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Streszczenie
Wstęp: Obecnie małoinwazyjna metoda Nussa jest powszech-
nie uznanym sposobem chirurgicznego leczenia klatki piersio-
wej lejkowatej. 
Celem pracy była ocena wyników leczenia operacyjnego klatki 
piersiowej lejkowatej metodą Nussa, ze szczególnym uwzględ-
nieniem stosowanej techniki chirurgicznej.
Materiał i  metody: Od 2002 r. do 2010 r. u  622 pacjentów 
(średnia wieku 18,2 roku) wykonano zabieg operacyjny metodą 
Nussa z powodu klatki piersiowej lejkowatej. Jedną płytkę ko-
rekcyjną wszczepiono u 317 pacjentów, dwie płytki u 296, a trzy 
u pozostałych 9 pacjentów. Implanty usuwano po 2,5–3 latach.
Wyniki: Dobre i bardzo dobre wyniki korekcji metodą Nussa 
uzyskano u 593 (95,3%) pacjentów. Nie obserwowano zgonów 
we wczesnym okresie pooperacyjnym. Przemijające i niegroź-
ne dla życia powikłania wystąpiły w 213 (34,24%) przypadkach 
– najczęściej była to odma i płyn w opłucnej (22,5%). Asyme-
tryczne i złożone deformacje klatki piersiowej lejkowatej, re-
operacja po uprzednio wykonanym zabiegu korekcyjnym, czas 
operacji powyżej 60 min, wiek powyżej 18 lat, wszczepiona 
więcej niż jedna płytka korekcyjna oraz płeć męska miały zna-
czący wpływ na występowanie powikłań w okresie poopera-
cyjnym.
Wnioski: 
1. �Małoinwazyjna metoda Nussa zapewnia bardzo dobre i dłu-

gotrwałe wyniki w leczeniu klatki piersiowej lejkowatej. 
2. �Kontrola wideotorakoskopowa podczas implantacji płytek 

korekcyjnych może zapobiec ewentualnemu uszkodzeniu 
narządów śródpiersia. 

3. �U  pacjentów poniżej 18. roku życia liczba powikłań jest 
znacznie niższa (p = 0,0025).

Słowa kluczowe: klatka lejkowata, operacja Nussa, powikłania 
pooperacyjne.
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Abstract
Objective: The purpose of this study was to evaluate the results 
of operative treatment of pectus excavatum using the  Nuss 
method, with particular emphasis on the  surgical technique 
used.
Material and methods: Between 2002 and 2010, 622 patients 
(mean age 18.2) underwent surgical correction for pectus exca-
vatum. One Nuss bar was implanted in 317 patients, two plates 
in 296, and 3 in the remaining nine patients. Metal bars were 
removed after 2.5-3 years. 
Results: Good and very good corrective effect of the Nuss pro-
cedure was achieved in 593 (95.3%) patients. There was no 
mortality in the early postoperative period. Transient and mi-
nor complications occurred in 213 (34.24%) patients – the most 
frequent were pneumothorax and pleural effusion (22,5%). 
An asymmetric funnel chest deformity, a complex deformity, 
reoperation after previously performed corrective surgery, op-
erative time exceeding 60 min, age above 18 years, more than 
one implanted corrective plate and gender had significant in-
fluences on the occurrence of complications in the postopera-
tive period. 
Conclusions: 
1. �The Nuss minimal invasive procedure is very effective and 

provides very good long-term results in the  treatment of 
pectus excavatum. 

2. �The use of video-thoracoscopic control during insertion of 
implanted bars may prevent potential damage to the medi-
astinal organs. 

3. �In patients below 18 years old the number of postoperative 
complications is significantly lower (p = 0.0025).
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Introduction 
Funnel chest is the most common congenital deform-

ity of the anterior chest wall. Its frequency is estimated at 
approximately 1/150-1000 births. Very often this defect is 
detected in teenagers because of negative psychosocial ef-
fects. Pectus excavatum also can cause various ailments 
including chest pain, decreased exercise tolerance and 
cardiac arrhythmias. Currently, surgical treatment of this 
defect is mainly performed for cosmetic reasons. The de-
velopment of surgical methods of treating this deformation 
began with the Ravitch operation in 1949. This procedure 
involves subperichondrial resection of the  deformed car-
tilages, cuneiform osteotomy of the  cortex and suturing 
through the bone to maintain the new shape [1]. However, 
this operation was characterized by considerable invasive-
ness and high relapse rates [2]. Ultimately, in 1998 Donald 
Nuss introduced a  technique that is minimally invasive. 
This changed the opinion regarding the treatment of fun-
nel chest deformity [3]. His method is now widely accepted 
as safe and effective [4, 5].

The purpose of this study was to evaluate the results 
of the Nuss method in the treatment of pectus excavatum. 

Material and methods
Between 2002 and 2010 in the Department of Thoracic 

Surgery, Poznań University of Medical Sciences, 622 pa-
tients underwent a surgical correction for pectus excava-
tum. The patients’ ages ranged from 7 to 49 years (mean 
18.2 ±5.7). There were 129 (20.7%) females and 493 (79.3%) 
males. The majority of patients (93.2%) had a typical fun-
nel shaped chest; in others, there was a  complex defect 
called pectus carinatum-excavatum. Most deformations 
(402 patients, 64.6%) were symmetrical while in the  re-
maining 220 (35.4%) they were asymmetrical. Moreover, 
in 73 patients (11.7%) flat and wide deformities were ob-
served, and in 27 patients (4.3%), the depression covered 
the  entire length of the  sternum. In the  vast majority of 
patients (93.9%) there was a primary defect, but in 6.1% 
the deformity was secondary to previous, ineffective opera-
tions. The severity of the chest deformity was evaluated by 
measuring the distance from the top of the sternal depres-
sion to the  level of the chest, according to the anthropo-
metric measurements proposed by Rebeis et al. [6]. When 
the depression was < 2 cm the deformity was classified as 
small (0.8%), between 2 and 3 cm as medium (18.3%), be-
tween 3 and 5 cm as large (58.4%), and > 5 cm as a huge 
defect (22.5%). 

In 283 (45.5%) patients there were various ailments: de-
creased exercise tolerance (42.0%), chest pain (8.2%) and 
palpitations (0.5%). Chronic comorbidities were present in 
5.6% of the respondents, the most frequent being asthma 
in 12 (2.0%) patients, mitral valve insufficiency in 5 (0.8%), 
and arterial hypertension in 3 (0.3%). 

The  routine preoperative preparation included basic 
laboratory tests (blood cell count and biochemical param-
eters), a chest X-ray in posterior-anterior (p-a) and lateral 
projections, spirometry and an electrocardiogram. In se-

lected cases, particularly in those patients with previous 
chest corrective surgery, computed tomography was car-
ried out to assess the  magnitude of the  deformation. In 
patients with a history of cardiac events echocardiography 
was performed.

Surgery was performed under general anesthesia using 
a single endotracheal tube. In addition epidural anesthesia, 
with a  constant infusion of 0.25% bupivacaine, was rou-
tinely used and was maintained in the early postoperative 
period. Appropriately modeled corrective stainless metal 
bars (produced by BHH Mikromed Sp.) were introduced 
through two symmetrical small cuts in the middle axillary 
line according to the Nuss procedure. The bars were placed 
retrosternally under the  guidance of videothoracoscopy. 
The length of implants used in the operations ranged from 
260 to 420 mm. Depending on the severity and type of de-
formity, one bar was implanted in 317 patients, two plates 
in 296, while in the remaining 9 patients three metal bars 
were used to obtain satisfactory correction. In the case of 
an asymmetric defect corrective bars were bent according 
to the shape of the deformation as described by Park et al. 
[14]. A short steel stabilizer to prevent rotation of the metal 
bar was inserted near one end of the implant. This stabilizer 
and both ends of the corrective bar were strongly attached 
to the corresponding ribs by non-absorbable sutures. The fi-
nal location of the  implants was assessed on both sides 
of the pleural cavities by videothoracoscopy. Additionally, in 
the last 221 operated patients a no. 24-28 F chest tube was 
routinely inserted into the  right pleural cavity in the  mid 
axillary line, and was connected to vacuum suction. It was 
usually removed on the  second postoperative day. Metal 
bars were maintained for 2.5-3 years. They were then re-
moved under general anesthesia with access via the opera-
tive scar. Both ends of each metal strut were folded back 
and the implants were then removed from the chest. 

The patients were followed up at 1, 3, 6 and 12 months 
after surgery, and then after 1 month and one year after 
the  removal of the  metal bars. During these inspections 
chest p-a and lateral radiographs were taken and in doubt-
ful cases an ultrasound examination of the chest was used 
to diagnose the presence of pleural fluid. 

Statistical analyses were performed using the Statistic 8.0 
and Med Calc software programs. The χ2 test was used, and 
a level of p < 0.05 was regarded as statistically significant. 

Results
In the majority of patients (54.5%) the  clinical course 

was asymptomatic.
The  corrective effect of the  Nuss procedure was as-

sessed as good or very good in 593 (95.3%) respondents.
There were no deaths in the early 30-day postoperative 

period related to the surgical treatment. One patient died 
one year after Nuss surgery from a car accident.

Transient and minor complications in the early postop-
erative period occurred in 213 (34.24%) patients. 

Of these, pneumothorax was the most frequent (22.5%). 
This included 46 (7.4%) patients who were routinely sub-
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jected to postoperative unilateral drainage and 94 (15.1%) 
cases without pleural drainage. There was no statistically 
significant difference in the  occurrence of postoperative 
pneumothorax between groups. In 41 patients a  lack of 
lung re-expansion or of pleural effusion was the  indica-
tion for pleural re-drainage. In 99 patients without pleural 
drainage, conservative treatment was enough to resolve 
the pneumothorax.

Hydrothorax was observed in 46 (7.4%) patients dur-
ing the postoperative period, including 17 (2.7%) patients 
in whom a chest tube was used routinely, and in 30 (4.8%) 
patients without drainage. However, there was no statisti-
cally significant difference between these two groups.

Haemothorax was present in 5 patients. One of them 
required hemostasis using VATS, another had additional 
pleural drainage and, in the  last 2 patients, only pleural 
puncture and subsequent blood transfusion were needed. 

Clinically significant postoperative rotation of the metal 
strut through 80-90 degrees was observed in 16 patients 
(2.6%) – 3 with one implanted bar and 13 with two bars 
(Fig. 1). In 4 patients, where the implant had rotated more 
than 90 degrees it was removed immediately after radio-
logical confirmation of this complication. The other 8 pa-
tients underwent a re-correction, using the same bar repo-
sitioned to the correct angle. The remaining 4 patients with 
rotations of less then 90 degrees were subjected to routine 
follow-up until the planned removal of the implants.

Fourteen (2.3%) patients underwent redo-surgery be-
cause of incomplete correction. In 3 cases bar transposition 
was the cause of recurrence of deformity. Nine patients un-
derwent corrective surgery between 1 month and 4 years 

after the original surgery. In the other 2 patients a  redo-
operation was required. 

One patient in whom pleural empyema was clinically 
diagnosed one month after the Nuss procedure underwent 
thoracotomy and pleural drainage.

Severe and prolonged postoperative chest pain oc-
curred in 14 (2.3%) patients after the Nuss operation. In one 
of them the  implanted bar had to be removed 8 months 
after the  initial surgery. The  others did not require addi-
tional intervention, and the pain subsided after conserva-
tive treatment. 

Fever, unrelated to clinical symptoms of infection, was 
observed postoperatively in 10 patients. In all these cases, 
the body temperature normalized within several days after 
antibiotic therapy and the removal of pleural fluid.

Among other complications of minor importance the most 
frequent were an air leak requiring reoperation and chest pain. 
Serious, life-threatening hemorrhage occurred in 1 patient dur-
ing removal of implants as the result of bar rotation [16].

The total number of re-operations for various reasons 
was 28. 

To date, correction bars have been removed in 333 pa-
tients on time, and treatment was completed after clinical 
check-up, usually one year after the removal of the implants. 

The postoperative effect of correction by the Nuss method 
was assessed as good or very good in 592 (95.2%) patients, 
satisfactory in 27 (4.3%), and inadequate in 3 patients (0.5%).

The  statistical analysis revealed that most complica-
tions in the early postoperative period occurred in patients 
above 18 years old, with an asymmetric, or previously cor-
rected funnel chest deformity. Table I shows all statistically 
significant factors contributing to the early postoperative 
complications.

Discussion 
Although the number of reports concerning non-oper-

ative treatment for pectus excavatum is increasing [7, 8], 
the minimally invasive Nuss procedure still remains the saf-
est and most popular treatment for this type of congenital 
deformity [4, 5]. In the literature there are many reports de-
scribing the use of this procedure, but only a few are based 
on a statistically large enough sample [4, 5]. We analyzed 
the  results of treatment in a  large group of 622 patients 
operated on in one institution. This enabled us to evalu-

Fig. 1.� Rotation of the superior bar

Table I.� Significance of pre-operative factors determining the oc-
currence of postoperative complications as determined by χ2 test

Factor Significance [p]

male patients 0.0368

age over 18 years 0.0025

complex (mixed) deformity 0.0400

secondary deformity (redo surgery) 0.0095

asymmetrical deformity 0.0060

operative time > 60 min 0.0011

more than one metal bar implanted 0.0135
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ate the whole process – from the moment of diagnosis to 
the final, long-term results [4, 5, 9].

One of the  conditions for effective treatment of con-
genital deformities of the chest is the proper choice of time 
for surgery. The  majority of authors advocate corrective 
surgery between 12 and 16 years old [2, 10]. Some believe 
that the best results can be achieved in patients less than 
10 years old, in whom chest flexibility is subjected to modi-
fication, and the incidence of early postoperative complica-
tions is low [11, 13, 21]. In this study we found no statisti-
cally significant differences in the final results in relation 
to age. However, it seems that any satisfactory correction 
in the  youngest group of patients is short-lived, because 
of the  dynamic growth spurt in the  teenage period. On 
the other hand, we have found that operations performed 
in patients over 18 years old are associated with a higher 
risk of postoperative complications. The results of the cor-
rection however are more stable and unchanged after 
growth. In our opinion, the best candidates for surgery by 
the Nuss procedure would be those patients who have just 
finished growing at the time of the planned bar removal. 
Nevertheless, we also observed very good cosmetic results 
after the Nuss procedure in older patients and it is difficult 
to determine the upper age limit for this form of corrective 
surgery [5, 12, 14]. 

In the  literature there are only a  few reports of fatal 
complications resulting from heart or vascular injuries 
[15-18]. In our material there were no deaths in the early 
postoperative period. Only one of our patients experienced 
life-threatening complications during bar removal when 
perforation of the ascending aorta occurred due to rotation 
of the correction bar [16]. Rotation of the metal bar may 
also cause an injury to the lower lobe, as was described by 
Leonhardt et al. [17]. Of the 5 patients in whom hemothorax 
was diagnosed during the early postoperative period in our 
series, 1 required videothoracoscopic intervention to stop 
bleeding. In the remaining 4, conservative treatment such 
as drainage, pleural puncture or blood transfusion was suf-
ficient. In our opinion, the use of videothoracoscopy plays 
an important role in prevention of serious complications, 
as was previously pointed out by other authors [9, 19]. Ac-
quiring more experience in Nuss procedures over the years, 
we are of the opinion that the use of bilateral VATS makes 
this procedure more safe, preventing potential injuries to 
the heart and vessels. 

Overall, early and late postoperative complications oc-
curred in 34% of the patients but were mild and transient. 
In the literature, the occurrence of postoperative complica-
tions ranged widely from 1 to 73% [5, 9, 14, 20].

In our patients the most frequent complications were 
pneumothorax (22.5%) and pleural effusion (7.4%), which, 
according to Castellani et al., may occur in response to 
the  presence of the  foreign body thereby resembling 
the so-called “post-pericardial syndrome” [18]. In the litera-
ture, the incidence of pneumothorax and pleural effusion 
is estimated as ranging from 1 to 5%, and from 1 to 16.7%, 
respectively [4, 14, 18, 20]. In most of our patients pneu-

mothorax and pleural effusion were of a  limited extent 
and either conservative treatment or a single puncture of 
the pleural cavity was sufficient to treat the patients. These 
complications occurred in patients with and without post-
operative drainage. However, our opinion is that routine 
chest tube insertion is advisable after Nuss surgery, as it 
improves postoperative surveillance and safety.

One of the most important factors in the correction of 
deformity is stable and permanent location of the correc-
tive bars. Their displacement in the transverse plane is rare 
and, according to many authors, occurs in only 1.7-2.4% 
of cases [18, 20]. In our study, this complication occurred 
in 2.6% of patients, being the cause of a  life-threatening 
perforation of the wall of the ascending aorta in 1 patient 
[16]. Since that event we have fixed the corrective bars with 
a single- or double-sided stabilizer plate and by stitching 
the bar ends to the ribs. Similar observations have led oth-
er authors to abandon the ineffective method of fixation of 
the metal bars to the fascia of chest wall muscles [12]. 

Several of our patients showed signs of fever but with-
out other typical inflammation markers (low CRP). These 
symptoms resolved after several days of conservative 
treatment and may have resulted from hypersensitivity 
to elements in the steel. None of these patients required 
removal of the implants and the symptoms resolved after 
a few days. Hypersensitivity to components of the correc-
tion bar may also manifest itself in the occurrence of pleu-
ral effusion and some patients may require puncture or 
drainage of the pleural space.

A good cosmetic effect was achieved in over 95% of our 
patients treated by the Nuss method. The effect was not 
achieved in patients with significantly asymmetrical de-
formities and those older than 18 years. Most of the post-
operative complications were associated with asymmetric 
and complex deformities requiring a  longer surgical pro-
cedure and use of two or more bar implants [22]. Other 
factors increasing the  risk of postoperative complications 
were redo-surgery and patient’s age over 18 years. Many of 
our observations are consistent with those of other authors 
who emphasize the importance of these factors for the oc-
currence of postoperative complications [4, 9, 12, 18, 21].

Conclusions 
1. �The Nuss minimally invasive procedure is very effective 

and provides very good long-term results in the  treat-
ment of pectus excavatum.

2. �The use of videothoracoscopic control during implanta-
tion of the metal bars may prevent potential damage to 
the mediastinal organs.

3. �In patients below 18 years old the number of postopera-
tive complications is significantly lower (p = 0.0025).
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