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Background: This study described and evaluated the safety and efficacy of a modified

single incision non-thoracoscopic Nuss procedure in pectus excavatum (PE) children.

Methods: PE patients undergoing the non-thoracoscopic Nuss procedure at the

Children’s Hospital of Chongqing Medical University between January 2017 and

December 2020 were retrospectively enrolled. The patients were divided into two groups

according to operation procedures: the double incision Nuss (DN) group and themodified

single incision Nuss (SN) group. Propensity score matching (PSM) was applied before

evaluation of operative and postoperative characteristics to reduce selection bias.

Results: Of the 502 patients included, 261 were enrolled in the DN group, and 241

in the SN group. The operation time [35.0 (30.0–40.0) vs. 50.0 (40.0–55.0) minutes,

P < 0.001] and postoperative inpatient stay [7.0 (6.0–8.0) vs. 7.0 (7.0–8.0) days, P <

0.001] of the patients in the SN group after PSM were significantly shorter than those of

the patients in the DN group after PSM. Moreover, median blood loss was significantly

less in the SN group after PSM than that in the DN group after PSM [2.0 (1.0–5.0) vs.

5.0 (2.0–5.0) ml, P < 0.001]. There were no significant differences in the incidence of

complications between the two groups (P > 0.05). Bar removal was performed in 85

patients in the SN group within 24–42 months after surgery. Additionally, the SN group

patients had a significantly lower Haller index (HI) after bar removal [2.36 (2.15–2.55) vs.

3.76 (3.18–4.26), P < 0.001] compared to the initial HI.

Conclusions: The modified procedure is safe and effective for children with PE and is

worthy of clinical application.
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INTRODUCTION

Pectus excavatum (PE) is a common thoracic deformity, with an
incidence of ∼0.1–0.8% and a male to female ratio of 5:1 (1, 2).
Most infants and young children with PE are asymptomatic, but
as they get older and become more active, PE may lead to lack
of endurance, exercise intolerance, shortness of breath during
exertion, and abnormal psychological function, even results in
psychosocial disorders (1, 3). Moreover, severe PE may impair
cardiopulmonary function and affect the growth of children (2, 4,
5). Spontaneous resolution of PE is unlikely, and a more typical
process is the worsening of chest wall depression during rapid
vertical growth and puberty (6). Therefore, surgical approaches
are the most effective methods for correcting PE. The invasive
Ravitch procedure and the minimally invasive Nuss procedure
are the described surgical treatments for PE (7, 8).

The Nuss procedure for the minimally invasive repair of
PE was first reported in 1998 (8). Compared with the Ravitch
procedure, this approach has the advantages of less trauma,
better cosmetic effects, fewer serious complications, and excellent
surgical effects; therefore, the Nuss procedure has replaced open
surgery and become the main surgical procedure for treating PE
(8, 9). Although the Nuss procedure has several advantages, some
studies have revealed that it had complications of bar migration,
pneumothorax, and hemothorax and lead to a significant
decrease in postoperative pulmonary volume and function (10,
11). Thus, several studies have explored modified techniques for
the Nuss procedure in patients. A systematic review presented
recent modifications of the Nuss procedure which aimed to
pursue surgical safety and minimize complications (12). Two
studies described a modified Nuss procedure that was performed
through a single lateral thoracic incision to acquire aesthetic
outcomes (13, 14). However, these single incision procedures
were performed with thoracoscopic guidance, and few studies
have explored the efficacy and safety of single incision non-
thoracoscopic Nuss procedure in children. Thus, we conducted
this retrospective study to investigate the advantages, safety and
efficacy of the modified single incision non-thoracoscopic Nuss
procedure in PE children.

MATERIALS AND METHODS

Study Population and Clinical Information
We performed a retrospective, observational cohort study at
the Children’s Hospital of Chongqing Medical University, a
2,480-bed [95 cardiothoracic surgery beds] tertiary teaching
hospital in Chongqing, China, ranked among the top three
domestic children’s hospitals (rank list: http://top100.imicams.ac.
cn/home). A total of 502 patients hospitalized in cardiothoracic
surgery between January 2017 and December 2020 were
retrospectively included in the study. The PE patients enrolled

Abbreviations: PE, pectus excavatum; CT, computed tomography; UCG,

ultrasonic cardiogram; ECG, electrocardiogram; HI, Haller index; PDS,

polydioxanone; CICU, cardiac intensive care unit; DN, double incision Nuss;

SN, modified single incision Nuss; IQR, interquartile range; PSM, propensity

score matching.

in this study met the following inclusion criteria: (I) aged 3–
18 years (3, 15, 16), (II) patients with PE who underwent
the Nuss surgery. The exclusion criteria included any of
the following: (I) patients who underwent surgery with
thoracoscopic guidance, (II) treatment with a single bar was
ineffective, (III) patients receiving a thoracic surgery previously
who required an additional subxiphoid incision attribute to
difficult dissection of retrosternal adhesions, (IV) patients with
severe asymmetric chest and complex chest wall anomalies, (V)
patients received other operations concurrently, (VI) patients
with incomplete clinical information. The recurrent PE is a
non-exclusion criterion for this modified procedure. Trained
staff extracted patient data from electronic medical databases.
Demographic data, Haller index (HI) values, recurrent PE
status, ultrasonic cardiogram (UCG), electrocardiogram (ECG),
pulmonary function tests, surgery characteristics (duration of
surgery, estimated blood loss), postoperative complications,
duration of postoperative stay, follow-up time, and bar removal
time were retrospectively collected.

Classifications and Definitions
According to the differences in incisions, patients were divided
into two subgroups: (I) a double incision Nuss (DN) group and
(II) a modified single incision Nuss (SN) group. PE was defined
as an anatomic depression of the chest wall and it was diagnosed
based on a history of concave deformity of the anterior thorax
and physical examination (2). The severity of the chest wall
deformity was assessed by the HI values which were calculated
using computed tomography (CT) or/and chest radiograph (17).
The indications for surgical treatment included the following
criteria (18): (I) the HI > 3.25, (II) shortness of breath or
exercise intolerance, (III) mitral valve prolapse, bundle branch
block or other cardiac pathology attribute to PE, (IV) abnormal
pulmonary function tests, (V) substantial psychosocial concerns,
(VI) cardiac or pulmonary compression on CT or UCG, (VII)
progression of deformity, (VIII) previous repair failure. Of these
criteria, the 1st to the 5th criteria are the main criteria and the
last three are the minor criteria (19). In this study, PE patients
undergoing surgery met at least two criteria, of which it must
meet at least one of the major criteria.

Operative Methods
All patients were treated with pectus support bar system
(Biomet Microfixation Inc., Jacksonville, FL, USA) including
orthopedic bars and bar stabilizers, and instruments including
bar introducers, bar flippers and shaping forceps. The selected
size bar was precurved to fit the morphology of the chest. All
patients underwent general anesthesia with tracheal intubation
and were placed in the supine position with an arm abduction
of 90◦ prior to the start of the surgery. A single transverse
incision 2–3 cm was made in the left midaxillary line at the
lowest point of thoracic depression. And the subcutaneous tissue
was separated to reach the costal membrane. After that, blunt
dissection of tissue from the upper surface of the ribs to the lower
pectoralis layer to establish a transverse tunnel from the incision
forward to the hinge point (Supplementary Video 1). Then, the
bar introducer was used to dissect and establish the subcutaneous
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FIGURE 1 | The stabilizer was fixed with a steel wire encircled as “8”-shaped

on the groove of the bar.

tunnel on the right side of the chest. It was important that
the right chest tunnel was generous enough to allow the bar
traverse and rotation (Supplementary Video 2). The bent bar
was then passed along the tunnel with the convexity of the bar
facing posterior. Once in position, the bar was rotated 180◦ with
the bar flipper so that the convexity could face anterior and
elevate the sternum (Supplementary Video 3). The bar stabilizer
was set at the left end of the bar, and it was fixed with a
steel wire encircled as “8”-shaped on the groove of the bar
(Figure 1, Supplementary Video 4). In addition, we reinforced
the stabilizer to a rib with zero polydioxanone (PDS) sutures
(Supplementary Video 5). The incision was closed by layers. It
was unnecessary to place any thoracic drainage.

Postoperative Management
All patients were monitored in the cardiac intensive care unit
(CICU) at least for 1 day after surgery (Figure 2). All patients
received antibiotics and analgesics. The patients were required
to lie supine to avoid putting pressure on their chests. Early
ambulation was encouraged, and the patients should keep their
heads and chests up to avoid bending the lumbar spine. Chest
radiography was conducted on every patient to confirm the
location of the bar and evaluate the surgical effect (Figure 3).

FIGURE 2 | The appearance of the left chest wall incision and the corrected

chest 1 day after surgery.

Follow-Up
All patients were told to undergo regular postoperative follow-
up in the Outpatient Department during the 1st, 3rd, and 6th
months and during the 1st and 2nd years. In our center, we
decided the time span for bar removal based on the results of
previous studies (15, 16, 20, 21), the patients’ condition and our
experience. The bar was removed through the previous incision
2–3.5 years postoperatively. After bar removal, follow-up was
performed during the 1st and 6th months and during the 1st and
2nd years. During each visit, the surgeon performed a careful
physical examination; chest radiography was also conducted
routinely to assess the chest appearance. Once the bar was
removed, the CT or chest radiography was conducted to calculate
the postoperative HI.

Statistical Analysis
Continuous variables were expressed as the median with
interquartile ranges (IQRs), and categorical variables were
expressed as the counts (n) and percentages (%). The Mann–
Whitney U-test was used to compare the continuous variables
between two groups. Pearson’s chi-square or Fisher’s exact tests
were used to compare the categorical variables. Propensity score
matching (PSM) was performed to reduce the potential for
confounding by baseline factors between the two groups. A
multivariate logistic regression model, including age, sex, weight,
HI, UCG, ECG, pulmonary function tests, and recurrent PE,
was used to calculate the propensity scores. The 1:1 nearest
neighbormatchingmethod was employed, and the caliper was set
as 0.2. PSM was carried out without replacement. Non-matched
patients were discarded. The propensity score distribution was
evaluated to detect sufficient overlap between two groups to
ensure comparability. HI values before treatment and after bar
removal were compared by paired t-tests. A P < 0.05 was
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FIGURE 3 | The chest radiograph showed that bar placement and fixation 3 days after surgery.

regarded as statistically significant. IBM SPSS Statistics 22.0 (IBM
Corp., Armonk, NY, USA) was used for all statistical analyses.

RESULTS

Patient Demographics and Preoperative
Characteristics
During a period of 4 years, a total of 502 patients with
PE who underwent the non-thoracoscopic Nuss procedure
were included: 241 patients underwent the modified single
incision non-thoracoscopic procedure, and 261 underwent the
double incision non-thoracoscopic procedure. Twenty-one of
all patients underwent PE surgery and experienced recurrence:
19 patients underwent the Ravitch procedure, and two patients
underwent the Nuss procedure at the first treatment. Forty-six
patients showed cardiac compression, cardiac enlargement or
decreased left ventricular diastolic function on UCG. A total
of 148 patients had abnormal ECG results, including complete
or incomplete right bundle branch block, T-wave change,
atrioventricular block, and right or left deviation of the electrical
axis. And 162 patients showed abnormal pulmonary function
tests, including restrictive ventilation disorders, obstructive
ventilation disorders, and mixed ventilation disorders.

Operative and Postoperative
Characteristics
All 502 patients who underwent the Nuss procedure did
not occur intraoperative life-threatening events, such as
cardiopulmonary injury, cardiac arrest, and fatal bleeding. PSM
was performed to minimize the potential for confounding by
baseline factors between two groups. A total of 220 matched
patients included in the following analysis. Two group patients
had well-matched baseline characteristics (Table 1), and the
absolute standardized differences in the means were <0.10
(Figure 4). Operative and postoperative characteristics after
PSM are presented in Table 2. The median operation time and

postoperative inpatient stay in the SN group was significantly
shorter than those in the DN group [35.0 (30.0–40.0) vs. 50.0
(40.0–55.0) minutes, P < 0.001; 7.0 (6.0–8.0) vs. 7.0 (7.0–8.0)
days, P < 0.001, respectively]. Moreover, the SN group patients
had significantly less blood loss when compared to the DN
group [2.0 (1.0–5.0) vs. 5.0 (2.0–5.0) ml, P<0.001]. There
were no remarkable differences in postoperative complications
(pneumonia, asymptomatic pneumothorax, pleural effusion, and
incision infection) between two groups after PSM (P > 0.05;
Table 2).

Follow-Up and Clinical Outcomes
The follow-up period was 10–58 months. During the follow-
up period, bar displacement that required reoperation occurred
in five patients, two of whom were in the SN group. However,
there was no remarkable differences in the incidence of bar
displacement between two groups after PSM (P= 1.000;Table 2).
Complications, such as acquired scoliosis, metal allergy, and
deformity recurrence after bar removal, did not occur. All
patients had excellent chest appearances after surgery. The bar
was removed in 85 patients in the SN group and 110 patients
in the DN group within 24–42 months after surgery. In our
study, 185 patients’ time span for bar removal was 2–3 years,
10 patients delayed the time due to academic or respiratory
infections. The follow-up period after bar removal was 3–20
months. Table 3 showed the median HI 3 months after bar
removal had a significantly decrease when compared to the HI
before operative correction both in the SN group and DN group
[2.36 (2.15–2.55) vs. 3.76 (3.18–4.26), P < 0.001; 2.37 (2.05–2.65)
vs. 3.43 (3.03–4.12), P < 0.001, respectively]. During the follow-
up period, 195 patients with bar removal obtained an excellent
appearance in two groups.

DISCUSSION

Although the Nuss procedure has several advantages, some
studies have revealed that it has some shortcomings, such as
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TABLE 1 | Demographics and clinical characteristics.

Variables Before PSM After PSM

SN (n = 241) DN (n = 261) Standardized

differences

SN (n = 220) DN (n = 220) Standardized

differences

Age (years), median (IQR) 8.17 (5.08–13.13) 7.33 (5.08–12.71) 0.071 7.63 (5.00–12.90) 7.04 (5.00–12.58) 0.047

Male sex, n (%) 198 (82.2) 204 (78.2) 0.104 178 (80.9) 177 (80.5) 0.012

Weight (kg), median (IQR) 23.50 (18.00–41.00) 22.00 (18.00–35.00) 0.138 22.00 (18.00–40.00) 22.00 (18.00–35.00) 0.042

HI, median (IQR) 3.68 (3.17–4.22) 3.47 (3.01–4.09) 0.052 3.65 (3.16–4.18) 3.49 (3.01–4.10) −0.052

Recurrent PE, n (%) 7 (2.9) 14 (5.4) −0.146 5 (2.3) 5 (2.3) 0

UCG, n (%) 21 (8.7) 25 (9.6) −0.031 19 (8.6) 20 (9.1) −0.016

ECG, n (%) 74 (30.7) 74 (28.4) 0.051 66 (30.0) 65 (29.5) 0.010

Pulmonary function, n (%) 83 (34.4) 79 (30.3) 0.088 68 (30.9) 70 (31.8) −0.019

DN, double incision Nuss; SN, modified single incision Nuss; PSM, propensity score matching; IQR, interquartile range; HI, Haller index; PE, pectus excavatum; UCG, ultrosonic

cardiogram; ECG, electrocardiogram.

FIGURE 4 | Improvement in covariate balance by propensity scoring. Plot

showing improvement in standardized differences in means for all measured

covariates in patients in the propensity-matched cohorts. An absolute

standardized difference <0.10 shows adequate matching. HI, Haller index; PE,

pectus excavatum; UCG, ultrasonic cardiogram; ECG, electrocardiogram;

PSM: Propensity score matchaing.

intraoperative cardiac injury, complications of bar displacement,
pneumothorax and prolonged postoperative pain (16, 22). Thus,
various modified methods and techniques have been used in the
Nuss procedure over the past 20 years. Many improvements have
focused on how to lift the depressed sternum more precisely
and insert the bar in a safer manner, such as assistance with a
bilateral thoracoscopy, adding a subxiphoid incision, and sternal
elevation by using a vacuum bell or crane techniques (20, 23, 24).

The application of stabilizers and modified fixation techniques
have effectively decreased the postoperative bar displacement
(15, 25). However, the improvement in cosmetic effects were
relatively limited. A survey from the Chinese Association of
Thoracic Surgeons revealed that the most common reason for
patients to require surgery was psychological discomfort due
to PE deformity, and cosmetic requests came second (26).
The minimally invasive procedure has a better cosmetic result.
Furthermore, the minimally invasive procedure can promote
self-esteem and improve psychosocial functions.

To the best of our knowledge, this study is one of the
largest studies to investigate the advantages, safety and efficacy of
the modified single incision non-thoracoscopic Nuss procedure.
In our study, the SN group patients receiving bar removal
obtained an excellent chest appearance without recurrence. In
addition, the SN group patients had an advantage of fewer
incisions compared to the DN group patients, which might
effectively decrease surgery time and diminish intraoperative
trauma. Our study demonstrated that the postoperative hospital
stay in the SN group was significantly shorter than that in
the DN group. A possible explanation for shorter postoperative
hospital stay was that the SN group patients might experience
less pain when compared to the DN group. A previous study
showed that the postoperative pain was associated with breathing
exercises and other activities that promoted postoperative
recovery (6). In addition, a systematic review demonstrated
that a longer operative duration was associated with increased
wound contamination and might lead to a higher infection
rate and longer healing time (27). Although no significant
differences in the incision infection rates were found between
SN and DN groups (P = 0.079). The results showed that
the incision infection rate of the SN group was 1.4%, which
was lower than that in the DN group (4.1%). Thus, our
study showed that a single incision and less intraoperative
trauma could relieve postoperative incision pain, decrease
the incision infection rates and shorten the postoperative
hospital time.

Some studies have demonstrated that there was a risk of lung
or cardiac injury when introducers and orthopedic bars pass back
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TABLE 2 | Operative and postoperative characteristics of SN and DN groups after PSM.

Variables SN (n = 220) DN (n = 220) P

Duration of surgery (minutes), median (IQR) 35.0 (30.0–40.0) 50.0 (40.0–55.0) <0.001

Blood loss (ml), median (IQR) 2.0 (1.0–5.0) 5.0 (2.0–5.0) <0.001

Duration of postoperative stay (days), median (IQR) 7.0 (6.0–8.0) 7.0 (7.0–8.0) <0.001

Postoperative complications, n (%)

Pneumothorax 1 (0.5) 2 (0.9) 1.000

Pleural effusion 4 (1.8) 2 (0.9) 0.685

Pneumonia 16 (7.3) 26 (11.8) 0.105

Incision infection 3 (1.4) 9 (4.1) 0.079

Bar displacement 2 (0.9) 2 (0.9) 1.000

DN, double incision Nuss; SN, modified single incision Nuss; PSM, propensity score matching; IQR, interquartile range.

TABLE 3 | HI pre-treatment and HI after bar removal in SN and DN groups.

Variables SN (n = 85) DN (n = 110)

HI pre-treatment, median (IQR) 3.76 (3.18–4.26) 3.43 (3.03–4.12)

HI after bar removal, median (IQR) 2.36 (2.15–2.55) 2.37 (2.05–2.65)

T 13.066 14.425

P <0.001 <0.001

HI, Haller index; SN, modified single incision Nuss; DN, double incision Nuss; IQR,

interquartile range.

and forth, so some thoracic surgeons insisted that it was necessary
to perform operations with the guidance of thoracoscope in order
to ensure safety and reduce complications (28, 29). Previous
studies have reported the modification of using a single lateral
incision with thoracoscopic guidance (13, 14). However, the Nuss
surgery was initially performed without thoracoscopic guidance
(8). Moreover, studies by Han et al. (30) and Sacco Casamassima
et al. (31) have shown that compared with thoracoscopic-assisted
procedures, non-thoracoscopic procedure could simplify the
operation and save surgery time in both children and adults.
We have completed more than 1,000 cases of non-thoracoscopic
Nuss procedures over the past decade in our center and no
intraoperative life-threatening events occurred (3). We chose the
left lateral chest incision rather than the right side in order to
avoid cardiac injury in the modified procedure.

When the introducer passed through the intercostal space
and enters the retrosternal space from the left approach, the
introducer had crossed most of the region corresponding to
the heart. Thus, we think the risks of cardiac or pericardial
injury could be reduced with the left lateral approach. The
end of the introducer and bar should be adjusted to make
the concavity upwards when entering the retrosternal space,
and the introducer and bar should be moved closely to the
back of the sternum in a light and gentle manner during
operation (Supplementary Video 2). In the movement process
of the introducer and bar, the ECG should be observed
carefully. A survey from the Chinese Association of Thoracic
Surgeons indicated that about half of the responders undertook
cardiac injury prevention strategies, and only 49.41% of them

adopted thoracoscopy (26). In addition, a previous study has
pointed out that thoracoscopy alone did not eliminate the
risk of cardiac puncture (32). In our study, no intraoperative
life-threatening events occurred in patients receiving the
modified single incision non-thoracoscopic Nuss procedure.
Hence, our modified procedure without thoracoscopic was safe.

The accurate selection and evaluation of patients is important
to reduce the intraoperative risks. In terms of the surgeons’
choice, the modified procedure was completed by a left single
incision without thoracoscopic guidance, so the operation might
require proficient and experienced surgeons. For beginners,
simple and symmetrical patients should be selected for this
modified procedure with the guidance of an experienced surgeon.
In the selection of patient age, we chose children aged 3–18 for
surgery. We had successfully performed modified procedures in
these children. The study of Park et al. (15, 16) has demonstrated
that early repair of PE in patients ≥3 years old was safe and
effective, and early repair of PE was associated with avoiding
asymmetry transformation of the deformity and improving the
patients’ growth potential. Furthermore, our previous study
have indicated that age was a risk factor for the occurrence of
psychosocial disorders, and patients with severe PE for a longer
time had more serious psychosocial disorders and a hard time
recovering, and most patients did not perceive their deformity
before the age of 4 years (3). Therefore, it is reasonable that
children with PE receive Nuss procedure at the age of 3–
18 years. In addition, the exclusion criteria are undoubtedly
very important. In clinical practice, some patients might not
be suitable for the modified procedure. Patients who meet the
following three conditions are not candidates for this modified
surgery. Firstly, PE patients with severe asymmetric chest and
complex chest wall deformity should not be considered for the
modified procedure due to the complex operation. Secondly, PE
patients with chest deformity over multiple rib levels or stiff chest
wall cannot benefit much from the single bar. Thirdly, some PE
patients undergoing thoracic surgery previously are not suitable
for this modified surgery because these patients might require
an additional subxiphoid incision due to difficult dissection of
retrosternal adhesions.

Whether it is a standard Nuss procedure or any variety
of modified Nuss procedures, bar fixation is the key factor
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in ensuring the surgical effect. As our procedure adopted
a single incision and no bar stabilizer was placed at the
contralateral side, some surgeons raised concerns that the use of
a unilateral bar stabilizer might increase bar displacement and
recurrence. However, only 2 patients in the SN group suffered
from bar displacement in the follow-up, which indicated that
the use of a unilateral stabilizer was effective. Similar to our
findings, many reports have shown that a unilateral bar stabilizer
provided enough support to ensure the stability of the bar, and
some thoracic surgeons believed that the stability of the bar
depended not only on the stabilizer but also on the fulcrum
effect provided by the bar spanning 2–3 ribs on the bilateral
sides (13, 16). Thus, in order to reach the fulcrum effect, a
suitable subcutaneous tunnel and appropriate location of the
bar is necessary. Furthermore, compared with bilateral stabilizer
fixation, single stabilizer fixation could reduce consumables
and expenses, and removal of the bar can be completed by a
single incision.

The introduction of pericostal sutures combined with the bar
stabilizer reduced the bar displacement rates (20). On the basis
of the bar stabilizer, we encircled the groove of the bar with
steel wire to prevent the stabilizer from sliding outward, which
was the most important improvement measure to prevent bar
displacement (Figure 1). At the same time, zero PDS sutures
were placed around the stabilizer and the underlying rib to
ensure the stability of the bar and the stabilizer, which prevented
the bar from rotating. Kelly et al. (12) showed that the bar
displacement requiring reoperations was 1.8%. However, the bar
displacement rate in our study was <1%, which indicted the
modified procedure was safe and effective.

There are several limitations to this study. Firstly, this was
a retrospective single-institution study, and it was difficult to
control all the variables to avoid biases. Secondly, the follow-
up period was limited, and the sample size was relatively
small, especially for patients who completed the modified Nuss
procedure and bar removal. Thirdly, the modified procedure
requires surgeons to be highly proficient and experienced.
A larger multicenter prospective study is needed to explore
the safety and efficacy of the modified single incision non-
thoracoscopic Nuss procedure.

CONCLUSIONS

The modified procedure is safe and effective for children with PE
and is worthy of clinical application.

DATA AVAILABILITY STATEMENT

The raw data supporting the conclusions of this article will be
made available by the authors, without undue reservation.

ETHICS STATEMENT

The studies involving human participants were reviewed and
approved by the Institutional Review Board of Children’s
Hospital of Chongqing Medical University. Written informed
consent to participate in this study was provided by the
participants’ legal guardian/next of kin. Written informed
consent was obtained from the individual(s), and minor(s)’ legal
guardian/next of kin, for the publication of any potentially
identifiable images or data included in this article.

AUTHOR CONTRIBUTIONS

JS drafted and revised the manuscript, carried out clinical data
collection, data analysis and interpretation, and contributed to
the design of the study. QW critically revised the manuscript
and contributed to the design of the study. ZP, CW, YL, GW,
and JD critically revised the manuscript. LX contributed to the
design of the study. HL conceptualized and designed the study,
critically revised the manuscript, and oversaw the creation of
the final manuscript. All authors approved the final manuscript
as submitted and agree to be accountable for all aspects of
the work.

FUNDING

This study was supported by the National Clinical
Research Center for Child Health and Disorders funding
project (NCRCCHD-2021-YP-17).

ACKNOWLEDGMENTS

We sincerely thank all the children and their parents for their
cooperation during this study.

SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found
online at: https://www.frontiersin.org/articles/10.3389/fped.
2022.831617/full#supplementary-material

REFERENCES

1. Obermeyer R, Goretsky M. Chest wall deformities in pediatric surgery. Surg

Clin North Am. (2012) 92:669–84. doi: 10.1016/j.suc.2012.03.001

2. Brochhausen C, Turial S, Müller F, Schmitt V, CoerdtW,Wihlm J, et al. Pectus

excavatum: history, hypotheses and treatment options. Interact Cardiovasc

Thorac Surg. (2012) 14:801–6. doi: 10.1093/icvts/ivs045

3. Li H, Jin X, Fan S, Wang D, Wu C, Pan Z, et al. Behavioural disorders

in children with pectus excavatum in China: a retrospective cohort

study with propensity score matching and risk prediction model.

Eur J Cardiothorac Surg. (2019) 56:596–603. doi: 10.1093/ejcts/e

zz038

4. Zens T, Casar Berazaluce A, Jenkins T, Hardie W, Alsaied T, Tretter J,

et al. The severity of pectus excavatum defect is associated with impaired

cardiopulmonary function. Ann Thorac Surg. (2021) S0003-4975:01442-

9. doi: 10.1016/j.athoracsur.2021.07.051

5. Park H, Kim J, Park J, Moon S. A cross-sectional study for the development

of growth of patients with pectus excavatum. Eur J Cardiothorac Surg. (2016)

50:1102–9. doi: 10.1093/ejcts/ezw162

6. Nuss D, Obermeyer R, Kelly R. Pectus excavatum from a

Frontiers in Pediatrics | www.frontiersin.org 7 February 2022 | Volume 10 | Article 831617

https://www.frontiersin.org/articles/10.3389/fped.2022.831617/full#supplementary-material
https://doi.org/10.1016/j.suc.2012.03.001
https://doi.org/10.1093/icvts/ivs045
https://doi.org/10.1093/ejcts/ezz038
https://doi.org/10.1016/j.athoracsur.2021.07.051
https://doi.org/10.1093/ejcts/ezw162
https://www.frontiersin.org/journals/pediatrics
https://www.frontiersin.org
https://www.frontiersin.org/journals/pediatrics#articles


Song et al. Single Incision Non-thoracoscopic Nuss Procedure

pediatric surgeon’s perspective. Ann Cardiothorac Surg. (2016)

5:493–500. doi: 10.21037/acs.2016.06.04

7. Ravitch M. The operative treatment of pectus excavatum. Ann Surg. (1949)

129:429–44. doi: 10.1097/00000658-194904000-00002

8. Nuss D, Kelly R, Croitoru D, Katz M. A 10-year review of a minimally invasive

technique for the correction of pectus excavatum. J Pediatr Surg. (1998)

33:545–52. doi: 10.1016/S0022-3468(98)90314-1

9. Toci G, Davis T, Bigelow B, Yang S. Analyzing outcomes of nuss and ravitch

repair for primary and recurrent pectus excavatum in adults.Ann Thorac Surg.

(2020) 110:272–5. doi: 10.1016/j.athoracsur.2019.12.012

10. Nasr A, Fecteau A, Wales P. Comparison of the Nuss and the Ravitch

procedure for pectus excavatum repair: a meta-analysis. J Pediatr Surg. (2010)

45:880–6. doi: 10.1016/j.jpedsurg.2010.02.012

11. Gao Z, Huang S, Tang Y,Wang S, ZhuangW, Ding Y, et al. Factors influencing

negative surgical outcomes in adult pectus excavatum patients undergoing

Nuss procedure. Ann Transl Med. (2021) 9:1335. doi: 10.21037/atm-21-3822

12. Kelly R, Obermeyer R, Goretsky M, Kuhn M, Frantz F, McGuire M, et al.

Recent modifications of the Nuss procedure: the pursuit of safety during the

minimally invasive repair of pectus excavatum. Ann Surg. (2020) 275:e496–

502. doi: 10.1097/SLA.0000000000003877

13. Clark J, Johnson S. Single incision Nuss procedure for pectus excavatum.

Pediatr Surg Int. (2011) 27:733–6. doi: 10.1007/s00383-011-2876-6

14. Cafarotti S, Memoli E, Patella M, Rugel G, Minerva E, Mendoza

C, et al. Uniportal VATS for pectus excavatum: the Southern

Switzerland experience. Eur Rev Med Pharmacol Sci. (2020)

24:9008–11. doi: 10.26355/eurrev_202009_22843

15. Park H, Sung S, Park J, Kim J, Jeon H, Wang Y. How early can we repair

pectus excavatum: the earlier the better? Eur J Cardiothorac Surg. (2012)

42:667–72. doi: 10.1093/ejcts/ezs130

16. Park H, Jeong J, Jo W, Shin J, Lee I, Kim K, et al. Minimally invasive repair

of pectus excavatum: a novel morphology-tailored, patient-specific approach.

J Thorac Cardiovasc Surg. (2010) 139:379–86. doi: 10.1016/j.jtcvs.2009.09.003

17. Haller J, Kramer S, Lietman S. Use of CT scans in selection of patients

for pectus excavatum surgery: a preliminary report. J Pediatr Surg. (1987)

22:904–6. doi: 10.1016/S0022-3468(87)80585-7

18. Kelly R. Pectus excavatum: historical background, clinical picture,

preoperative evaluation and criteria for operation. Semin Pediatr Surg.

(2008) 17:181–93. doi: 10.1053/j.sempedsurg.2008.03.002

19. Gibreel W, Zendejas B, Joyce D, Moir C, Zarroug A. Minimally

invasive repairs of pectus excavatum: surgical outcomes, quality of

life, and predictors of reoperation. J Am Coll Surg. (2016) 222:245–

52. doi: 10.1016/j.jamcollsurg.2015.11.020

20. Nuss D, Obermeyer R, Kelly R. Nuss bar procedure: past, present and future.

Ann Cardiothorac Surg. (2016) 5:422–33. doi: 10.21037/acs.2016.08.05

21. Kelly R, Goretsky M, Obermeyer R, Kuhn M, Redlinger R, Haney T,

et al. Twenty-one years of experience with minimally invasive repair of

pectus excavatum by the Nuss procedure in 1215 patients. Ann Surg. (2010)

252:1072–81. doi: 10.1097/SLA.0b013e3181effdce

22. Uhl K, Wilder R, Fernandez A, Huang H, Muhly W, Zurakowski D, et

al. Postoperative pain and psychological outcomes following minimally

invasive pectus excavatum repair: a report from the Society for Pediatric

Anesthesia Improvement Network. Paediatr Anaesth. (2020) 30:1006–

12. doi: 10.1111/pan.13942

23. St Peter S, Sharp S, Ostlie D, Snyder C, Holcomb G, Sharp

R. Use of a subxiphoid incision for pectus bar placement in

the repair of pectus excavatum. J Pediatr Surg. (2010) 45:1361–

4. doi: 10.1016/j.jpedsurg.2010.02.115

24. Jaroszewski D, Johnson K, McMahon L, Notrica D. Sternal elevation

before passing bars: a technique for improving visualization and

facilitating minimally invasive pectus excavatum repair in adult patients.

J Thorac Cardiovasc Surg. (2014) 147:1093–5. doi: 10.1016/j.jtcvs.2013.

09.049

25. Park H, Kim K, Lee S, Jeon H. A next-generation pectus excavatum repair

technique: new devices make a difference. Ann Thorac Surg. (2015) 99:455–

61. doi: 10.1016/j.athoracsur.2014.08.026

26. Shi R, Xie L, Chen G, Zeng Q, Mo X, Tang J, et al. Surgical management

of pectus excavatum in China: results of a survey amongst members of

the Chinese Association of Thoracic Surgeons. Ann Transl Med. (2019)

7:202. doi: 10.21037/atm.2019.05.03

27. Korol E, Johnston K, Waser N, Sifakis F, Jafri H, Lo M, et al. A systematic

review of risk factors associated with surgical site infections among surgical

patients. PLoS ONE. (2013) 8:e83743. doi: 10.1371/journal.pone.0083743

28. Palmer B, Yedlin S, Kim S. Decreased risk of complications with bilateral

thoracoscopy and left-to-right mediastinal dissection during minimally

invasive repair of pectus excavatum. Eur J Pediatr Surg. (2007) 17:81–

3. doi: 10.1055/s-2007-965012

29. Saxena A, Castellani C, Höllwarth M. Surgical aspects of

thoracoscopy and efficacy of right thoracoscopy in minimally

invasive repair of pectus excavatum. J Thorac Cardiovasc Surg. (2007)

133:1201–5. doi: 10.1016/j.jtcvs.2007.01.040

30. Han Y, Wang J, Li W, Gu Z, Zhang T, Lu Q, et al. Non-

thoracoscopic extrapleural Nuss procedure for the correction of

pectus excavatum in children. Eur J Cardiothorac Surg. (2010)

37:312–5. doi: 10.1016/j.ejcts.2009.08.024

31. Sacco CasamassimaM, Gause C, Goldstein S, Karim O, Swarup A, McIltrot K,

et al. Patient satisfaction after minimally invasive repair of pectus excavatum

in adults: long-term results of Nuss procedure in adults. Ann Thorac Surg.

(2016) 101:1338–45. doi: 10.1016/j.athoracsur.2015.09.102

32. Notrica D. The Nuss procedure for repair of pectus excavatum: 20

error traps and a culture of safety. Semin Pediatr Surg. (2019) 28:172–

7. doi: 10.1053/j.sempedsurg.2019.04.020

Conflict of Interest: The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could be construed as a

potential conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors

and do not necessarily represent those of their affiliated organizations, or those of

the publisher, the editors and the reviewers. Any product that may be evaluated in

this article, or claim that may be made by its manufacturer, is not guaranteed or

endorsed by the publisher.

Copyright © 2022 Song, Wang, Pan, Wu, Li, Wang, Dai, Xi and Li. This is an

open-access article distributed under the terms of the Creative Commons Attribution

License (CC BY). The use, distribution or reproduction in other forums is permitted,

provided the original author(s) and the copyright owner(s) are credited and that the

original publication in this journal is cited, in accordance with accepted academic

practice. No use, distribution or reproduction is permitted which does not comply

with these terms.

Frontiers in Pediatrics | www.frontiersin.org 8 February 2022 | Volume 10 | Article 831617

https://doi.org/10.21037/acs.2016.06.04
https://doi.org/10.1097/00000658-194904000-00002
https://doi.org/10.1016/S0022-3468(98)90314-1
https://doi.org/10.1016/j.athoracsur.2019.12.012
https://doi.org/10.1016/j.jpedsurg.2010.02.012
https://doi.org/10.21037/atm-21-3822
https://doi.org/10.1097/SLA.0000000000003877
https://doi.org/10.1007/s00383-011-2876-6
https://doi.org/10.26355/eurrev_202009_22843
https://doi.org/10.1093/ejcts/ezs130
https://doi.org/10.1016/j.jtcvs.2009.09.003
https://doi.org/10.1016/S0022-3468(87)80585-7
https://doi.org/10.1053/j.sempedsurg.2008.03.002
https://doi.org/10.1016/j.jamcollsurg.2015.11.020
https://doi.org/10.21037/acs.2016.08.05
https://doi.org/10.1097/SLA.0b013e3181effdce
https://doi.org/10.1111/pan.13942
https://doi.org/10.1016/j.jpedsurg.2010.02.115
https://doi.org/10.1016/j.jtcvs.2013.09.049
https://doi.org/10.1016/j.athoracsur.2014.08.026
https://doi.org/10.21037/atm.2019.05.03
https://doi.org/10.1371/journal.pone.0083743
https://doi.org/10.1055/s-2007-965012
https://doi.org/10.1016/j.jtcvs.2007.01.040
https://doi.org/10.1016/j.ejcts.2009.08.024
https://doi.org/10.1016/j.athoracsur.2015.09.102
https://doi.org/10.1053/j.sempedsurg.2019.04.020
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/pediatrics
https://www.frontiersin.org
https://www.frontiersin.org/journals/pediatrics#articles

	The Safety and Efficacy of the Modified Single Incision Non-thoracoscopic Nuss Procedure for Children With Pectus Excavatum
	Introduction
	Materials and Methods
	Study Population and Clinical Information
	Classifications and Definitions
	Operative Methods
	Postoperative Management
	Follow-Up
	Statistical Analysis

	Results
	Patient Demographics and Preoperative Characteristics
	Operative and Postoperative Characteristics
	Follow-Up and Clinical Outcomes

	Discussion
	Conclusions
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Funding
	Acknowledgments
	Supplementary Material
	References


