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Abstract

Pectus excavatum is the most common con-

genital deformity of the chest. The Nuss pro-

cedure is minimally invasive surgical

correction of this defect, using retrosternal

metal bars. The purpose of the present study

was to describe a 15-year experience with the

Nuss surgery, and to evaluate the long-term

clinical results of the procedure. We retro-

spectively evaluated 239 patients, aged

14–34, who underwent the Nuss surgery in

the years 2002–2016. Postoperative

complications were observed in 40/236

(16.9%) patients. The most common compli-

cation was pneumothorax in 14/239 patients.

Less common were the following: wound

infection in 4, pleural effusion in 3, allergy

to nickel in 1, lung atelectasis in 1, and ven-

tricular failure in 1 patient. Three patients

were treated because of severe postoperative

pain, and in one case the implant had to be

removed. Postoperative complications

associated with the number of bars inserted,

but not with the patient age or gender. A

satisfactory and long lasting corrective effect

of surgery was observed in 231/239 (96.7%)

of patients. There was no perioperative mor-

tality. We conclude that the Nuss surgery is a

safe surgery that demonstrates excellent and

long-lasting esthetic results, with a low risk of

severe complications.
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1 Introduction

Pectus excavatum is the most common anterior

chest wall deformity, which is characterized by

conical depression of the sternum and costal

cartilages. The incidence is estimated at

1–8:1000 births and it is 4–6 times more frequent

in males (Cobben et al. 2014; Obermeyer and

Goretsky 2012). Surgical treatment of pectus

excavatum is due mainly to psychosocial issues

stemming from the abnormal physical appear-

ance. However, in some cases this defect may
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result in decreased exercise tolerance, chest pain,

or a severe cardiopulmonary dysfunction

(Lawson et al. 2011; Malek et al. 2003).

The history of surgical correction of pectus

excavatum started at the beginning of twentieth

century, but the first techniques were unsatisfac-

tory. In 1949, Mark Rawitch introduced a new

open method that required a subperichondrial

resection of deformed cartilages, osteotomy of

the sternum, and suturing through the sternal

bone to maintain a new shape (Rawitch 1949).

That procedure quickly gained popularity and

was used by physicians for several decades.

However, the Rawitch method was characterized

by serious invasiveness and a high risk of recur-

rence. A milestone in the development of surgi-

cal treatment of pectus excavatum was the

introduction of a new minimally invasive proce-

dure by Donald Nuss in 1998, which consisted of

remodeling of the anterior chest wall by

employing a retrosternal metal bars, with avoid-

ance of cartilage resection (Nuss et al. 1998). The

elasticity of the chest wall is a key factor in this

procedure. The process of cartilage depletion

ends completely by age 18–20 years, so that

treatment after this age becomes more difficult

than that in children and adolescents. Currently,

the Nuss procedure has become the method of

choice for patients with pectus excavatum

(Zhang et al. 2015; Kelly et al. 2010).

The aim of the present study was to describe

our 15-year experience with the Nuss procedure.

We set out to evaluate complications and failures

associated with this surgery, paying particular

attention to the influence of patient age and the

shape and degree of deformity. We further

addressed the adverse effects having to do with

the poor perception of treatment outcomes by the

patient and attempted to demonstrate the ways to

prevent and treat surgery failures.

2 Methods

2.1 Patients

This study was performed in accord with the

Declaration of Helsinki for Human Research of

the World Medical Association and it was

approved by the Bioethics Committee of

Wroclaw Medical University in Wroclaw,

Poland. The study is retrospective in nature as it

is based on the information collected from the

patient medical files. It included 236 patients

diagnosed with pectus excavatum, including

eight patients with a recurrence of pectus

excavatum deformity, who were treated surgi-

cally by the Nuss procedure in the Department

of Thoracic Surgery of the Wrocław Medical

University in Wroclaw, Poland in the years

2002–2016. There were 197 (83.5%) men and

39 (16.5%) women. The male-to-female ratio

was 5 to 1. Patients’ age ranged from 14 to

34 years (the mean of 17.4 � 3.8 years). All

patients were preoperatively examined. A routine

examination consisted of basic laboratory tests,

chest X-ray in posterior-anterior and lateral

projections, spirometry, and an electrocardio-

gram. In selected cases, computed tomography

was carried out. The majority of patients who

were qualified for the Nuss procedure reported

the cosmetic reasons as the main cause of a

decision to undergo a surgical correction. The

patients were subdivided into two groups:

Group A – children and adolescents, and Group

B adults. The cut-off age for this separation was

18 years. Groups A and B did not differ in terms

of gender, quality of deformation, and the num-

ber of implants used. Details of patient

characteristics are displayed in Table 1.

Chest deformities were distinguished by the

presence of symmetry or lack thereof. The need

to use one or two implants was taken as defining

the extent of deformation. The majority of

corrected deformations were symmetric

(Fig. 1). However, chest asymmetry in the sagit-

tal axis was also subject to correction in seven

(3%) patients (Fig. 2). Serious distortions in the

long sternal axis, with the tumefaction of the

sternum manubrium, twisting the sternum over

30–35� or corners of the sterno-costal joint, were
corrected by the Ravith procedure. The evalua-

tion of the present study takes into consideration

the reasons for early, occurring up to 30 days,

postsurgery complications, and all subjective

failures in the cosmetic aspects. We further
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collected detailed medical history consisting of

the type of surgical correction, the length of

hospitalization, the number of bars used, the

clinical course of treatment, and the rate of

recurrence.

2.2 Surgical and Postsurgical
Interventions

When a defect was visible in the long axis of the

sternum, consisting of a depression in the ster-

num body, hilt of manubrium deformation, ster-

num twisting over 45�, presence of bumps in the

sterno-costal joint, or a large deformation of

xiphoid process, the patients were qualified for

the Rawitch method. All surgeries were

performed under general anesthesia, with tra-

cheal intubation. Figure 3 demonstrates the inser-

tion procedure. Two incisions were made

bilaterally at the height of a lower part of the

sternum and a guideway was created under the

sternum. A measure of a preshaped metal bar was

taken for insertion (Fig. 3a). The bar was

inserted, semicircular bent directed downward,

retrosternally in line with the deepest point of

depression (Fig. 3b). Then, the bar was rapidly

and forcefully turned over 180� to shore up the

sternum depression point (Fig. 3c), and the chest

wall layers were sutured, with a drainage tube

Table 1 Patient characteristics

Group A (n ¼ 149) Group B (n ¼ 87) p-value Total n ¼ 236

Gender

Female 25 (16.8%) 14 (16.1%) ns 39 (16.5%)

Male 124 (83.2%) 73 (83.9%) ns 197 (83.5%)

Age (years)

Mean 15.7 �1.7 22.3 � 3.9 ns –

Median 16.0 21 ns –

Distortion type

Symmetric 143 86 ns 229

Asymmetric 6 1 ns 7

Number of bars

One bar 145 (97.3%) 80 (92.0%) ns 225 (95.3%)

Two bars 4 (2.7%) 7 (8.0%) 0.059 11 (4.7%)

Differences between Group A and Group B

ns nonsignificant (Chi2 test)

Fig. 1 Chest deformations: (a) symmetric, confined to the sternum body, (b) symmetric of the ‘canyon’ type,

extending over the entire sternum
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attached (Fig. 3d). The procedures were carried

out under a video-thoracoscopic guidance. In the

majority of 236 patients (95.3%) we used one

metal bar to obtain a satisfactory correction, but

in a few severe and asymmetric cases of chest

deformity two metal bars were required

(Table 1).

Antibiotics were used preoperatively. In the

postoperative period, paravertebral anesthesia

with 0.25% bupivacaine was routinely used.

Fig. 2 Chest deformations: (a) asymmetric, confined to the sternum body, (b) asymmetric of the ‘canyon’ type

Fig. 3 The Nuss procedure for a metal bar implantation:

(a) creation a channel guideway under the sternum and

taking a measure of a preshaped metal bar for insertion,

(b) insertion of the bar retrosternally, (c) forceful

rotation of the bar (red arrows) into the correction position

to shore up the deformation and (d) suturing and drainage
of pleural cavity
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Most patients were discharged 5–7 days after

surgery and were followed-up regularly. The

patients were advised to avoid bending, sports,

heavy physical activity, or carrying heavy

objects to prevent the displacement of bar.

Implants were maintained, on average, for

2 years. Then, the bars were removed under

general anesthesia through incision along the

previous scar.

2.3 Outcome Evaluation

The patients were followed up at 1, 3, 6, 12, and

24 months after surgery. Every complication dur-

ing treatment or in a postoperative period was

reported in the medical history. The results of

surgical correction were summarized after

removal of bars. A normal position of the ster-

num after removal of implants was considered a

satisfactory result. There was then no need of any

additional surgical correction and the patient

expressed the acceptance of the final treatment

result using a specially designed questionnaire.

An unsatisfactory effect of treatment was consid-

ered when the deformation recurred after

removal of bars, or when there was severe dis-

comfort, pain, or the explicit patient’s

dissatisfaction.

Categorical clinical data between the two

groups were compared with a Chi squared test.

A p-value <0.05 was assumed to define statisti-

cally significant differences. Statistical evalua-

tion was performed using Statistica PL v12.0

(StatSoft; Cracow, Poland).

3 Results

The final effect of the Nuss procedure was

assessed as satisfactory in 227 (96.2%) of

patients. In another nine patients, additional cor-

rective procedures had to be performed to

achieve a satisfactory result, due to deformity

recurrence in 8 patients and a sternum fracture

in one patient. The mean length of hospitaliza-

tion was 8.3 days. There has been no periopera-

tive mortality. The long-term complications were

observed in 40 (16.9%) patients. Complications

occurred significantly more often in the patients

who required the insertion of two bars due to a

severe chest deformity (p < 0.001). The fre-

quency of complications was unrelated to age

or gender. Postsurgical complications in patients

operated on because of the presence of pectus

excavatum are displayed in detail in Table 2.

The most common complication was pneumo-

thorax that occurred in 14 patients (Table 3).

These patients were qualified for pleural drainage

or were conservatively treated. In three patients,

there were seromatous pleural effusions in the

postoperative wound. Hemothorax occurred in

one patient, which necessitated a redrainage.

Wound infection occurred in 4 (10%) cases of

complications and responded to antibiotic treat-

ment. Three patients suffered from severe post-

operative chest pain that required additional

surgical interventions. In two of those patients,

intercostal nerve block sufficed to relieve pain,

but another patient required surgical removal of a

metal bar to relieve neuropathic pain. Bar dis-

placement was noted in three patients. One of

those patients required additional stabilizing

attachment of the implant to the sternum, and

the other two had to undergo a bar removal. We

also observed a case allergy to the nickel compo-

nent of a bar. The implant had to be replaced by

metal bar without nickel. In one patient, there

was lung atelectasis that was treated by bronchial

aspiration and breathing exercise. We also had

one case of severe right ventricular failure as a

result of pericardial injury cause by the implant

during the surgical procedure. A fracture of the

sternum occurred in one patient (Fig. 4). The

fracture was caused by the inadequate distribu-

tion of forces acting on the anterior chest wall,

and it required reoperation. We did not observe

any statistically significant differences in the fre-

quency of postoperative complication between

the adolescent and adult groups.

Overall, additional surgical interventions were

performed in 9 (3.8%) patients. The interventions

consisted of 13 reoperations and one intraoperative

correction. The main cause for additional surgery

was a recurrence of deformity. The most common

intervention was the removal of a metal bar which
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was done in five cases. In four patients, deformity

was reoperated by the Rawitch method. A recur-

rence of deformation was not observed in patients

below 16 years of age.

4 Discussion

Cosmetic effects after corrective thoracic cage

surgery using the Nuss procedure are quite satis-

factory. According to various authors, the sur-

gery is rated as success in over 90% of cases

(Park et al. 2004; Dzielicki et al. 2006). The

complications that arise after surgery are tran-

sient, reversible, and non-life threatening, even

Table 2 Association between the presence of complications and perioperative parameters

Parameter

Postoperative period

p-valueNo complications; n (%) With complications; n (%)

Age (years)

<18 125 (83.9) 24 (16.1) ns

�18 72 (82.8) 15 (17.2)

Gender

Female 35 (89.7) 4 (10.3) ns

Male 162 (82.2) 35 (17.8)

Number of bars

One bar 193 (85.8) 32 (14.2) <0.001

Two bars 4 (36.4) 7 (63.6)

Number of cases (%)

ns nonsignificant

Table 3 Character of postsurgical complication in patients with pectus excavates in adolescents (Group A) and adults

(Group B)

Complication Group A (n ¼ 24) n (%) Group B (n ¼ 16) n (%) p-value Total (n ¼ 40) n (%)

Pneumothorax – resorption 7 (29.2) 0 0.021 7 (17.0)

Pneumothorax – drainagae 4 (16.7) 3 (19.0) ns 7 (17.0)

Pleural effusion 2 (8.3) 1 (6.0) ns 3 (7.5)

Hemothorax 0 1 (6.0) ns 1 (2.5)

Wound infection 3 (12.5) 1 (6.0) ns 4 (10.0)

Intercostal neuralgia 1 (4.2) 2 (13.0) ns 3 (7.5)

Bar displacement 1 (4.2) 2 (13.0) ns 3 (7.5)

Nickel allergy 0 1 (6.0) ns 1 (2.5)

Atelectasis 1 (4.2) 0 ns 1 (2.5)

Heart failure 1 (4.2) 0 ns 1 (2.5)

Sternum fracture 1 (4.2) 0 ns 1 (2.5)

Recurrence of deformity 3 (12.5) 5 (31.0) ns 8 (20.0)

Number of cases (%)

ns nonsignificant

Fig. 4 Surgical complication after employing the Nuss

procedure; a fracture of the sternum at the implant level
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though some of them may be cumbersome to the

patient. The percantage of complications and

failures noted in the present study was 16.3%,

which is comparable to those listed in other stud-

ies performed in the groups of patients number-

ing more than 200 subjects of varied age, such as

16.1% (Park et al. 2004), 18.7% (Umuroglu et al.

2013), or 35.0% (Pawlak et al. 2016). The fre-

quency of complications decreases with the

acquisition of surgery experience.

Qualification of a given occurrence as a sur-

gery complication or failure depends on the sub-

jective evaluation of an author. That might be

exemplified by a study of Pawlak et al. (2016)

describing a large group of 680 regularly moni-

tored patients, in which, apart from the 35%

complication rate, carefully collected informa-

tion on all cosmetic effects is listed. A compara-

ble 37% complication and failure rate has been

reported in an earlier study of Antonoff et al.

(2009). Different qualification criteria could

account for a relatively low incidence (6.4%) of

reported complications in a multicenter study,

covering a group of 777 patients in Saxena

et al.’s (1999) metaanalysis.

The most frequently described and relatively

easy to control early complications are the pleu-

ral disorders of pneumothorax and effusion. In

the present study, pneumothorax accounted for

34% of postsurgery complications, and it

required drainage only in one half of the

instances. Small air sacks, located at the top of

the pleura, underwent a spontaneous resolution.

There is a wide spread of data in the literature on

the occurrence of pneumothorax, ranging from

4.2% to 16.1% of cases (Umuroglu et al. 2013;

Wu et al. 2016; Park et al. 2004; Jacobs et al.

2002). Sometimes, pneumothorax has not con-

sidered as a complication at all (Kelly et al.

2013). Pleural effusion has been reported in

2.5% to 10% of cases (Jo et al. 2003;

Schaarschmidt et al. 2002). In the present study,

small pleural effusions in the diaphragm angle

appeared only in three cases, corresponding to

7.5% of all complications. Intrapleural bleeding

or pleural hematoma requires surgical interven-

tion. There was one such case that required pleu-

ral drainage. The literature describes single cases

treated with thoraco-centesis (Park et al. 2004) or

requiring thoracotomy (Bilgi et al. 2017). Pleural

complications can be avoided, to an extent, by

leaving a thin catheter at the top of the pleural

cavity for 2–3 days after surgery.

The displacement of a correction plate can be a

serious complication of the Nuss procedure, with

the frequency ranging from 1% to 33% of cases as

described in various studies (Wu et al. 2016; Kelly

et al. 2013; Park et al. 2004; Fonkalsrud 2003;

Hebra et al. 2001; Engum et al. 2000). To ensure

a metal bar stability, recommend to avoid the use of

absorbable stitches for the implant fixation. It also

is recommended to place one suture to a rib in the

parietal region. Schaarschmidt et al’s (2002)

approach with 14 absorbable figure of 8 sutures

around the bar placed directly on the ribs in a

submuscular position gives some protection against

the bar displacement. In the present study, bar

displacement took place in three cases, constituting

7.5% of complications. In one of those cases, it was

caused by the erroneous repeat rotations of the bar

during its fitting to the chest. Another serious com-

plication of the surgery was a wider than necessary

tunnel for two implants positioned too close to each

other. Yet another case of implant displacement

was a failure of the patient to follow the postopera-

tive recommendations.

Although operative access in the Nuss procedure

is achieved through small incisions, local

complications occur in the surgical wound. These

complications are often described as a serous effu-

sion, which occurs in 1% to 6.5% of cases (Jo et al.

2003). In the present study, the effusion occurred in

3 cases, which constitutes 7.5% of all complications

observed. All were treated with locally, without

having to remove the implant. Some of the wound

exudates could result from a priori unrecognized

allergic reaction to nickel. In the present study, in

most cases, no allergy tests on metals were

performed. We observed postsurgery allergic

reactions in one patients, i.e., 2.5% of all

complications. The Nuss surgical procedure afflicts

pain, reported in up to 5.0% of cases, which is

usually greater than that after the Rawitch or

Leonard procedure (Antonoff et al. 2009). It

becomes a complication requiring intervention if it

is not noticeably reduced after the perioperative
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period (Hebra et al. 2001; Engum et al. 2000). In the

present study, pain persisted over 30 days after

surgery in three patients; 7.5% of all complications.

In two of those cases, pain was controlled by inter-

costal nerve block and analgesics. In one case,

neuropathic pain required reoperation with removal

of the implant. In addition to proper postoperative

treatment, intraoperative local analgesia may be an

important preventive measure against pain. Also,

the use of a shorter implant, with slight retraction

and bent ends, prevents a later compression of

periosteal ribs, which may be a source of pain.

A failure to obtain the satisfactory cosmetic

appeasement does not belong to complications,

but it may determine the overall deterioration of

surgery effects. The assessment of the chest

appearance after correction is subjective, most

often independent of the dimension of the

changes made, and it is related to the preferences

and psychic characteristics of patients. There-

fore, in the present study, attention was paid

only to the most disadvantageous cosmetic

effects that prompted the patient and surgeon

for reoperation or for other corrective measures.

We qualified patients for the Nuss surgery mostly

those who had symmetric deformities. The crea-

tor and promoter of the method has reported very

good results in 71%, good in 21%, and a relapse

in 7.8% of patients (Nuss et al. 2002). Fonkalsrud

(2003), comparing the long-term results of the

Nuss surgery with other methods, has reported

that the need for reoperation occurred after mini-

mally invasive surgery in six patients, and in

none operated with the modified Rawitch sur-

gery. Hosie et al. (2002) have reported that the

early results are very good or good in 81.5% of

cases, but distant results have not been provided.

In several cases, we also qualified for surgery

patients with asymmetry in the sagittal axis of

the sternum. However, in these severely distorted

cases, such as a fusion of the sternum cavity with

the manubrium bulge, twisting of the sternum

over 45�, or horns at the sterno-costal joint, we

employed the Rawitch method of surgery in line

with Cartoski et al.’s (2006) recommendation.

That may have a bearing on a relatively low

number of failures and recurrences we encoun-

tered. Park et al. (2004) have suggested the pres-

ence of a ‘grand canyon’ type of deformation,

along with an inadequate initial experience of the

surgical team in treating this kind of deforma-

tion, as a cause of the high 16% rate of

complications. However, another reason for the

complications reported in that study could be the

high 43% rate of asymmetric distortions qualified

for the Nuss surgery.

In the present study, the need for reoperation

occurred in eight patients, accounting for 20% of

all complications. We found no difference in the

incidence of complications between adolescents

and adults. Likewise, there were no age-related

differences in the frequency of deformity recur-

rence. Such findings have also been reported,

albeit in a lower age range, in other studies.

Nakagawa et al. (2008) have set the age threshold

for comparison at 10 years of age. The computed

tomographic preoperative/postoperative index

fell, on average, from 6.20 � 3.58 to

2.93 � 0.49 in the group below 10 years of age

and from 5.50 � 2.64 to 3.40� 0.79 in the group

over 10 years of age. The difference was statisti-

cally insignificant between the two age-groups,

therefore, the authors conclude that the Nuss

procedure may be used independent of the

patient’s age. That is somehow at variance with

the findings of Johnson et al. (2014) who have

shown more complications in persons over

17 years of age and of Pawlak et al. (2016) who

have shown a greater perioperative morbidity in

young patients, but a greater relapse rate in

adults.

In the present study, the rate of postoperative

complications was 17.2%, in adults and 16.1% in

the group of children and adolescents. Kelly et al.

(2010) and Lawson et al. (2011) have reported

that surgery with one implant has similar effects

in adults and children. Two implants are required

in 24% of adult patients (Zhang et al. 2015).

However, the use of two implants is essentially

dictated by anatomical conditions rather than age

(Johnson et al. 2014). In the present study, two

implants were required in 11 patients; in four up
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to 15 years of age, and in seven older patients.

The patients of the older group suffered from

significantly more overall complications

(Table 2).

The limitation of the present study is that we

focused only on serious complications of the

Nuss surgery, requiring surgical interventions.

Another imperfection is the lack of a compara-

tive spirometry assessment before and after sur-

gery. There was no computed tomography

performed for the accurate assessment of a

degree of deformity on the Haller scale in

patients treated before 2008. An additional limi-

tation is a narrowing of the Nuss treatment to

patients mainly with symmetric chest deformities

confined to the sternum body.

5 Conclusions

Although the Nuss surgery is more commonly

performed in children and adolescents than in

adults, anatomical conditions rather than age,

are a limitation of the method. The operation of

the funnel chest deformity using the Nuss proce-

dure is feasible in adults and it is more likely to

require two implants. At this point, there is a

greater chance of complications and failures. A

careful selection of patients, with exclusion of

almost all extensive and asymmetric deforma-

tion, is important for achieving good results in

older patients. The best clinical effect is achieved

in patients with symmetric distortions. When

there is asymmetry, cosmetic results are some-

times worse, although usually acceptable by

patients. The presence of asymmetric

deformations is an indication to consider another

surgical approach, for instance, the Rawitch

method.
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