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      Minimal Invasive Repair of Pectus 
Excavatum                     
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    Abstract  

  The modern era of correction of pectus excavatum (PE) started in 1949 by 
Ravitch. Since several modifi cations to the technique were published, but 
it was the standard way to correct PE for long time. Prof Nuss’s minimally 
technique changed the strategy for correction and seems now to be the 
standard technique for surgeons who correct PE. The optimal age for sur-
gery is discussed. Most surgeons prefer that the patient is in the beginning 
of the puberty so the bar system is in situ through the growth spurt. It looks 
like that this decreases the recurrence rate. At this age the patients are also 
aware of the restrictions which are in the beginning of the treatment. But 
recently it has been offered to patient up to 40 years of age. Bar removal is 
done 3 years after correction and is a day surgery project. In most cases it 
is only necessary to open the incision where you have the stabilizer if you 
use the short bar technique. The complication are few in experienced 
hands. Most of the patients get a very beautiful result and are very satisfi ed 
with the operation.  
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    The modern era of correction of pectus excavatum 
(PE) started in 1949 where Ravitch published the 
his fi rst paper [ 1 ]. Since several modifi cations to 

the technique were published, but it was the stan-
dard way to correct PE until Nuss orally presented 
his fi rst work in 1997 and published it in 1998 [ 2 ]. 
This minimally technique changed the strategy 
for correction and seems now to be the standard 
technique for surgeons who correct PE. This 
paper dealed with 45 patients who were corrected 
through a 10-years course. The age group was 
from 1 to 15 years and at that time it was thought 
that the technique could only be used in children 
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and adolescents because the rigidity of the chest 
in adults was too high. With the growing experi-
ence of the technique it has been shown that even 
patients in the fi fties and sixties might be cor-
rected by the Nuss- procedure [ 3 ,  4 ]. The original 
technique prescribed that the bar length should be 
from the mid axillary line on each side. The fi rst 
operations were done without scope assistance 
but to make the intervention safer using of the tho-
racoscope is now mandatory. One of the problems 
with the technique was the risk of rotation of the 
bar. This was reduced by fi rst adding a stabilizer, 
then fi xing the stabilizer to the bar and fi nally 
using several circumcostal sutures around the bar 
and rib on the opposite site of the stabilizer. These 
reduced the risk from around 15 to 1 % [ 5 ]. Later 
the use of a shorter bar has been published and 
this change has shown the same low risk of rota-
tion [ 6 ,  7 ]. Using the shorter bar is easier, using 
shorter time in the OR, gives the same good cos-
metic result and is as stable as using the long orig-
inal bar. 

    Indication for Surgery 

 In most published papers the indication for sur-
gery is cosmetic complaints from the patient [ 8 ]. 
It has been known for many years that the patients 
too have several physiological symptoms [ 9 ] and 
recent studies have shown that correction without 
increasing the patients quality of life signifi cantly 
[ 10 – 16 ] also means better movement of the chest 
[ 17 ,  18 ] and better cardiac performance [ 19 ,  20 ]. 
Some surgeons prefer to measure the Haller 
index, which should normally be bigger than 3.25 
to indicate surgery, but the problem with the 
Haller index is that it is also depending of the 
chest shape, if it is fl at or barrel shaped.  

    Surgery 

 The optimal age for surgery is discussed. Most 
surgeons prefer that the patient is in the begin-
ning of the puberty so the bar system is in situ 
through the growth spurt. It looks like that this 
decreases the recurrence rate. At this age the 

patients are also aware of the restrictions which 
are in the beginning of the treatment. In girls I 
prefer that the there is some demarcation of the 
breasts so the incisions might be placed in the 
sulcus. 

 The surgery is done in general anaesthesia and 
prior to surgery an epidural catheter is placed to 
facilitate the postoperative pain treatment. 
Position of the patient is on the back either with 
the arms abducted or the arm along the body with 
a pillow behind the back [ 21 ] or in my mind bet-
ter with the right arm elevated in front of the head 
to allow free movement of the scope. The deepest 
point is defi ned and the points for penetration of 
the chest wall are marked on the skin. These 
points should be just medially to the highest 
areas. The length of the bar should be so the right 
end covers two ribs and the left end is long 
enough to carry the stabilizer, so the stabilizer is 
placed very close to the hinge point. This gives a 
very stable system with a very limited risk of 
rotation. This means that the bar is placed asym-
metric in the patient. The tunnel under the ster-
num is done guided by the scope which normally 
is only used from the right side. It is very impor-
tant that the introducer is in close contact with the 
backside of the chest, if this is not true so you 
have to use an introducer with a longer tip. A 
template is bended to the expected shape of the 
chest after correction with some overcorrection 
1–2 cm because the pressure from the sternum 
will cause some debending of the bar. The bar 
might be guided through the chest by a normal 
suture or a tape. The bar is inserted as an U and 
turned 180° .  In most cases it might be done with 
the use of only one fl ipper. 

 Most of the patients only need one bar, which 
normally should support the sternum under the 
deepest point. The number of bars is depended 
on the length of the PE, the deepness and the 
rigidity of the chest wall. Around 30 % needs 
more than one bar. In many cases two bars might 
be inserted through the same incisions. In some 
cases an oblique bar gives a better cosmetic 
result. All bars are normally stabilized on the left 
side with a stabilizer, which is fi xed either by a 
steel wire around the bar or an additional bend-
ing of the end. 
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 The lung is expanded at the end of the opera-
tion by using a chest tube under water seal and is 
removed at the end of the operation. 

 An x-ray is done the second postoperative day 
before discharge. X-ray just after surgery is nor-
mally not required [ 22 ].  

    Pain Treatment 

 The pain treatment is a combination of epidural 
analgesia and perorally treatment. The epidural 
catheter is closed the second postoperative day in 
the morning. The day of the operation the patient 
have morphine and bupivacaine and the next day 
it is changed to pure bupivacaine. The fi rst post-
operative day the patient starts NSAID, Ibuprofen 
and often oxycodone. The oxycodone is stopped 
after 10–14 days, Ibuprofen and NSAID are nor-
mally stopped after 4 and 5 weeks postopera-
tively, respectively.  

    Postoperative Restrictions 

 The fi rst 6 weeks the patients are not allowed to 
carry more than 2 kg in front of the body and 
5 kg on the their back. They must not bike, not 
rotate the upper body more than 15° and should 
sleep on the back. Sleeping on the back is often 
the most diffi cult issue, giving the patient seri-
ous backpain, but most of the patients start 
spontaneously to turn in the bed after 5–7 
weeks and then the backpain problems 
disappear. 

 In all 3 years heavy contact sport such as 
American football, rugby, icehockey and self- 
defence sports should be avoided.  

    Postoperative Follow-Up 

 The patients are seen in the outpatient clinic after 
6 weeks for a clinical examination and an x-ray to 
see the position of the bar system. After this the 
patient is called 3 years later for bar removal. 
Should there be any problems in the mean time 
they may call the department.  

    Bar Removal 

 Bar removal is done 3 years after correction and 
is a day surgery project [ 23 ]. In most cases it is 
only necessary to open the incision where you 
have the stabilizer if you use the short bar tech-
nique [ 23 ].  

    Results 

 Most of the patients get a very beautiful result 
and are very satisfi ed with the operation. The 
complication are few in experienced hands.     
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