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Abstract: Objective: To observe the effects of minimally invasive surgical repair of pectus excavatum (NUSS) on the
degree of chest flatness, cardiopulmonary function, and bone metabolism indexes in children of various age groups.
Methods: In this retrospective study, 62 children with pectus excavatum admitted to our hospital were divided into
two groups: group A (3-12 years old) and group B (>12 years old), with 31 cases in each group. All of them were
treated with NUSS. The treatment effectiveness, perioperative indexes (operation time, blood loss, ground time, and
hospitalization time), degree of chest flatness, cardiopulmonary function, bone metabolism indicators, and compli-
cations were compared between the two groups. Results: There was no significant difference between patients in
the two groups in terms of operation time, blood loss, ground time, and hospitalization time (all P>0.05). The overall
response rate to treatment in group A (93.55%) was higher than that of group B (70.97%; P<0.05). Three months
after the operation, the chest flatness as well as serum alkaline phosphatase and its bone isoform levels in both
groups were decreased, while left ventricular ejection fraction, cardiac index, stroke volume, FEV1, and peak expira-
tory flow levels were increased compared to before the operation, and the improvement in the above indicators of
group A was better than Group B (all P<0.05). There was no significant difference in the incidence of complications
between the two groups (16.13% vs. 9.68%; P>0.05). Conclusion: NUSS surgery can achieve satisfactory results in
treating children with pectus excavatum at different ages. However, in a certain age range, a younger age indicates
a better effect. NUSS procedure effectively improves postoperative flat chest, cardiopulmonary function, and bone
metabolism indexes.
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Introduction

Pectus excavatum is a common chest wall
deformity. It is mainly characterized by sternal
depression, which accounts for about 90% of
children’s chest wall deformities. The disease
is difficult to detect when the symptoms of
compression of the pectus excavatum are mild
in infancy. Some children only have inspiratory
stridor and sternal aspiration depression, and
there is no respiratory tract obstruction [1]. Due
to the thinness of young children, pediatric

patients are prone to upper respiratory tract
infection. As the disease progresses, the infec-
tion can further compress the heart and lungs,
and cause respiratory difficulty, chest pain, and
palpitation due to declines in cardiopulmonary
function [2, 3]. If the disease progresses to a
serious degree, in addition to thoracic deformi-
ties, there will be special body problems such
as hunchback and abdominal protrusion, which
seriously affect the psychological and physical
health of children [4]. Research showed that
children’s age is closely related to the degree of
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thoracic deformity depression [5]. The older the
age is, the higher the degree of external thorax
flatness will be with worse postoperative treat-
ment effect. Therefore, the option of an effec-
tive surgical method is of great significance for
improving the surgical effect in children of dif-
ferent ages, shortening recovery time, and
effectively improving the postoperative degree
of chest flatness.

At present, the clinical treatment of pectus
excavatum is mainly based on surgical meth-
ods. The traditional methods are mainly sterno-
turnover operation and sternal lift (Ravitch).
The former is seldom used clinically because
of tremendous trauma, more intraoperative
bleeding, and higher risk of postoperative com-
plications such as abnormal breathing, sternal
infection, and necrosis [6]. Although the latter
is suitable for patients of all ages and any mal-
formation, the long surgical incision, serious
complications such as abnormal breathing and
thoracic stenosis still occur after the operation,
and thus it has limited clinical application [7].
Minimally invasive surgical correction of pectus
excavatum (NUSS) has become the most widely
used method in recent years. It mainly sup-
ports the sternum through a prefabricated
shaping steel plate, creating a minimally inva-
sive operation without cutting costal cartilage
and sternal osteotomy [8, 9]. However, at pres-
ent, the ideal surgical age is still controversial.
Given this, this study observed the effects of
NUSS on postoperative flat chest, cardiopulmo-
nary function, and bone metabolism indexes in
different age groups, which can be used as a
reference for both clinical selection of the oper-
ation timing and prediction of postoperative
efficacy.

Materials and methods
General data

Approved by Guangdong Women and Children
Hospital Medical Ethics Committee (No. 2022-
01083), this retrospective study analyzed clini-
cal data of 62 children with pectus excavatum
treated in our hospital from March 2017 to
February 2021. They were divided into group A
(3-12 years old) and group B (>12 years old),
with 31 cases in each group. The patients’ fam-
ily members were informed of the research
contents and signed informed consent form.
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Inclusion and exclusion criteria

Inclusion criteria: (1) Patients whose pectus
excavatum met the relevant diagnostic criteria
in the Chinese Expert Consensus on the Sur-
gical Treatment of Pectus excavatum [9]. (2)
Patients who received surgical treatment for
the first time and their symptoms met the surgi-
cal indications. (3) The clinical data of all
patients were complete.

Exclusion criteria: (1) Patients who had other
respiratory system diseases or diseases that
may cause respiratory dysfunction except for
pectus excavatum. (2) Patients who had coagu-
lation dysfunction. (3) Patients who had severe
hepatic or renal dysfunction; (4) Patients who
participated in other studies at the same time
or could not cooperate with the medical staff.

Treatment methods

All the children underwent NUSS procedure.
The details were as follows. The children lay
supine on the operating table with both upper
limbs maintained at a 90° angle. The surgery
was conducted under general anesthesia with
endotracheal intubation. The lowest point of
the sternum was used as the steel plate pene-
tration position and marked, and the highest
point of the sternum was used as the steel
plate exit position and also marked before the
operation. The bender was used to make a
steel plate of appropriate length into an appro-
priate curvature, parallel to the lowest part of
the sternum depression. Two transverse inci-
sions of about 2-3 cm in length were made at
the intersection with the axillary midline of the
chest wall. The intercostal muscles were sepa-
rated, and the steel plate passed through the
left tunnel, intercostal space, and sternal
depression in turn under the guidance of the
guide and finally exited at the highest point of
the edge of the right side of the depression. The
steel plate should adhere to the front chest wall
and not enter the chest cavity when passing
through the chest. After the right tunnel was
passed through, the guide’s front end was con-
nected to one end of the plastic steel plate.
During the connecting process, the steel plate
concavity was kept upward and it was ensured
that it enter the left tunnel. When the steel
plate reached the depression of the sternum, it
was turned horizontally by a 180° angle, and
the convex surface of the steel plate was direct-
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ly pushed up the chest wall for shaping.
Operators should ensure that both ends of the
steel plate are closely attached to the gap
between the chest walls and fixed. According to
the age, a one end fixed piece or two-side fixed
piece were used for fixation. After the opera-
tion, all children were given analgesia, and their
families were told that children were prohibited
from tumbling and bending within seven days.
Bending and moving objects were prohibited
within two months. According to the individual
differences of the children, the steel plate was
usually removed in two years, and the indwell-
ing time of the steel plate was prolonged for
those with older age or severe deformity.

Outcome measures

All the children underwent outpatient review
once a month after discharge, during which
patients were followed up, and the prognosis of
the patients was assessed by cardiopulmonary
function and degree of thoracic flattening.

Primary outcome measures

Surgical effects: The effect of the operation
was evaluated two days after the operation. It
was defined as markedly effective when the
child’s sternum was plump and smooth, with no
depression, no residual sternal depression and
better thoracic elasticity, when the position of
the fixed plate and the steel plate were normal
according to the chest X-ray examination.
Effectiveness indicated that the child’s ster-
num was slightly depressed, the fixation plate
and the steel plate had no displacement, and
the degree of residual sternal depression was
less than 20% before the operation through
chest X-ray examination. Ineffectiveness meant
that the child’'s sternum was collapsed, the
appearance of the chest was deformed, and
the fixation plate and the steel plate were shift-
ed seriously. Total effective rate = (significantly
effective number of people + effective number
of people)/total number of people *100%.

Cardiopulmonary function: The JQ-H cardiac
function tester (Hefei Jiangiao Medical Elec-
tronics Co., Ltd., Wanxie Zhuzhun 20162210-
287) was used to detect left ventricular ejec-
tion fraction (LVEF), cardiac index (Cl), and
stroke volume (SV) before and 3 months after
the operation. Cl (L/(min-m?)) = (heart rate
(beats/min) x stroke index (mL/m?))/1,000.
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The percentage of forced expiration (FEV1),
vital capacity (VC), and peak flow rate (PEF)
before and 7d after the operation were mea-
sured by Spirostik Complete pulmonary func-
tion meter (German Gretel Pulmonary Function
Priority Company, National Instruments Injec-
tion 20152070890).

Chest flatness degree: The funnel index (Fl)
before and 3 months after the operation was
calculated according to the Wada Shoulang
method. Fl = funnel depression external edge
longitudinal diameter length (cm) x funnel de-
pression external edge transverse diameter
length (cm) x the length of the horizontal line of
the outer edge of the funnel depression to the
deepest part of the depression (cm)/sternal
length (cm) x sternal transverse diameter (cm)
x the shortest distance from the posterior edge
of the sternal angle to the anterior edge of the
extraction. FI<0.1 means mildly flat; Fl is mod-
erately flat between 0.1 and 0.2; Fl is severely
flat between 0.2 and 0.3; FI>0.3 is extremely
severe flattening.

Bone metabolism index: A total of 5 mL of fast-
ing venous blood of the two groups before and
3 months after the operation was collected in
the early morning. After centrifugation at 3,000
r/min for 10 min, the serum was collected and
stored in an environment at -80°C for examina-
tion. BS-850 automatic biochemical analyzer
(Shenzhen Mairui Biomedical Electronics Co.,
Ltd., Yuexie Zhuzhun 20172401214) was used
to detect alkaline phosphatase (ALP) level. The
whole blood dry chemistry and immunoconcen-
tration technology were used to detect bone
alkaline phosphatase (BALP) activity.

Secondary outcome measures

(1) The perioperative indicators, including oper-
ation time, blood loss, underground activity
time, and hospitalization time in the two groups
were recorded.

(2) Postoperative complications such as pneu-
mothorax, subcutaneous effusion, atelectasis,
and stent displacement were recorded for
patients in the two groups.

The total incidence of complications = the num-
ber of complication cases/the total number of
people *100%.
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Table 1. Comparison of general data n/(X +sd)

Group Gender Age (vears) Severity (Moderate/ Funnel chest typing (Symmetri-
(Male/Female) Severe/Extremely severe) cal/Asymmetric)

Group A (n=31) 25/6 6.410.8 18/12/1 29/2

Group B (n =31) 24/7 14.7+2.1 16/13/2 27/4

X/t 0.097 19.078 0.251 0.738

P 0.755 <0.001 0.698 0.390

Table 2. Comparison of perioperative related indexes between the two groups (X +sd)

Group Operation time (min)  Blood loss (mL)  Ground activity time (d) Hospitalization time (d)
Group A (n =31) 32.23+5.85 8.71+4.62 1.45+0.73 7.24+0.62
Group B (n = 31) 31.85+4.79 8.42+3.73 1.58+0.66 7.17+0.54
t 0.280 0.272 0.735 0.474
P 0.780 0.787 0.465 0.637
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Figure 1. Comparison of perioperative related indexes between the two
groups. A: Operation time (min); B: Blood loss (mL); C: Ground activity time

(d); D: Hospitalization time (d).

Statistical analyses

Surgical outcome

The total effectiveness rate of
treatment in group A (93.55%)
was higher than that of group
B (70.97%; P<0.05). It can be
seen that the younger age indicated the better
surgical effect. See Table 3.

SPSS 23.0 was used for statistical analysis.
The counted data were expressed as a per-
centage and analyzed with x? test. The mea-
sured data were expressed as (Xzsd). The
independent sample t-test and paired sample
t-test were used for comparison between the
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Flat chest degree

The postoperative flat chest degrees of the two
groups were decreased 3 months after the
operation compared with that before the opera-
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Table 3. Comparison of surgical effects between the two groups (n, %)

and those in group A were

Group Significant effect Effective Ineffective Total effective rate

higher than those in group

Group A (n=31)
Group B (n=31)
X -
P -

25(80.65) 4 (12.90) 2 (6.45)
19 (61.29)  3(9.68) 9(29.03)

29 (93.55) B (?rl]l P<0.05). T?E young
22 (70.97) er _g age was, _ e more
significant the improve-
5.415 .
ment of cardiopulmonary
0.020

function. See Table 5.

Bone metabolism index

Table 4. Comparison of preoperative and postoperative degree of

chest flatness between the two groups (X +sd)

Compared to those before

Group Before the operation Three months after the operation the operation, the serum
Group A (n =31) 4.24+1.31 2.43+0.36™ ALP and BALP levels in
Group B (n = 31) 4.18+1.43 3.45+0.42"* both groups decreased
t 0.172 10.266 three months after the
> 0.864 <0.001 operation, but those of

Note: Compared to before the operation, ***P<0.001.
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Figure 2. Comparison of preoperative and postopera-
tive chest flatness degree between the two groups.
Compared to before the operation, *"P<0.001; com-
pared to group B, ##P<0.001.

tion, and that of group A was lower than that of
group B (P<0.001). It was revealed that the
younger the age was, the better the improve-
ment of postoperative chest flatness would be.
See Table 4 and Figures 2-4.

Cardiopulmonary function

The levels of LVEF, Cl, SV, and PEF in both gro-
ups were increased 3 months after the opera-
tion compared to those before the operation,
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group A were lower than
those of group B (all
P<0.001). It was shown
that the younger the age was, the more obvious
the improvement of bone metabolism indexes
would be. See Table 6.

Complications

There was no significant difference in the total
incidence of complications between the two
groups (P>0.05). It can be seen that NUSS pro-
cedure was safe, and the risk of complications
did not increase due to a younger age. See
Table 7.

Discussion

As a common chest deformity, pectus excava-
tum accounts for about 90% of children’s chest
wall deformities, which not only affects the
appearance but also leads to chest volume
reduction, non-expansion limitation, cardiac
compression, and displacement due to
depressed sternum and costal cartilage. This
affects the cardiopulmonary function and seri-
ously affects children’s physical and mental
health of [10, 11]. NUSS procedure is the pri-
mary treatment method for children’s pectus
excavatum. It does not cut the sternum and
costal cartilage. Compared with traditional sur-
gery, NUSS procedure has the characteristics
of less bleeding, less trauma, and quicker
recovery after the operation. It can effectively
maintain the elasticity, expansibility, and
stretch ability of the chest. It is favored by the
majority of patients and clinicians [12-14].

At this stage, there is still some controversy
about the ideal age for NUSS surgery in chil-
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Figure 3. Contrast radiographs of a 6-year-old child before and after surgery. A: Before the operation; B: 1 month

after the operation; C: 3 months after the operation.

Figure 4. Contrast radiographs of a 14-year-old child before and after surgery. A: Before the operation; B: 1 month
after the operation; C: 3 months after the operation.

dren with pectus excavatum. Most studies
believed that the optimal age for surgery was
2-5 years old, while other studies supported
6-12 years old [15-17]. Due to the slow recov-
ery of surgery for pectus excavatum, it is diffi-
cult to determine whether there is a stable
response in the short term. Therefore, we con-
ducted a follow-up for 3 months after the sur-
gery to evaluate the outcome 3 months after
the operation. This study showed that the total
effective rate, LVEF, Cl, SV, FEV1, and PEF lev-
els of group A were higher than those of group
B, and there were no significant differences in
perioperative indexes and complications. Zhu
et al found that the excellent and good rates of
NUSS surgery for children aged 4-7, 8-12, and
over 12 years old with pectus excavatum were
96.77%, 90.32%, and 80.64%, respectively
[18]. The younger the age is, the higher the
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excellent and good rate of surgery will be, which
is consistent with the results of this study.

It is suggested that NUSS operation achieves
satisfactory results in treating pediatric pectus
excavatum of different ages. But the younger
the age, the better the effect, and the higher
the safety. The reason may be related to the
early treatment of pectus excavatum by NUSS
operation, which can effectively improve the
appearance of chest wall deformities, alleviate
children’s inferiority feeling, and can remove
the effect on cardiopulmonary function as early
as possible to avoid cumulative cardiopulmo-
nary function damage in adults [19].

It has been clinically found that with the in-
crease of the age of children with pectus exca-
vatum, their thoracic deformities get worse,
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Table 5. Comparison of cardiopulmonary function between the two groups before and after the opera-
tion (X £sd)

Group Group A (n=31) Group B (n=31) t P
LVEF (%)

Before the operation 40.2815.34 40.67+5.16 0.292 0.771

Three months after the operation 67.31+5.18" 58.36+4.74" 7.097 <0.001
Cl (L/min-m?)

Before the operation 2.15+0.32 2.13+0.23 0.283 0.778

Three months after the operation 4.17+0.13" 3.20+0.16" 26.197 <0.001
SV (mL)

Before the operation 35.24+2.35 35.48+2.63 0.379 0.706

Three months after the operation 62.43+3.44" 49.78+2.62" 16.288 <0.001
FEV1%pred

Before the operation 65.42+4.31 66.23+4.65 0.711 0.480

Three months after the operation 84.36+3.24" 75.33+4.21" 9.464 <0.001
VC (L)

Before the operation 0.78+0.14 0.75+0.15 0.814 0.419

Three months after the operation 1.68+0.70" 1.35+0.42" 2.521 0.028
PEF (L)

Before the operation 2.74+0.37 2.65+0.32 0.427 0.671

Three months after the operation 3.68+0.62" 3.05+0.67" 3.301 0.002

Note: LVEF: left ventricular ejection fraction; Cl: cardiac index; SV: stroke volume; FEV1: forced expiratory volume in one sec-
ond; VC: vital capacity; PEF: peak flow rate. Compared to before the operation, “P<0.05.

Table 6. Comparison of ALP and BALP indexes between the two groups before and after the operation
(X%sd, U/L)

ALP BALP

Group . Three months after the ) Three months after the
Before the operation ) Before the operation .
operation operation

322.36+30.72"" 265.31+30.74 158.44+20.72""

Group A (n=31) 494.26+82.43

Group B (n =31) 491.18+80.37 405.29+30.83"" 264.77+32.45 190.37+16.62""
t 0.149 6.022 0.067 10.076
P 0.882 <0.001 0.947 <0.001

Note: Compared to before the operation, “**P<0.01.

Table 7. Comparison of complications between the two groups (n, %)

Group Pneumothorax  Subcutaneous effusion Atelectasis Stents shifting Total incidence rate
Group A (n = 31) 2 (6.45) 1(3.23) 1(3.23) 1(3.23) 5(16.13)
Group B (n = 31) 1(3.23) 0 (0.00) 1(3.23) 1(3.23) 3(9.68)

X2 0.574

P 0.707

and the thorax becomes more flat, and the
improvement of the degree of thoracic flatten-
ing is not obvious, which affects the effective-
ness of operation [20]. It can be seen that the
early improvement in chest flatness in children
with pectus excavatum is of great significance
for improving the effectiveness of operation
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and promoting physical recovery. This study
showed that compared to those before the
operation, the degree of chest flatness was
decreased in both groups three months after
the operation. That of group A was lower than
that of group B, which was basically consistent
with the relevant research results [21]. It was
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suggested that the earlier the NUSS surgery is
performed, the more obvious the improvement
in the degree of thoracic flatness in children
with pectus excavatum. The reason may be that
an earlier operation time stops the progressive
aggravating factors of thoracic flatness, and
then the degree of thoracic flathess can be
improved [22, 23]. A study has shown that the
abnormal growth of the anterior chest wall in
children with pectus excavatum is related to a
disorder of bone metabolism, especially ALP
and BALP metabolic disorders [24]. ALP and
BALP are important indicators of bone metabo-
lism. Among them, BALP is an extracellular
osteoblast enzyme, mainly derived from the vig-
orously growing bones. It can hydrolyze phos-
phate esters during osteogenesis and change
in the early stage of pectus excavatum [25]. As
a zinc-containing protein, ALP is widely distrib-
uted in human bones and plays an important
role in osteogenesis. In this study, compared
to those before the operation, the serum ALP
and BALP levels in both groups decreased
three months after the operation, but those in
group A were lower than those of group B. This
suggests that an earlier NUSS operation led to
a more obvious the improvement in bone
metabolism indexes in children with pectus
excavatum.

However, due to the small number of samples
collected and short observation time in this
study, the long-term efficacy and prognosis of
NUSS operation in children with pectus excava-
tum were not evaluated, and the mechanism of
the effect of NUSS operation on the bone
metabolism indexes of children with pectus
excavatum has not been studied. In the future,
the number of samples can be increased in
clinical practice and the observation time can
be extended for in-depth discussion.

To sum up, NUSS procedure achieves satisfac-
tory results for treating children with pectus
excavatum at different ages. However, within a
certain age range, the younger the age is, the
better the effect will be. Besides, NUSS proce-
dure effectively improves the postoperative
chest flatness, cardiopulmonary function, and
bone metabolism indexes.
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