up and Mid-Term Results
We evaluated all 93 patients in the follow-up at 3, 12, and 24
months after surgery and 6 months after bar removal
(Table 2). The median of follow-up was 39 months after
surgery (range 38–46 months); the last patient was registered
at follow-up in January 2022. High levels of satisfaction were
registered: 97.8% of patients were satisfied or very/extremely
satisfied with the cosmetic results 3 months after the
operation. In the mid-term evaluation, this result was stable
with 97.8% and 96.7% at 12 and 24 months, respectively, after
surgery. At 6 months after bar removal, the percentage of
satisfaction for cosmetic results was 97.8%.

Better or much better quality of life after MIRPE was
observed in 84.9% of patients at 3 months, 86% of patients at
12 months, 91.4% of patients at 24 months, and 94.7% of
patients at 6 months after bar removal (Table 3). Three
osition after surgical revision (B).
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TABLE 3 | Results of the quality-of-life questionnaire after MIRPE.

Quality of life
(no. of patients), %

Much better Better Same Worse

3 months after surgery (44) 47.3 (35) 37.6 (9) 9.7 (5) 5.4

12 months after surgery (52) 55.9 (28) 30.1 (8) 8.6 (5) 5.4

24 months after surgery (63) 67.7 (22) 23.7 (4) 4.3 (4) 4.3

6 months after bar removal (65) 69.9 (23) 24.8 (3) 3.2 (2) 2.1

TABLE 2 | Results of the satisfaction questionnaire after minimally invasive repair of pectus excavatum (MIRPE).

Satisfaction (no. of patients), % Extremely satisfied Very satisfied Satisfied Moderately dissatisfied Dissatisfied

3 months after surgery (32) 34.4 (44) 47.3 (15) 16.1 (2) 2.2 (0) 0

12 months after surgery (37) 39.8 (41) 44.1 (13) 13.9 (2) 2.2 (0) 0

24 months after surgery (51) 54.8 (33) 35.4 (6) 6.5 (2) 2.2 (1) 1.1

6 months after bar removal (54) 58.1 (33) 35.4 (4) 4.3 (1) 1.1 (1) 1.1

TABLE 4 | Pain intensity after MIRPE.

VAS 0–10

Median Range

3 months after surgery 1 0–8

12 months after surgery 1 0–5

24 months after surgery 1 0–4

6 months after bar removal 0 0–2

TABLE 5 | Neuropathic pain after MIRPE.

DN4 0–10

Median Range

3 months after surgery 1 0–7

12 months after surgery 1 0–3

24 months after surgery 0 0–2

6 months after bar removal 0 0–2

Viggiano et al. Pectus Excavatum Correction in Adults
months after the operation, 53 patients (56.9%) reported no pain
[visual analog scale (VAS) = 0], while in the remaining 40
patients, the pain intensity decreased during the follow-up.
Pain scores are shown in Tables 4, 5. The pain was referred
to as torsion movements and was the main cause of
unchanged or worsened quality of life 1 year after the
operation in 13 patients (13.9%). Only eight patients (8.6%)
were disturbed by the bar after 24 months (pain in case of
work-related movements); five of them did not need painkillers.

At 24 months, more than 90% of patients described
improvement in their quality of life. Nevertheless, cosmetic
satisfaction was very high, with >90% of patients being satisfied:
only four patients (4.3%) were not satisfied with the presence of
hypertrophic skin scarring. These results remain stable also 6
months after bar removal with 94% of patients’ satisfaction: in
addition, two of the four patients dissatisfied at 24 months after
surgery became very satisfied after bar removal because of
plastic reconstruction of previous hypertrophic scar.
DISCUSSION

The etiology of PE is uncertain, but a familial tendency was
found in clinical experience. We also found some positive
family history with similar diseases and other connective
tissue diseases in our patient series. Other studies showed that
the etiology remains unclear, but it appears to be polygenetic.

Abnormal skeletal growth with inward compression of the
sternum upon intra-thoracic structures is the main
pathophysiological mechanism in this illness.

Other researchers said, it is formed as a result of unbalanced
growth of the costochondral regions of the anterior chest wall,
leading to symmetric and asymmetric anomalies.

The diagnosis of PE is clinical, but a chest CT scan had a
central role in the clinical assessment of PE and severity in
measuring the HI.

In our study, the MIRPE procedure was suggested in
cosmetically unsatisfied patients and/or with significant
Frontiers in Surgery | www.frontiersin.org 4
psychological impact, while the percentage of symptomatic PE
was low. Patients often have body image embarrassment,
which may result in adverse psychological symptoms and
lower quality of life (2, 3). PE is often considered a purely
cosmetic disorder; Kelly and colleagues reviewed autopsies and
concluded that patients with PE have a shorter life expectancy
because of that surgical repair in an adult is worthy and
requires more attention (4).

The correction of PE in adults is a challenging procedure (9)
because the rigid chest wall is less pliable than in childhood.

For the differences in costal cartilage flexibility, there is a
biomechanical disadvantage in performing the Nuss procedure
in adults (17, 18). Previous studies reported a linear
relationship between age-related rigidity and the elevating
force needed to raise the depressed sternum, approximately 2–
3 times greater than that in children (19). These physiological
reserves, however, have not been frequently addressed in the
literature: in fact, long-term results are rare, and there is a
lack of prospective randomized trials comparing MIRPE with
conventional surgery (e.g., Ravitch approach) (20).

Kim and colleagues (21) demonstrated longer operation time
and higher complication rate for MIRPE in adults compared
with children (58.3% vs. 11.1%); the same authors
recommended a careful selection of the patients to accomplish
better outcomes.

In the present series, all patients were adults with a median
age of 23 years (range 18–42): mortality was zero and we did
2022 | Volume 9 | Article 903791
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not observe any severe injury during surgical correction; we had
12 patients who developed 13 postoperative complications
(12.9%), a rate similar to previous reports (22, 23). We
experienced four-bar dislocations, all due to laceration of the
intercostal space since the extreme chest wall rigidity. To
overcome this inconvenience, we applied a longer bar,
positioned over the laceration in such a way that the stabilizer
was inserted in an intact intercostal space.

In adults, because of the presence of a relevant stiffness of the
anterior chest wall, it is often necessary to insert two bars to
correct the defects. In fact, Pilegaard et al. and Hoksch et al.,
in their recent works (9, 23), reported an incidence rate of
19%–37% of placement of two bars for optimal correction.
Similar data were presented in our series: 24 out of 93
patients (25.8%) needed two bars for correction without any
added complication and with good cosmetic results, as
demonstrated by the questionnaire applied.

Nagasao et al. (24) described that the insertion of two bars
might cause less pain due to a better distribution of the
dynamic forces at multiple thoracic levels; our outcomes
confirmed this observation: in fact, at 24 months of follow-up,
our patients experienced a median pain VAS score of 1 (range
0–4). Another inconvenience of the two bars was the
increased operative time to removal.

MIRPE has shown a positive effect on the psychosocial well-
being of children with PE and also an improvement in all
indicators of psychosocial functioning, including body image
satisfaction, as described by Lawson and colleagues (6). A
similar positive effect was shown in young males by
Krasopoulos et al. (14). Our series confirmed these results of
significant improvement in the quality of life in the immediate
postoperative period but also distant from surgery at 24
months and 6 months after bar removal.
Frontiers in Surgery | www.frontiersin.org 5
The limitations of this study include all the potential biases
proper of all retrospective analyses. In particular, it is a single-
institution series analyzed between 2011 and 2018.
Furthermore, data concerning the cosmetic appearance and
postoperative pain are subjective, with high variability between
patients and then not universally valid and standardized.
CONCLUSION

This paper demonstrated that MIRPE is a feasible approach for
PE correction in adults and is associated with good cosmetical
and subjective improvement of quality of life. The Nuss
technique ensures excellent results in terms of chest wall
remodeling, showing a high level of patient satisfaction in the
early and mid-term period and also after bar removal.

In the future, more rigorous long-term studies are needed to
better explain the role of MIRPE in adults.
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