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      Indexes for Pectus Deformities                     

     Marcelo     Martinez-Ferro     

    Abstract  

  A thoracic index is a formula used to qualify or quantify a thoracic defor-
mity and in some cases, to defi ne strategies within treatment. It is also a 
diagnostic tool used historically to assess the severity of the defect. There is 
no defi nition, classifi cation, or consensus in the literature on which thoracic 
index is the gold standard. There are also no guidelines regarding cut-off 
values. This chapter is an effort to put all this together, starting by defi ning 
thoracic indexes, proposing a classifi cation and describing them in detail for 
the fi rst time. The main objective is to fi nd out which are the most com-
monly indexes used by chest wall malformation experts worldwide, and 
why. For this reason the present chapter includes a web- based survey made 
to the aforementioned experts in order to review this issue in detail. Since 
there is currently no thoracic index without limitations, perhaps the perfect 
index is a mathematical combination of several different indexes. Perhaps it 
is one single index still to be discovered. This is the fi rst step to search for a 
universal thoracic index for surgical – decision making.  
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     Introduction 

 There is presently no defi nition of “thoracic 
index” or consensus in the literature on which 
one is the gold standard. There are also no 

 guidelines regarding cut-off values. Assessment 
of patients and the process of surgical-decision 
making vary considerably among chest wall mal-
formations experts worldwide [ 1 – 3 ]. Moreover, 
even though thoracic indexes can be used to eval-
uate any chest wall malformation they are com-
monly employed to study Pectus Excavatum (PE) 
patients. The objective of this chapter is to review 
this topic and to report the results and observa-
tions from a web-based survey.  
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    Defi nition 

 Basically a thoracic index is formula employed to 
characterize a set of data obtained from thoracic 
(basically anterior chest wall and cardiac) measure-
ments. It is a diagnostic tool used historically to 
assess the severity of the deformity. A thoracic index 
comprises a cut-off point, that is, a limit at which 
expectant treatment for a pathology, as PE, is or is 
not longer applicable. Additionally, it allows sur-
geons to defi ne strategies within treatment. Thoracic 
indexes vary with age, gender, body mass, and mor-
phology (cup, saucer, grand canyon, and other shape 
depressions), among other factors [ 2 – 7 ].  

    Usefulness of Thoracic Indexes 

     1.    To assess the severity of the defect   
   2.    To establish a cut-off point for treatment 

indication   
   3.    To defi ne treatment strategies   
   4.    To quantify postoperative changes in the shape 

of the chest     

 Recent thoracic indexes have been focused not 
only on the severity of the defect as aforemen-
tioned, but on characteristics of the sternum, the 
deformity, and the impact PE has on the patients’ 
cardiopulmonary function [ 8 ,  9 ]. 

    Type of Thoracic Indexes 

   Diagnostic Indexes 
   1.    Clinical Indexes   
   2.    Chest-X-Ray Indexes   
   3.    Chest-CT-Scan Indexes   
   4.    Chest and Cardiac MRI Indexes   
   5.    Other Indexes      

    Subtype of Thoracic Indexes 

   Assessment Indexes 
   1.    Sternal Indexes   
   2.    Severity Indexes   

   3.    Deformity Indexes   
   4.    Cardiac Indexes       

    Classifi cation 

 There is presently no classifi cation of thoracic 
indexes. In an effort to organize the large amount 
of diagnostic and assessment indexes in existence 
until date, the following classifi cation is proposed 
(Table  7.1 ).

   It must be pointed out however that, even 
though cardio-pulmonary function tests are rarely 
indicated for surgical decision making, evaluation 
of the impact of the sternal depression on the lung 
and heart are helpful for achieve a full diagnosis of 
the defect, deal with health insurance companies 
and enable the patient and family understand that 
the PE is not only an aesthetic problem.  

    Validation 

 Validation is the confi rmation of the experience 
or judgment of one author by another and is 
achieved by repeating another author’s work and 
reaching the same results. The same materials, 
methods, inclusion and exclusion criteria have to 
be used. Publishing the validated results is 
encouraged to reinforce the author’s original 
experience and fi ndings. The Haller Index cut-off 
point of 3.25 used for surgical indication, for 
example, has never been validated by other 
authors, even though a great deal of chest wall 
malformation experts use it routinely in their 
practice. Although a huge variety of indexes have 
been described in the literature, only few authors 
have validated some of them. An example of vali-
dation is the recent publication of Poston et. al. in 
which the Correction Index described by St. Peter 
et al. was analyzed obtaining similar results than 
those obtained by the original authors.  

    Description 

 The most frequently reported thoracic indexes 
will be hereby described. 
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    Clinical Indexes 

    Anthropometric Index 
 As stated by its authors, the  A nthropometric 
 I ndex ( AI ) is a quickly administered and low- 
cost clinical assessment tool, which does not 
induce any adverse effects and is not vulnerable 
to environmental infl uences. The A and B clinical 
measurements are carried out with the patient in 
a horizontal supine position on a fl at table paral-
lel to the fl oor during deep inhalation. The 

A measurement is defi ned as the largest antero-
posterior diameter at the level of the distal third 
of the sternum, and the B measurement, as the 
largest depth at the same level. 

 The AI for PE is calculated by dividing B by 
A (Fig.  7.1 ) [ 5 ]. The AI cut-off point for PE pre- 
and postoperatively is 0.12.   

   Table 7.1    Proposed classifi cation of the most commonly reported thoracic indexes   

 Type  Subtype  Thoracic indexes 

 Diagnostic indexes  Assessment indexes  Most commonly reported indexes 

 Clinical  Anthropometric Index [ 5 ,  10 – 12 ] 

 Chest X-ray  Sternal  Vertebral Index [ 7 ,  10 ,  13 – 16 ] 

 Welch Index [ 17 ,  18 ] 

 Haje Body Manubrial Index [ 2 ] 

 Haje Body Manubrial Xyphoid Index [ 2 ] 

 Severity  Chest-X-Ray Haller Index [ 19 – 21 ] 

 Deformity  Confi guration Index [ 7 ] 

 Frontosagittal Index [ 16 ] 

 Chest CT scan  Sternal  Haje Width Length Index [ 1 ] 

 Severity  Haller Index [ 22 – 24 ] 

 Modifi ed Haller Index 
   In expiration [ 24 ,  25 ] 
   For carinatum [ 7 ] 

 Correction Index [ 19 ,  26 ] 

 Deformity  Asymmetry Index [ 6 ,  27 – 29 ] 

 Vertebral Index [ 28 ] 

 Frontosagittal Index [ 28 ] 

 Steepness Index [ 27 ] 

 Excavatum Volume Index [ 27 ] 

 Depression Index [ 28 ,  30 ] 

 Eccentricity Index [ 28 ,  29 ] 

 Unbalance Index [ 28 ] 

 Flatness Index [ 29 ] 

 Circularity Index [ 29 ] 

 Cardiac  Cardiac Compression Index [ 31 ] 

 Cardiac Asymmetry Index [ 31 ] 

 Modifi ed Cardiac Compression Index [ 24 ] 

 Chest and cardiac MRI  Sternal, severity, deformity and cardiac  All the aforementioned 

 Cardiac MRI Indexes [ 32 – 37 ,  45 ] 

 Other a   Stress cardiac ultrasound [ 38 ] 

 Pletismography [ 39 ] 

 External body scanner Indexes [ 38 ,  40 ] 

   a These thoracic indexes will not be assessed in the current chapter  

 Anthropometric   Index  =  B / A 
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 The case series presented by Rebeis et al. [ 10 ] 
exhibited signifi cant difference between male 
and female patients. The authors believed that the 
breasts accounted for this difference because 
measurements A and B were obtained using 
gauging devices that run across the chest. This 
belief is supported by no difference being found 
between male and female preteen subjects (3–10 
years), when the breasts have not yet been devel-
oped. Authors such as Knutson [ 11 ] and Horst 
et al. [ 12 ] endorse the AI.   

    Chest X-ray Indexes 

 Because direct measurements are subject to vari-
ations in age, height, and body mass, radiographic 
indexes were also developed. 

    Vertebral Index 
 Authors such as Rebeis et al. [ 10 ], Welch [ 17 ], 
Backer et al. [ 13 ], Hummer and Willital [ 15 ], 
Haller et al. [ 22 ], and Derveaux et al. [ 7 ] formu-
lated individual indexes to quantify the severity 
of the deformity and/or to enable the compari-
son between preoperative and postoperative 
results more objectively. All of them have in 
common that their indexes relate the approxi-
mation of the sternum to the spinal column. The 
 V ertebral  I ndex ( VI ) is calculated from a lateral 

thoracic radiography. It is defi ned as the ratio 
between the sagittal diameter of the vertebral 
body (BC) and the sagittal anteroposterior 
diameter of the posterior side of the sternum 
until the posterior side of the vertebral body 
(AC). The  L ower  V ertebral  I ndex ( LVI ) is cal-
culated at the xiphisternal junction [ 7 ,  10 ], 
whereas the  U pper  V ertebral  I ndex ( UVI ) is 
calculated at the sternomanubrial junction [ 7 ]. 

 Rebeis et al. [ 10 ] found that the LVI cut-off 
point for PE patients pre-operatively is within 
the means published by Derveaux et al., that 
is, 0.292 ± 0.067 (Fig.  7.2 ). Derveaux et al. [ 7 ] 
proposed three Chest-X-Ray indexes. The LVI 
(age dependent) was measured at the xiphi-
sternal junction and calculated by BC/AC. The 
UVI (age independent) was measured at the 
sternomanubrial junction and calculated by EF/
DF. The  Con fi guration  I ndex ( ConI ) was the 
result of the ratio between DE/AB where DE 
and AB are the sagittal anteroposterior diameter 
of the back side of the sternum to the front side 
of the vertebral body, at the xiphisternal and 
sternomanubrial junctions, respectively. The 
ConI was particularly valuable in patients with 
complex PE, often with axial sternal rotation 
and/or scoliosis (Fig.  7.2 ). Mean pre-operative 
UVI was equal to 0.235 ± 0.045. Mean pre-
operative ConI was equal to 1.175 ± 0.214. The 
results obtained regarding LVI were  compatible 

a b

  Fig. 7.1    Schematic representation of a PE patient for the 
calculation of the  Anthropometric Index . ( a ) measure-
ment of the anteroposterior distance during deep inhalation 
at the distal third of the sternum. ( b ) measurement during 

deep inhalation at the greater depth, at the distal third of 
the sternum. The instruments used were: an articulated 
square, a rigid ruler coupled to a level (the measuring 
device), a pinned limiting device and a conventional ruler       
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with those of Ohno et al. who expressed results 
as a percentage ratio. The pre-operative cut off 
point for LVI > 27 [ 16 ].    

    Frontosagittal Index 
 According to Ohno et al. the  F ronto  S agittal 
 I ndex ( FSI ) is the percentage ratio between max-
imum internal transverse diameter (T) and mini-
mum sagittal diameter of the chest, measured 
from the anterior surface of the vertebral body to 
the nearest point on the sternal body (D). 

 The authors concluded that the LVI decreased 
whereas the  FSI  increased signifi cantly post- 
operatively (Fig.  7.3 ). They suspected that the 
abnormal post-operative indexes were the result 
of thin and fl at chests, because of the short sagit-
tal diameter of the thoracic cage, even though the 
sternum was adequately elevated and PE patients 
were satisfi ed with the cosmesis. The pre- 
operative cut off point for FSI < 29 [ 16 ].    

    Welch Index 
 In 1958, Welch reported a technique for the 
correction of PE that emphasized total preser-
vation of the perichondrial sheaths of the costal 
cartilage, preservation of the upper intercostal 
bundle, sternal osteotomy and anterior fi xa-
tion of the sternum with silk sutures [ 17 ]. By 
the year 1988, Shamberger and Welch, had 
surgically corrected 704 PE patients with 
the same technique. Severity of the deformi-
ties was assessed on a scale 1–10 based on a 
series of measurements made from chest-x-
rays (Fig.  7.4 ) [ 18 ]. According to the authors, 
surgical repair is recommended for PE patients 
beyond infancy with an infl exible deformity 
and a severity rating  W elch  I ndex ( WI ) of ≥5.   

  Fig. 7.2    Lateral Chest-X-Ray of a PE patient. Note Rebeis 
et al. and Derveaux et al. measurements to calculate the 
 Lower Vertebral Index  at the xiphisternal junction. 
 BC  = sagittal diameter of the vertebral body and  AC  = sagit-
tal anteroposterior diameter of the back side of the sternum 
to the back side of the vertebral body. Derveaux et al. also 
measure the  Upper Vertebral Index  at the sternomanu-
brial junction.  EF  = sagittal diameter of the vertebral body 
and  DE  = sagittal anteroposterior diameter of the back side 
of the sternum to the back side of the vertebral body. The 
 Confi guration Index  is the ratio between the sagittal 
anteroposterior diameter of the back side of the sternum to 
the front side of the vertebral body at the xiphisternal ( DE ) 
and sternomanubrial ( AB ) junctions       

 Lower Vertebral Index  =  BC / AC 
 Upper Vertebral Index  =  EF / DF 
 Confi guration Index  =  DE / AB 

 Lower Vertebral Index  = ( B / A ) ×  100 
 Fronto Sagittal Index  = ( D / T ) ×  100 

 By calculating the :
    1.     Depression ratio  ( DR ) = D 1 /D 2 ,   
   2.     Deformity Grade  ( DG ) = (1−DR) × 10 

and the,   
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  Haje Body Manubrial Index     This sternal index 
has been proposed by Haje et al. It is obtained 
from a lateral chest X-ray. To calculate it, the 
length of the manubrium and body of the sternum 
are measured in centimeters. A ratio resultant of 

the division of the length of the ossifi ed body (B) 
by the length of the ossifi ed manubrium (M) is 
called the  B ody  M anubrium ( BM ) Index [ 2 ] 
(Fig.  7.5 ). It cannot be obtained when sternal seg-
ments are fused.     

    Haje Body Manubrium Xyphoid Index 
 This sternal index has also been proposed by 
Haje et al. It is obtained from a lateral Chest-X- 
Ray when ossifi cation of the xyphoid process (X) 
is observed. A new ratio, representing the dis-
tance in centimeters from the top of the body to 
the bottom of the xyphoid process (BX) divided 
by the length of the manubrium (M), is obtained 
and called the  B ody  M anubrium  X yphoid ( BXM ) 
Index (Fig.  7.5 ) [ 2 ].  

  Fig. 7.3    PA and lateral Chest-X-Rays of a PE patient. 
 Lower Vertebral Index : percentage ratio between mini-
mum sagittal diameter of the chest measured from the 
posterior surface of the vertebral body to the nearest point 
on the sternal body ( A ) and the sagittal diameter of the 

vertebral body at the same level. ( B )  Fronto Sagittal 
Index : percentage ratio between maximum internal trans-
verse diameter ( T ) and minimum sagittal diameter of the 
chest, measured from the anterior surface of the vertebral 
body to the nearest point on the sternal body ( D )       

 Body Manubrium Index  =  B / M 

   3.     Cardiothoracic Ratio  = maximal hori-
zontal cardiac diameter/maximal hori-
zontal thoracic diameter (inner edge of 
ribs/edge of pleural) multiplied by 100. 
It is measured form a PA Chest-X-Ray. 
Normal values are <50 %.    

 The Welch Index is equal to : 

 – DG  +  0.5 if Rib angle  ( Ø ) >  25 °

 and / or 

 DG  +  0.5 if the Cardiothoracic ratio  > 50  %
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 The sternal body in controls is slightly more 
than twice the length of the manubrium. The cut- 
off point for the BM Index is 2.16 and for the 
BMX Index is 2.73. Lower BM values depict 
shorter sternal bodies. 

 The study originally aimed to determine the 
infl uence of sternal growth on the development of 
pectus deformities and correlate imaging studies 

with clinical aspects of different types of 
 deformities. Although it was not Haje’s main 
objective, when considering the BM and the 
BMX sternal indexes from a surgical point of 
view, these indexes might be useful to defi ne sur-
gical strategies as for example to predict the 
number of pectus bars needed for a Nuss proce-
dure by correlating sternal length, age and tho-
racic elasticity.  

    Chest-X-ray Haller Index 
 The  H aller  I ndex ( HI ) will be explained in detail 
further in this chapter. It derives from dividing 
the greater transverse diameter (the horizontal 
distance of the inside of the ribcage) by the 

  Fig. 7.4    Welch’s method of grading severity of the defor-
mity (Welch Index) uses the distance from the anterior 
surface of the spine at T-9 to the posterior surface of the 
sternum ( D-1 ), over the distance from the spinous process 
of T-3 to the angle of Louis ( D-2 ). Additional 0.5 is added 
if the rib angle ( Ø ) is greater than 25° or the cardiotho-
racic ratio is >50 %       

  Fig. 7.5    Diagram of the measurements done on the lat-
eral view of the sternum. ( M ) Manubrium length; ( B ) 
Body length; ( BX ) Body-Xyphoid distance. A lateral 
radiograph of a normal 11-year-old patient was used as a 
model       

 Body Manubrium Xyphoid Index  =  BX / M 
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anteroposterior diameter (the shorter distance 
between the vertebrae and the sternum). 

 Poston et al. determined PE severity from 
Chest-X-Rays, instead of Chest CTs, to minimize 
radiation exposure of PE patients. Authors found 
a strong correlation between HIs calculated from 
Chest-X-Rays (Chest-X-Ray HIs) and those by 
Chest CT Scans. Both HIs demonstrated good 
inter-rater reliability. Nonetheless, even though 
the sensitivity of Chest-X-Rays in diagnosing 
severe PE (Chest CT HI ≥ 3.2) resulted high, 
specifi city was less convincing. But when using a 
cut-off point for Chest-X-Ray HIs of 3.75 or 
greater, combined specifi city resulted quite high 
(0.96). They fi nally suggested using Chest CT 
Scans as a confi rmatory test for Chest- X-Ray 
HIs between 3.2 and 3.75 [ 19 ]. 

 According to Khanna et al. [ 20 ], Chest-X-Ray 
HI correlates strongly with Chest CT HI, has 
good inter-observer correlation, and a high diag-
nostic accuracy for pre-operative evaluation of 
PE. Authors suggest that a Chest CT is not 
required for pre-operative evaluation of PE, and a 
two-view Chest-X-Ray is suffi cient enough for 
preoperative imaging of the defect. 

 Mueller et al. [ 21 ] measurements, calculated 
from preoperative Chest-X-Rays yielded HIs 
equivalent to those taken from Chest CT Scans. 
Authors postulated that the replacement of pre-
operative Chest CT by radiographies would 
reduce unnecessary exposure to radiation in chil-
dren with asymptomatic PE. They believe this is 
particularly desirable because radiation exposure 
may have long-term side effects in growing chil-
dren that range from long bone growth derange-
ments to fatal malignancies. When in doubt, a 
Chest CT Scan could be indicated for the preop-
erative evaluation (Fig.  7.6 ).     

    Chest Scan Indexes 

    Haje Width Length Index 
 This index was proposed by Haje et al. from cor-
onal CT Scans, traced out on a schematic repre-
sentation of the anterior chest wall. The  W idth 
 L ength  I ndex ( WLI ) is calculated by dividing 

  Fig. 7.6     Chest - X - Ray Haller Index  measurement on two-
view chest radiography. ( A ) The point of most posterior pro-
jection of the sternum is identifi ed, and the distance between 

that segment and the anterior aspect of the corresponding 
vertebra is measured. ( B ) The lateral diameter is measured at 
the vertebral body level on the anteroposterior view       

 Chest - X - Ray Haller Index  =  A / B 
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the maximum width of the ossifi ed sternal body 
by its length (Fig.  7.7 ). This implies higher WLI 
indexes for wide sternal bodies, with possible 
connotations for the prognosis and treatment of 
different types of pectus deformities [ 1 ]. The 
mean WLI Index for controls is 0.420. The mean 
WLI Index for PE patients is >0.446.    

   Sternal Depression Index 
 The  S ternal  D epression  I ndex ( SDI ) is the ratio 
between the maximal internal sagittal diameter of 
the left side of the chest (C) and the minimal dis-
tance between the anterior surface of the verte-
bral column and the posterior border of the 
deepest portion of the sternum (B). 

 The vertical distance between the higher and 
lowest point of the anterior chest wall (A) is a 
measure of the sternal depression. 

 Chu et al. [ 30 ] reported that the average depth 
of depression of the sternum (A) was 21 ± 7 mm 
whereas the SDI was 2.7 ± 1.4. When the SDI was 
arbitrarily used to classify the severity of sternal 
deformity, mild sternal deformity was associated 
to a SDI < 2.4; moderate sternal  deformity was 

associated to a SDI between 2.4 and 2.9; and 
severe sternal deformity was associated to a SDI 
index >2.9 (Fig.  7.8 ). As the depression index 
increased, the cardiac rotation angle (Ø) increased 
with a correlation coeffi cient of 0.75.

      Haller Index 
 The  H aller  I ndex ( HI ), described in 1987 by Dr. 
Haller J, Dr. Kramer and Dr. Lietman, is a math-
ematical relationship, usually measured by chest 
CT scans [ 22 ]. As aforementioned, HI derives 
from dividing the transverse diameter (the widest 
horizontal distance of the inside of the ribcage) 
[T] by the anteroposterior diameter (the shorter 
distance between the vertebrae and the sternum) 
[A] (Fig.  7.9 ) [ 23 ].   

 Despite several issues that will be discussed 
further, the HI remains a useful tool in judgment 
of operative indication. The cut-off point for PE 
patients is >3.25 [ 22 ]. 

 The HI has been chosen as the gold standard 
for the majority of chest wall malformation 
experts. Presumably because it is easy to mea-
sure, and because surgeons and radiologists are 

  Fig. 7.7    Lines  W  (widest length of the ossifi ed sternal 
body) and  L  (longest length of the ossifi ed sternal body), 
are used for the study of the WL index in coronal CT 
Scans. The  Width Length Index  is calculated by the divi-
sion of W by L       

  Fig. 7.8    Chest CT Scan showing measurements to calcu-
late the depth of sternal depression ( A ),  Sternal 
Depression Index  ( C / B ), and cardiac rotation angle ( Ø ). 
 D  = sagittal line from anterior border of the vertebral body 
and line from anterior border of vertebral body ( E )       

 Width Length Index  =  W / L 

 Haller Index  =  T / A 
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used to calculate and interpret it. Moreover, it has 
a high inter-observational reliability as demon-
strated by Lawson et al. [ 41 ] Nonetheless, it is 
thoroughly documented that the HI has several 
limitations (Table  7.2 ).

   To start with, there is no convincing evidence 
regarding it provides accurate information to guide 
surgical correction of PE. Its cut-off point is quite 
variable among authors. Daunt et al. [ 4 ] for instance 
proposed an upper limit of 2.7, Khanna et al. [ 20 ] 
of 3.2, Kilda et al. [ 43 ] of 3.1 whereas most chest 
wall malformation experts adopt a cut-off point 
equal or greater than 3.25. In spite of this, as 
Lawson et al. [ 41 ] published, there is a consider-
able variability among medical practitioners in 
determining the HI depending on how the images 
are chosen and how measurements are taken from 
the chosen images. Secondly, the HI might be unre-
liable since it varies with age,  gender [ 4 ,  5 ], tho-
racic shape [ 2 ,  5 ], and whether it is done in 
inspiration or expiration [ 30 ]. Thirdly HI is unprac-
tical for surgical – decision making as it does not 
consider asymmetry [ 24 ], percentage of sternal and 
costal depression [ 24 ], cardiac compression or car-
diac asymmetry [ 41 ,  44 ]. Also results from con-
trols and PE patients overlap between each other 
[ 26 ]. While width serves as a surrogate for compar-
ing dimensions of the chest, it does not depict the 
position of the sternum relative to the anterior rib-
cage. A wide chest increases HI whereas a narrow 
chest decreases HI  regardless of the severity of the 

PE [ 24 ]. HI bares no conclusive relationship with 
the aesthetic complaints observed. For instance, the 
patient in (Fig.  7.10 ) clearly has a PE. But when 
calculating his HI it is equal to 3.24. St. Peter et al. 
proposed the Correction Index (CI), a novel tho-
racic index, which is independent of chest width 
and assesses the percentage of chest depth [ 26 ]. 
The CI will be described ahead in this chapter.

      Modifi ed Haller Indexes 
 The Modifi ed Haller Indexes result from changes 
made to the HI. 

   Haller Index in Expiration 
 Chest wall diameters vary with breathing and these 
variations may modify the  H aller  I ndex in 
 Ex piration ( HI - Ex ) values and surgical indications 
[ 25 ]. Albertal et al. found that the antero- posterior 
diameter values vary from end-inspiration to end-
expiration, and correspond to signifi cant changes 
(29.6 %) in HI values (Fig.  7.11 ) [ 24 ]. Their study 
showed that HI was more severe at end-expiration 
than at end- inspiration, leading to an increase in sur-
gical candidacy.

      Haller Index for Carinatum 
 The  H aller  I ndex for  C arinatum ( HI - Car ) is a kind 
of “reverse” HI described by Poncet et al. [ 40 ] 

  Fig. 7.9    CT axial image: Calculation of the  Haller 
Index  = 91 mm/16 mm = 5.68. The sternum is so severely 
depressed that it is 1.6 cm from the anterior portion of the 
vertebra       

   Table 7.2    Limitations of the Haller Index   

 Problems with the Haller Index (thoroughly documented 
in the literature) 

 Fairness (for 
patients and 
surgeons) 

 3.25 cut-off point for surgical 
indication is no longer a good 
discriminator between PE patients 
and controls [ 4 ,  20 ,  28 ,  41 ] 

 Bares no conclusive relationship with 
the aesthetic complaints observed 
[ 24 ,  41 ] 

 Variation with thoracic shape [ 2 ,  5 ,  41 ] 

 Variation with age and gender [ 4 ,  5 ] 

 Variation with inspiration/expiration [ 24 ] 

 Depends on chest width which 
results in overlapping between 
controls and PE patients [ 26 ] 

 Practicity  Does not consider asymmetry 
[ 27 – 29 ,  41 – 44 ] 

 Does not consider cardiac 
compression [ 29 ,  31 ,  38 ] 
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Authors calculated severity indexes of the deformi-
ties from Chest CT scans and from the outline of 
torso cross sections (i.e., from skin to skin 

 measurements) obtained from optical images. To 
assess the severity of carinatum defects, the HI-Car 
( d Lat/ d AP) and a modifi ed pectus index ( moHI - Car ) – 

  Fig. 7.10    ( Left ) Patient consulting for PE. ( Right ) Chest CT Scan revealing a Haller Index = 3.24. According to the 
cut-off point of HI, the patient does not have PE       

  Fig. 7.11    Chest CT Scan of a 16-year-old PE patient. 
Axial CT images of the same patient are observed at full 
inspiration and full expiration. Demonstration of mea-
surements performed to assess PE. A signifi cant reduction 

in the anteroposterior diameter of the chest at full expira-
tion can be noted, while minimal change is observed in the 
transverse diameter       
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which calculates the ratio between the central 
chord to the under surface of the maximal protru-
sion ( dAPmo ) by the widest transverse diameter 
( d  Lat ) (Fig.  7.12 ) – were measured. Values of 
HI-Car ranged from 1.19 to 2.2 (mean = 1.66). 
Values of Chest CT moHI-Car ranged from 2.27 to 
3.1 (mean = 2.5). Regression analyses were per-
formed to compare results from both Chest-CT 
HI-Car and Chest-CT moHI-Car with results from 
cross- sections of HI -Car and moHI-car obtained 
from optical images. Optical measures of cross-
sectional deformities correlated well with HI-Car 
(r 2  = 0.94) and even better with those of moHI-Car 
(r 2  = 0.96). According to the authors, adaptation of 
the Haller Index for pectus carinatum deformity 
evaluation was effective, and consistent with the 
torso surface deformity measures.     

   Correction Index 
 The  C orrection  I ndex ( CI ) was described by St. 
Peter et al. [ 26 ] who observed that HI is depen-
dent on width and does not assess the depth of the 
defect correctly. In their study by utilizing larger 
cohorts with age-defi ned groups for controls they 
concluded that using a height to width ratio of 
3.25 as a discriminator to defi ne potential candi-
dates for PE repair could no longer be held true. 

 Thereby the authors proposed a novel index 
calculated from chest CT at end-inspiration [ 26 ]. 

 A horizontal line is drawn across the anterior 
spine. Then the CI measures the minimum dis-
tance between the posterior sternum and the ante-
rior spine (narrowest point) [AP min], plus the 
maximum distance between the anterior spine 
and the anterior portion of the chest (widest 
point) [AP max]. The difference between those 
values (widest minus narrowest point), in other 
words, the amount of defect, is divided by the 
widest point (Fig.  7.13 ) and fi nally multiplied by 
100 thus giving the percentage of PE depth the 
patient is missing. Conversely, it represents the 
percentage of chest depth to be corrected by bar 
placement.

   Using the CI, a normal distribution is created 
more clearly for both controls and PE patients 

  Fig. 7.12     Haller Index for Pectus Carinatum : the wid-
est transverse diameter [ dLAT ] is divided by the highest 
antero-posterior distance [ dAP ].  Chest CT Haller Index 
adapted for pectus carinatum : the widest transverse 
diameter [ dLAT ] divided by the distance from the central 
chord to the under surface of the maximal protrusion 
[ dAPmo ]       

  Fig. 7.13    Calculation of the  Correction Index . In this 
case it is almost 44 % indicating the patient has a moder-
ate to severe PE       

 Haller Index for Carinatum  =  d  Lat / d  AP 
 Modifi ed Haller Index for Carinatum  =  
d  Lat / d  APmo 
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with no overlap between them. The gap is in fact 
large enough to enable a high degree of confi -
dence in defi ning PE. The key to CI success is 
that it is blind to chest width and that it defi nes 
the distance of the sternum from the goal 
position.  

 The cut-off point of CI is set at 10 % to dif-
ferentiate controls from PE patients without over-
lapping. St. Peter et al. [ 26 ] statistically 
demonstrated that a CI > 10 % means that more 
than 10 % of the chest depth between the anterior 
chest and the anterior spine is centrally depressed 
which is by defi nition PE. With this novel index, 
the possibility of a high index and no defect or a 
deep defect with a low index is removed. 

 Poston et al. [ 19 ] validated the fi ndings of St. 
Peter et al. [ 26 ], using the same formula but cal-
culating the CI differently. They recommend a CI 
of 28 % or greater when correlating statistically 
with the well known Haller Index cut-off value of 
3.25 (which unfortunately has never been vali-
dated). These authors also observed that although 
the HI correlates well with the CI in PE patients 
with symmetric chest wall deformities, it is quite 
discrepant in asymmetric cases.  

   Deformity Indexes 
 According to Lawson et al. [ 41 ] deformity 
indexes are needed because the HI alone may be 
inadequate to quantify postoperative changes in 
the shape of the chest. Individual PE patients may 
also have chest characteristics that impact the 
success of repair, many of which would be 
unlikely to be measured solely by the HI. 

 They thereby designed a digitizer protocol 
used by radiologists, which included detailed 
instructions on how to select the appropriate 5 
images to calculate pectus defect severity. Once 
the measurements were made, the HI and 

 A symmetry  I ndex (AI) were calculated for each 
slice as T/A and R/L × 100, respectively. A 
patient’s overall HI was defi ned as the largest of 
the 5 images calculated. Both radiologists dis-
agreed with the 3.2 threshold used as the cut-off 
point for eligibility for surgery by insurance 
 companies and numerous surgeons. The AI was 
defi ned as the farthest from 100 of the 5 images’ 
calculated value. For this reliability study, the 
indexes were compared between digitizer mea-
surements and between radiologists for each slice 
selected. The radiologists had almost perfect 
agreement on the selection of the slices to be 
used for the HI and AI. They noted the use of the 
cross-sectional area is less likely to be impacted 
by the shape of the chest than any currently used 
index. The digitizer protocol alleviated potential 
biases and inconsistencies in data being collected 
from multiple centers with competing surgical 
treatments. Although it is more extensive than 
just determining a single HI or AI as a rough 
gauge of severity or deformity, it provides a tool 
for assessing both the need for surgery and the 
outcome of repair in any future quality monitor-
ing program or to readily study any potential 
future modifi cations of the surgical technique 
(Fig.  7.14 ) [ 41 ].   

 Other surgeons preferred deformity indexes 
such as the  V ertebral Index ( VI ) and the  F ronto 
 S agittal  I ndex ( FSI ) to evaluate the degree of chest 
wall deformation changes after surgery, using pre- 
and postoperative radiological examination data. 

 Kilda et al., for example, concluded that when 
preparing a PE patient for surgery, it is important 

 Correction Index  = [( AP max − AP min )/ 
AP max ] ×  100 

 Asymmetry Index  = ( R / L ) ×  100 
Interpretation:
   When AI = 100; R = L; Symmetric PE  
  When AI > 100; R > L; Right Asymmetric PE  
  When AI < 100: R < L; Left Asymmetric PE   
This Asymmetry Index is expressed as a 
percentage ratio
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to perform a chest CT scan and give an overall 
evaluation of the chest shape and deformation 
degree considering the following cut-off points: 
VI > 26, FSI < 33 and HI > 3.1 They also concluded 
the dynamics of deformation is better depicted by 
means of VI rather than HI (Fig.  7.15 ) [ 43 ,  44 ].   

 Masaoka et al. calculated the steepness index, 
excavatum volume index and asymmetry index to 
evaluate the impact of surgical repair on PE 
patients (Fig.  7.16 ) [ 27 ]. Pre- and postoperative 
means were estimated for each index but no infor-
mation about cut-off points was given though.

   All measurements improved postoperatively.  

 Lee et al. [ 28 ] retrospectively analyzed pre- 
and postoperative Chest CTs of more than 300 
PE patients to obtain new CT indexes:  D epression 

  Fig. 7.15    Axial CT scan showing value assessments. [ A ] 
transversal chest dimension. [ B  and  B   1  ] sagittal right and 
left chest size dimensions. [ C ] sternovertebral distance. 
[ V ] vertebral body length       

 Vertebral Index  = [ V /( V  +  C )] ×  100 
 Frontosagittal Index  = ( C / A ) ×  100 

 Steepness Index  = D/W
 Excavation Volume Index  = O × W/
(IA × IB) + (rA × rB) 
Asymmetry Index  = IA × IB/rA × rB

a b

  Fig. 7.14    ( a ) Axial CT Scan of a patient with 
PE. Calculation of the Haller Index and Asymmetry 
Index. Ref: [ T ] transversal chest dimension; [ R  and  L ] 
sagittal right and left chest size dimensions; [ A ] sternover-
tebral distance. ( b ) 5-position protocol for intrathoracic 
measurement of Haller Index and Asymmetry Index at 
each cut level. Position 1: the level of the sternomanubrial 

junction (anterior second rib ends); Position 5: the level of 
the tip of the xiphoid; Position 4: the level of the end of the 
body of the sternum; Positions 2 and 3: divide the distance 
between positions 1 and 4 by 3. Position 2 is one third of 
the way between positions 1 and 4, and position 3 is two 
thirds of the way between positions 1 and 4 (calculated by 
the digitizer technician)       
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 I ndex ( DI ),  A symmetry  I ndex ( AI ),  E ccentricity 
 I ndex and  U nbalance  I ndex. These were useful in 
precise understanding of the degrees of depres-
sion and asymmetries as well as in comparing 
morphological changes before and after opera-
tive repair of the defect (Fig.  7.17 ). Evaluation of 
the AI revealed that treating PE patients with the 
Nuss technique enabled symmetrical correction 
of asymmetric PE. Lee et al. postulated that with 
the modifi ed techniques tailored to each specifi c 
type of asymmetry, indications of the Nuss pro-
cedure could be expanded essentially to all mor-
phological kinds of PE.

   The four thoracic indexes decreased after 
surgery. When comparing preoperative values 
of symmetric and asymmetric PE AI values 
were different (1.036 ± 0.042 vs. 1.107 ± 0.080, 
p < 0.01), but postoperatively the difference 
became not signifi cant (1.019 ± 0.022 vs. 
1.024 ± 0.028, p = 0.08), which means asym-
metric types are corrected to a symmetric con-
fi guration after surgery [ 28 ]. 

 Cartoski et al. [ 6 ] calculated the HI by T/A, 
 A symmetry  I ndex (AI) by R/L × 100, and Chest 

  Fig. 7.16    Masaoka et al.’s measurements for deformity 
indexes  W  distance between the prominent points of the 
anterior chest wall on both sides,  D  length of the perpen-
dicular line between the center of the anterior table of the 
sternum and the line showing combination of both promi-
nent points,  rA  length between the right lateral thoracic 
wall and the vertical line from the center of sternum,  rB  
distance between the prominent point of right anterior 
thoracic wall and the touch line of right back,  IA  length 
between the left lateral thoracic wall and the vertical line 
from the center of the sternum,  IB  distance between the 
prominent point of left anterior thoracic wall and the 
touch line of left back       

Depression  Index (DI) = A / B Asymmetry Index (AI) = A / B

Eccentricity Index (EI) = A / B Unbalance Index (UI) = α / β

  Fig. 7.17    Deformity indexes displaying degrees of Depression, Asymmetry, Eccentricity, and Unbalance       
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Shape Index by T/R. Sternal torsion angle is 
marked and represents the degree of torsion or tilt 
to the right (most common) or left (unfrequent). 
All measurements were measured at maximum 
distances except for A, which was measured as 
the minimum distance between the anterior 
 surface of the vertebral column and the deepest 
portion of the sternum (Fig.  7.18 ).   

 The authors point out that a long PE has surgi-
cal relevance relating to choices made during the 
corrective procedure. The Nuss procedure may 
require 2 bars instead of 1 if the patient has a 
depression affecting the chest that the addition of 
only 1 bar fails to correct the condition entirely. 
Two bars are not always necessary for a long 
depression as some patients, especially younger 
children, have greater fl exibility in their thoracic 
cavity and experience a good correction with a 
single bar. 

 Chest CT scans allow greater perception of 
asymmetry inside the thoracic cavity in compari-
son with the external clinical perception. 
Although no cut-off point for surgical eligibility 
has been set for the AI, this index is a likely 

 predictor of surgical outcome. Since it is a ratio 
of two sides of the PE depression values away 
from 100 are merely a refl ection of whether the 
right or the left side of the depression is deeper. 

 Sternal torsion measured at an angle >30° is 
considered severe, whereas mild torsion is 
applied to any angle <30°. Sternal torsion to the 
right often appears with asymmetry to the right 
and the other way around in general. A sternal 
torsion to the left changes the surgical strategy to 
avoid injuring the heart. A severely twisted ster-
num upon correction does not always completely 
fl atten and can leave a slight protuberance in the 
appearance of the chest. 

 Kim et al. [ 29 ] believe conventional indexes 
that defi ne the severity of PE have several limita-
tions, e.g. they are manually calculated and can-
not supply information about asymmetry. The 
authors developed four automatized indexes that 
can represent both the depression and the asym-
metry of the chest-wall by CT Scan. Three 
indexes, including  E ccentricity  I ndex (EI), 
 F latness  I ndex (FI), and  C ircularity  I ndex ( CI ), 
were suggested to represent the depression of the 
chest-wall, and one index,  R otation  I ndex ( RI ), 
to represent the asymmetry of the chest-wall. The 
suggested indexes showed clear trends of change 
with the severity of chest-wall deformation in 
regards to both the depression and the asymme-
try. Results of statistical analysis showed high 
correlation between the new indexes and HI, 
showing possibility of replacing HI.  

   Cardiac Compression and Cardiac 
Asymmetry Index 
 According to Kim et al. [ 31 ], the chest CT fi nd-
ings of PE include displacement of the heart into 
the left hemithorax with mild clockwise rotation 
and a pancake-like appearance of the heart with 
an increase of the frontal silhouette to the left. 
The possible mechanisms that produce circula-
tory problems include: (1) decreased infl ow due 
to cardiac rotation and twisting of the great veins; 
(2) cardiac compression; (3) impaired diastolic 
expansion; and (4) decreased respiratory effort. 
The  C ardiac  C ompression  I ndex ( CCI ) derives 

  Fig. 7.18    Deformity indexes displaying severity of the 
Depression, Asymmetry, Chest shape and Torsion angle       

 Asymmetry Index  = R/L × 100
 Chest Shape Index  = T/R
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from the H/M ratio and the  C ardiac  A symmetry 
 I ndex ( CAI ) derives from the P/M ratio 
(Fig.  7.19 ).

      Modifi ed Cardiac Compression Index 
 Albertal et al. [ 24 ] calculated the cardiac com-
pression index (CCI) from chest CT by dividing 
the cardiac transverse diameter by the cardiac 
antero-posterior diameter. CCI increased signifi -
cantly during end-expiration, primarily driven by 
an increase on the cardiac transverse diameter. 

Surgical indication was found in 71 % and 91 % 
(20 % difference) of patients during end- 
inspiration and end-expiration, respectively 
(p < 0.05) (Fig.  7.20 ). Authors therefore recom-
mend performing the CT at end-expiration.

        MRI Indexes 

 These include all the aforementioned indexes and 
cardiac indexes for delineating the anatomical 
and physiological components of PE as well as 
measuring the results of treatment [ 32 ]. As 
already said, the diagnoses of PE is clinical. 
Nonetheless the quantitative measurement of the 
deformity has been evaluated by means of radi-
ographies and CTs. Recent reports in the litera-
ture have recognized the problem of radiation 
and some authors commenced using MRI to 
diagnose and assess the severity of the pectus 
deformity [ 33 – 35 ]. Future directions could even-
tually include the routine acquisition of inspira-
tory and expiratory MRI sequences. Research has 
shown that this may provide more physiological 
information; in expiration, the deformity may 
worsen [ 36 ]. Furthermore, cine MRI has demon-
strated to be capable of evaluating both chest 
morphology and chest wall kinetics, and may 
well add important diagnostic information [ 45 ].   

  Fig. 7.19    Calculation of the Cardiac Compression Index 
( CCI ) and the Cardiac Asymmetry Index (CAI) from a 
Chest CT at end-inspiration. CCI = 102.4/39.2 = 2.6 (Cut- 
off point: 1.82); CAI = 68.3/39.2 = 1.74 (Cut-off point 1.15)       

  Fig. 7.20    Axial images of the heart at full inspiration and 
full expiration. Measurements performed to assess cardiac 
compression are shown. There is a signifi cant increase in 
the cardiac transverse diameter at full expiration and no 

valuable modifi cations in the cardiac anteroposterior diam-
eter. Notice the maximal cardiac anteroposterior diameter 
revealed a sizeable increase of 5.1 % at full expiration 
whereas the maximal cardiac transverse diameter, 37.7 %       
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    Survey 

 Because of the large number of thoracic indexes 
reported worldwide and the diverse variety of 
diagnostic tools available today, there is no con-
sensus on which is the best thoracic index to diag-
nose, assess severity, defi ne strategies within 
treatment, and quantify postoperative thoracic 
shape changes. For this reason, a selected group of 
international chest wall malformations experts 
were consulted by means of a web-based survey. 
The main objective was to start classifying tho-
racic indexes and to establish a unifying criterion. 

The entire project was designed, implemented and 
analyzed by Drs. Martinez- Ferro and Park, and 
supervised by the Chest Wall International Group 
(CWIG) president, Dr. H. Pilegaard. The web-
based survey was performed using the Survey 
Monkey TM  (Palo Alto, CA, USA) website. It con-
sisted of 10 multiple choice questions about the 
preoperative and intraoperative management of PE 
patients, focusing on the current use of the most 
commonly used thoracic indexes for surgical plan-
ning. In general, more than one answer could be 
selected per question. The survey was confi dential 
and anonymous (Table  7.3 ).

   Table 7.3    Ten multiple-choice questionnaire. Web- 
based survey   

 (Q1) Which preoperative studies do you use  in ALL 
(100 %) your patients  with pectus excavatum? 

   Chest X-ray 

   Chest CT 

   3D Chest CT 

   MRI 

   Cardiac MRI 

   Cardiac US 

   Echo stress 

   Cardiopulmonary test 

   Exercise stress test 

   24-h Holter monitoring 

   Pulmonary function test 

   Plethismography 

   Thoracic spine X-ray 

   Nickel allergy test and/or other metal allergy tests 

   Other (describe) 

 (Q2) In your opinion, thoracic indexes for treatment 
decision-making are? 

   Essential 

   Very useful 

   Barely needed 

   Useless 

 (Q3) If a, b or c, why do you use them? 

   Because Insurance Companies/Health System 
request them 

   Because they help you to identify the severity of the 
deformity 

   Because they may change the surgical technique 
and/or approach 

   Because they help you describe the problem to the 
patient 

   I don’t use them at all 

 (Q4) Which Indexes do you routinely use in your 
practice? 

   Haller Index 

   Modifi ed Haller Index 

   Correction Index 

   Welch Index (X-ray) 

   Asymmetry Index 

   Cross-sectional chest area 

   Depression Index 

   Eccentricity Index 

   Flatness Index 

   Circularity Index 

   Unbalance Index 

   CT-derived Cardiac Compression Index 

   CT-derived Correction Index (Kansas) 

   Anthropometric Index 

   Vertebral Index 

   Frontosagittal Index 

   Other (describe) 

 (Q5) The Haller Index is: 

   Essential 

   Very useful 

   Useful 

   Useless 

 (Q6) In your opinion, a 3.25 Haller index as cut-off 
value between surgical and non-surgical patients is: 

   Correct 

   Incorrect 

 (Q7) You order a Haller Index 

   In inspiration 

   In expiration 

   I do not specify it in my order 
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   The invitation, together with 3 reminders, 
were sent to chest wall malformation experts 
between March and April 2014. After the 2 
months prospective data collection period, 
responses were downloaded to a Microsoft 
Excel TM  fi le (Redmond, WA, USA) for descrip-
tive analyses of answers. Duplicate responses 
corresponding to the same author were removed 
by deleting the less complete response. 

    Results 

 Of the 334 surveyed chest wall malformation 
experts, 92 answered the questions and a mean of 
86, range: 92–74 (25.74 %) participated in the 
project. Sixty-one percent were males. 

 In accordance with  Q uestion  1  ( Q1 ), for pre-
operative evaluation, 58.7 % of responders tend 
to indicate a Chest CT Scan whereas 50.2 %, 
order a Chest X-Ray and/or an Echocardiography. 
A 3D Chest CT Scan is opted by 22.8 % of the PE 
experts, and a Thoracic Spine – X – Ray, by only 
7.6 % of them. Nobody will indicate a cardiac 
MRI or a Plethismography. Moreover, while 
50 % of the surgeons always request a pulmonary 
function test, those exams involving exercise (as 
treadmill exercise, stress-echo US or cardiopul-
monar tests) are seemingly to be ordered by only 
a 12 % (Fig.  7.21 ).

    Q uestion  2  ( Q2 ) is about the value of thoracic 
indexes for treatment decision-making, 14.3 % of 
chest wall malformation experts reported they are 
essential; 45 %, very useful; 35.1 % barely 
needed and 5.6 % useless (Fig.  7.22 ).

   The reason for using thoracic indexes is 
detailed in the answers to  Q uestion  3  ( Q3 ). 

 Forty-four of those who do not consider tho-
racic indexes useless (72.1 %), employ them 
because they help to better identify the severity of 
the deformity and 30 (49.2 %), because thoracic 
indexes help to describe the problem to the 
patient. Insurance Companies/Health Systems 
are a less signifi cant reason, and only 13.51 % of 
the surgeons will use thoracic indexes to change 
their surgical technique and/or approach 
(Fig.  7.23 ).

   According to  Q uestion  4  ( Q4 ), 89.78 % of 
responders prefer to employ in their routine prac-
tice either the Haller Index (79.55 %) or a modi-
fi ed Haller Index (10.23 %) (Fig.  7.24 ).

   In  Q uestion  5  ( Q5 ) 86.36 % of the surgeons 
consider the Haller Index: Essential, Useful and 
Very Useful (Fig.  7.25 ).

   Surprisingly more than half of the experts 
(56.32 %) consider a cut-off value of 3.25 incor-
rect,  Q uestion  6  ( Q6 ), (Fig.  7.26 ). This seems to 
be a contradiction when considering that the 
analysis of Q4 and Q5 reveal that almost 90 % 
responders indicate a Haller Index routinely, and 
86.36 % believe it is essential, useful and very 
useful.

   Results of Q6 are also in confl ict with those 
revealed in  Q uestion 8 ( Q8 ), as almost 70 % of 
responders state that they prefer the Haller Index 

Table 7.3 (continued)

 (Q8) If you had to choose only one Index to use, 
which one would you prefer? 

   Haller Index 

   Modifi ed Haller Index 

   Correction Index 

   Welch Index (X-ray) 

   Asymmetry Index 

   Cross-sectional chest area 

   Depression Index 

   Eccentricity Index 

   Flatness Index 

   Circularity Index 

   Unbalance Index 

   CT-derived Cardiac Compression Index 

   CT-derived Correction Index (Kansas) 

   Anthropometric Index 

   Vertebral Index 

   Frontosagittal Index 

   Other (describe) 

 (Q9) Which is your preferred technique for the 
correction of pectus excavatum? 

   Resective surgery (Ravitch and modifi cations) 

   Nuss Technique (and modifi cations) 

   Bardaji Ventura Technique 

   Other (specify) 

 (Q10) If you selected the “Nuss Technique”, would 
you consider important to have a way of predicting in 
advance how many bars will the patient need? 

   Yes 

   No 
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or a modifi ed Haller Index if they had to choose 
only one single index (Fig.  7.27 ).

   When asking if the Haller Index should be 
ordered in Inspiration or Expiration in  Q uestion 

 7  ( Q7 ), 65.48 % reported it is irrelevant, whereas 
19.05 % and 15.48 % said they request it dur-
ing expiration and inspiration, respectively 
(Fig.  7.28 ).

  Fig. 7.21    Question 1 results       
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  Fig. 7.22    Question 2 results       
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  Fig. 7.23    Question 3 results       

  Fig. 7.24    Question 4 results       
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    Q uestion  9  ( Q9 ) is about the preferred surgi-
cal technique for the correction of PE. Most sur-
geons (89.53 %) advocate PE repair with the 
Nuss technique, whereas a few use the Ravitch 
procedure (3.49 %) or its variants, or the Bardaji – 
Ventura technique (1.16 %) (Fig.  7.29 ).

   For those chest wall malformation experts 
who selected the Nuss technique in Question 9, 
75.9 % consider important to have an index that 
may help to predict in advance the need for 1 or 2 
bars.  Q uestion  10  ( Q10 ) (Fig.  7.30 ).

56.32%

100%80% 90%60% 70%40% 50%20%0%

Correct

Incorrect

10% 30%

Q6 In your opinion, a 3.25 Haller index as
cut-off value between surgical and non-

surgical patients is:

Respondido: 87 Omitido: 7

  Fig. 7.26    Question 6 results       
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  Fig. 7.25    Question 5 results        
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Q8 If you had to choose ONLY ONE Index,
which one would you prefer?

Respondido: 86 Omitido: 8

  Fig. 7.27    Question 8 results       
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        Conclusions 

 The survey revealed the need to:
•    establish an order and propose a classifi ca-

tion for the large variety of thoracic indexes 
in existence,  

•   replace the Haller Index and fi nd a new 
gold standard,  

•   validate all indexes before putting them 
into practice    
 After analyzing them one by one in this 

chapter, it has to be concluded that there is 
currently no thoracic index without limita-
tions. Perhaps the perfect index will be a 
mathematical combination of several different 

indexes. Perhaps it will be a single index still 
to be discovered. In any case, the index must 
be a diagnostic and assessment tool that will 
enable to:

    1.    Establish the difference between PE 
patients and controls without overlapping.   

   2.    Evaluate the severity of the deformity 
without biases.   

   3.    Quantify the cardiopulmonary impact of 
the deformity without biases   

   4.    Help to defi ne therapeutical strategies   
   5.    Quantify improvements after surgical 

repair or after non-operative treatment.     

100%

Q9 Which is your preferred technique for
the correction of pectus excavatum?
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  Fig. 7.29    Question 9 results       
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  Fig. 7.30    Question 10 results       
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 Most probably this effort could only be 
achieved by an international “task-force” com-
posed by experts working in centers with vast 
experience in treating thoracic wall deformities. 
In this case, there is room for a society such as 
the Chest Wall International Group that gather 
many of such experts and centers. It may take 
many years to fi nd a universal, validated thoracic 
index, but the labor will be worthwhile.     
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