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A. ABSTRACT  
 
Background: Pectus excavatum (PE), the most common congenital chest wall deformity in 

children, is the posterior intrusion of the anterior chest wall.1 The standard for determining 

disease severity is the Haller Index (HI), which has been shown to poorly correlate with 

physiologic impairment. Recently, more novel indices have been introduced in an effort to 

more accurately reflect burden of disease but limited evidence demonstrates a correlation 

between the indices and physiologic impairment.1,2 Data confirming such a correlation would 

provide a means to measure both the severity of deformity and changes in functional disability 

in patients with PE.  

Methods: This is a retrospective study of 71 children who underwent evaluation for corrective 

surgery for pectus excavatum with preoperative cardiopulmonary exercise testing and end-

expiratory chest computed tomography or magnetic resonance imaging at a regional children’s 

hospital. Regression models were performed to predict VO2 max or O2 pulse predicted. 

Results: The regression models were not significant at predicting VO2 max or O2 pulse 

predicted. Additionally, when evaluating the either VO2 max or O2 pulse predicted along with 

the indexes independently in the linear regression model, there was no statistically significant 

relationship identified. 

Conclusions: We found that when assessing for a correlation between the HI, correction index, 

depression index, or cardiac compression index at end-expiration together and independently 

with cardiopulmonary impairment, both the linear and multiple regression models failed to 

identify a statistically significant relationship. While it would be highly advantageous for a PE 

severity index to correlate with objective physiologic impairment, our data suggest that the 

currently defined indices calculated at end-expiration fail to do so.  

  



 

TABLE OF CONTENTS  
 
Introduction .................................................................................................................................... 1 

Methods .......................................................................................................................................... 3 

Study Design .............................................................................................................................. 3 

Measurements and Assessments .............................................................................................. 3 

Data Analysis........................................................................................................................... 11 

Results ........................................................................................................................................... 12 

Discussion...................................................................................................................................... 15 

Limitations..................................................................................................................................... 16 

Future Directions .......................................................................................................................... 17 

Conclusions ................................................................................................................................... 18 

References .................................................................................................................................... 19 

  



 

LIST OF FIGURES AND TABLES  
 
Figure 1: Haller Index Analysis ........................................................................................................ 4 

Figure 2: Correction Index Analysis ................................................................................................ 6 

Figure 3: Depression Index Analysis ............................................................................................... 8 

Figure 4: Cardiac Compression Analysis ....................................................................................... 10 

Table 1: Multiple Regression of O2 Pulse Predicted with Indices ................................................ 13 

Table 2: Multiple Regression of VO2 max with Indices ................................................................ 14 

 



 1 

INTRODUCTION 
 

Pectus excavatum (PE) affects 1 in every 300 to 1,000 live births with a male to female 

ratio of 5:1, making it the most common congenital chest wall deformity in children.1  PE is a 

posterior intrusion of the lower sternum, ribs, and xyphoid process, most often presenting 

during the first year of life.  Although the physiologic and psychologic consequences vary, a 

significant number of patients with PE experience symptoms severe enough to warrant 

corrective surgery.3 The current metric for quantifying disease severity in PE and candidacy for 

surgery is the Haller Index (HI), which fails to accurately reflect the severity of deformity in a 

significant number of patients.4, 5 Notably, however, third-party payers use the Haller index to 

determine coverage determination for the surgical correction of PE.6 

The Haller index (HI) was first introduced nearly three decades ago7.  Also referred to as 

the pectus index, the HI is defined as the ratio of the shortest internal anterior-posterior 

distance to the longest internal transverse distance of the thorax using computed tomography 

(CT).  In the original publication, Haller et al.7 noted that all patients who had been previously 

selected for surgery had an index greater than 3.25, while all of the controls had an index of 

less than 3.25.  While no objective criteria were used in initial development of the HI, the HI 

remains the standard metric for evaluating the severity of pectus excavatum with the accepted 

threshold for surgical correction being greater than 3.2.4,7  

Recent studies critical of the HI have shown it fails to accurately reflect the severity of 

PE deformity.4 Because the HI is a ratio of the anterior-posterior and transverse diameters, 

patients with significant discrepancies of the anteroposterior or medial-lateral thoracic 

dimensions will have significantly confounded index measures.  To address these issues, the 

correction index (CI) was introduced which represents the percentage of central chest depth 

the patient has lost. A CI index score of greater than 10% indicates a need for repair.4,6  

In a comparison study of the HI with the CI, it was determined that the HI failed to 

correctly discriminate between PE cases and healthy controls.4 In the patients with pectus, the 

HI demonstrated a 47.8% overlap with the controls, and 19% fell below the 3.25 threshold.  

Conversely, the CI had zero overlap, and perfectly categorized PE from controls.4 Therefore, the 

CI has the potential to much more accurately characterize the severity of deformity in patients 



 2 

with PE and may provide a more reliable correlation to physiologic impairment and functional 

disability.  

While the CI has been shown to more reliably reflect the severity of chest incursion into 

the mediastinum in comparison to the historic HI, both indices are dependent on thoracic 

diameter.  This dependency subjects both the HI and CI to variation among patients with 

circular or elliptical (“barrel shaped”) chest dimensions.4  

A third index has been proposed that aims to eliminate the dependency on thoracic 

dimensions, thereby quantifying the severity of the PE deformity independent of lateral 

thoracic diameter.  This index, termed the depression index (DI), is based on the notion that 

transverse vertebral body diameter of T9, T10, and T11 correlate with an individual’s height, 

and thus, provides a better measure of visual severity of the deformity than either the HI or CI.9  

Fagelman et al.9 were able to show a correlation between observable depression severity and 

DI; however, they failed to correlate the DI with any kind of physiologic parameter, and no such 

studies have been done to date.  

The final index evaluated is the cardiac compression index (CCI).  As many patients with 

pectus excavatum demonstrate significant cardiac distortion associated with left lateral 

displacement of the heart, it may be beneficial to include a direct evaluation of cardiac 

compression when determining preoperative disease severity.10 The CCI provides a means to 

quantify the severity of cardiac compression and has been shown to independently discriminate 

between patients with PE and controls.10,11  

In this study we evaluated the correlation of the Haller, correction, depression, and 

cardiac compression indices with functional cardiopulmonary impairment using preoperative 

cardiopulmonary exercise test (CPET) data. We hypothesize that the correction and cardiac 

compression indices will be strongly correlated with physiologic impairment in patients with PE, 

thus providing a novel means to measure functional disability as a function of disease severity.  
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MATERIALS AND METHODS 
 
Study Design  

A retrospective study of 71 children between the ages of birth and 18 years of age who 

underwent evaluation for corrective surgery for pectus excavatum between 2010 and 2016 at 

Phoenix Children’s Hospital was conducted under IRB approval. Our final sample underwent 

preoperative end-expiratory computed tomography (CT) or MRI scan results as well as 

cardiopulmonary exercise testing.  For each patient, the HI, CI, DI, and CCI were independently 

assessed using the PACS System (GE Healthcare, Barrington, IL) by a single rater (BD). 

 

Measurements and Assessments  

Cardiopulmonary Exercise Test 

Preoperative functional capacity was determined by measurement of peak oxygen 

consumption (VO2max reported as percent predicted) and stroke volume (a surrogate for 

cardiac output), which was assessed via the O2 pulse (VO2max/heart rate) reported as percent 

predicted.  The possible values range from zero to 100% of the predicted value.  

 

Haller Index 

The HI was calculated by first determining the inner transverse thoracic diameter which was 

then divided by the anteroposterior distance between the posterior surface of the sternum at 

the lowest part of the defect and the anterior surface of the spine (Figure 1).  

 

 

 

 



 4 

 

 

  

Figure 1: Chest computed 
tomography (CT) of a patient 
with PE illustrating the 
technique by which the Haller 
index is determined 
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Correction Index: 

A second index score, the correctional index was calculated by determining the AP diameter 

between the anterior vertebral body and posterior sternum, as well as the diameter from the 

anterior vertebral body to the most anterior internal surface of the ribcage. The difference 

between the two diameters is then divided by the maximum prominence of the chest, and 

multiplied by 100. The resultant index thus represents the percentage of central chest depth 

the patient has lost (Figure 2).4 The possible values are from zero to 100%, with a value of 10% 

or greater necessitating operative repair, as this correlates with the long-accepted HI threshold 

of 3.2.6 
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Figure 2: Chest computed 
tomography (CT) of a 
patient with PE illustrating 
the technique by which the 
Correction index (CCI) is 
determined 
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Depression Index: 

The Depression Index was attained by first tracing a line between the most anterior portions of 

the ribs. The perpendicular distance from the anterior rib line to the mid sternum is then 

determined. This measure represents the skeletal sternal depression. Next, the transverse 

vertebral body diameter is measured at the same vertebral level the skeletal sternal depression 

was attained (T9, T10, or T11). The DI is therefore a ratio of skeletal sternal depression to the 

transverse vertebral diameter (Figure 3). The range of values for the DI is zero to infinity, 

although the majority of patients fall between 0.0 and 2.0. The suggested threshold for 

operative correction is 0.2 or greater.9 

 

  



 8 

Figure 3: Chest computed tomography (CT) of a patient with PE illustrating the technique by 
which the Depression index is determined 
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Cardiac Compression Index: 

The cardiac compression index provides a means to quantify the severity of cardiac 

compression due to deformity of the chest wall in patients with pectus excavatum. To 

determine the CCI the maximum transverse cardiac diameter and the minimum anteroposterior 

cardiac diameter must be measured at the deepest point of cardiac compression. The CCI is 

then calculated by dividing transverse diameter by the anteroposterior diameter (Figure 4). The 

possible values of the CCI are from zero to infinity with the cutoff value for the detection of 

pectus excavatum of 1.82.11 
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Figure 4: Chest computed tomography (CT) of a patient with PE illustrating the technique by 

which the Cardiac Compression index is determined 
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Data Analysis  

Data was analyzed utilizing SPSS Statistics version 24 (IBM Corporation, Armonk, NY).  

Pearson correlations were used to assess the relations between the indexes.  Multiple 

regression models were used to measure the degree to which the four indexes predicted the 

physiologic outcomes.  All four indexes (HI, CI, DI, and CCI) were included in the regression 

model.  If there was not a statistically significant relationship identified (p ≤ 0.05), the indexes 

were removed one at a time, starting with the index that had the highest p value, and the 

regression rerun.  Each of these steps were done for the respective physiologic variable.  

Additionally, the indexes were evaluated independently of each other (HI, CI, DI or CCI) in a 

linear regression model to determine if each index could individually predict either physiologic 

variable.  Outliers were removed from the dataset prior to analyses.  Descriptive statistics were 

used to describe the demographics of our sample.  Data are presented as mean ± SD. 
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RESULTS  
 

Initial chart review found 236 children who underwent corrective surgery for PE.  After 

excluding patients who had not completed cardiopulmonary exercise testing prior to surgery 

and those without complete imaging workup, 71 children were included.  81.7% were males 

and the mean age was 15.3 years ± 2.4.   

 When assessing the correlation between the end-expiratory HI, CI, DI, or CCI 

independently and O2 Pulse Predicted a linear regression model failed to identify a significant 

relationship among any of the indices (R2 = 0.01 – 0.03). The multiple regression models for the 

same variables were also not significant at predicting O2 Pulse (R2 = 0.03) (Table 1), indicating 

that the pectus indices fail to correlate with O2 pulse predicted both independently and 

together.  

Correlation between the end-expiratory pectus indices and VO2 max were similarly 

analyzed (Table 2). Multiple regression models failed to demonstrate a significant relationship 

(R2 = 0.07), nor did the independent analysis of each index with VO2 max.  
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Table 1: Multiple Regression of O2 Pulse Predicted with Indices 

Variable 
R2 F B 95% CI p 

1st Multiple 
Regression Model 0.03 0.54  

HI   0.73 -2.71, 4.16 0.68 
CI   -0.38 -1.07, 0.30 0.27 
DI   5.66 -15.02, 26.35 0.59 
CCI   -0.01 -6.71, 6.69 1.00 
 
2nd Multiple 
Regression Model 0.03 0.73  

HI   0.73 -2.61, 4.07 0.67 
CI   -0.38 -1.01, 0.25 0.23 
DI   5.66 -14.86, 26.18 0.58 
 
3rd Multiple 
Regression Model 0.03 1.01  

CI   -0.28 -0.72, 0.15 0.20 
DI   5.27 -15.04, 25.57 0.61 
 
Linear Regression Indexes Evaluated 
Individually 

 
 

  

HI 0.01 0.68 -0.82 -2.79, 1.16 0.41 
CI 0.03 1.76 -0.21 -0.51, 0.10 0.19 
DI 0.01 0.31 -4.05 -18.58,10.47 0.58 
CCI 0.01 0.51 -2.02 -7.67, 3.62 0.48 
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Table 2: Multiple Regression of VO2 max with Indices 

Variable 
R2 F B 95% CI p 

1st Multiple Regression 
Model 0.07 1.18  

HI   0.34 -2.77, 3.45 0.83 
CI   -0.31 -0.93, 0.32 0.33 
DI   4.78 -13.91, 23.46 0.61 
CCI   -2.77 -8.84, 3.30 0.37 
 
2nd Multiple Regression 
Model 0.07 1.58  

CI   -0.26 -0.68, 0.17 0.23 
DI   4.61 -13.87, 23.08 0.62 
CCI   -2.90 -8.80, 3.00 0.33 
 
3rd Multiple Regression 
Model 0.06 2.28  

CI   -0.19 -0.51, 0.14 0.25 
CCI   -2.86 -8.72, 3.01 0.34 
 
Linear Regression Indexes Evaluated Individually    
HI 0.02 1.66 -1.17 -2.97, 0.64 0.20 
CI 0.05 3.61 -0.27 -0.55, 0.01 0.06 
DI 0.01 0.93 -6.50 -19.95, 6.94 0.34 
CCI 0.05 3.18 -4.56 -9.66, 0.54 0.08 
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DISCUSSION 
 

The aim of this study was to analyze the correlation between the Haller index, 

correction index, depression index, and cardiac compression index at end-expiration with 

cardiopulmonary impairment in patients with pectus excavatum. Physiologic impairment was 

assessed using cardiopulmonary exercise test data using O2 pulse predicted and VO2 max as 

indicators of cardiopulmonary function. While it has been well established that patients with 

pectus excavatum often have compromised cardiac and/or pulmonary function, our data 

suggest that the currently defined severity indices at end-expiration fail to correlate with 

objective physiologic impairment. When assessing for a correlation between the HI, CI, DI, or 

CCI together and independently with cardiopulmonary impairment, both the linear and 

multiple regression models failed to identify a statistically significant relationship (Tables 1 and 

2).  

The explanation for this failure of correlation may lie in over reliance on variables most 

influenced by left ventricular (LV) function. Many of these patients demonstrate varying 

degrees of compression of the right atrium and ventricle yet their LV function is within normal 

range. As a result, the CPET data fails to capture any appreciable physiologic impairment. 

Furthermore, patients with PE often complain of respiratory symptoms such as shortness of 

breath and/or dyspnea with exertion even if the primary impairment is cardiac in nature. In the 

setting of normal LV function, these symptoms could potentially be the result of right heart 

compression causing right heart strain. Therefore, emphasis should be placed on analyzing the 

presence and degree of right heart strain in patients with symptomatic pectus excavatum.  
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LIMITATIONS 
 

While we do have predicted norms for both VO2 max and O2 pulse predicted that we 

studied with CPET, there are clearly patients who compensate for physiologic impairment 

through exercise. It is not uncommon for children with severe cardiac compression secondary 

to a pectus deformity to have exercise intolerance as manifested by early buildup up lactate. 

However, many children are able to attain normal CPET values through cardiovascular exercise. 

We suspect that these children would most likely demonstrate supranormal cardiopulmonary 

performance in the absence of cardiac compression from their pectus deformity as a result of 

their level of training.  
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FUTURE DIRECTIONS  
 

Our data indicates that the current pectus excavatum severity indices fail to correlate 

with cardiopulmonary impairment in children. We hypothesize that this failure of correlation is 

due to the CPET variables commonly used for markers of physiologic impairment being 

significantly influenced by left ventricular function. Many children with PE exhibit right heart 

compression in the setting of normal LV function. Moving forward, it will be important for 

physiologic analysis of PE patients to focus on right heart compression and strain. This may be 

accomplished through echocardiography or volumetric 3D imaging with MRI. Additionally, the 

current pectus indices have much room for improvement to more closely reflect disease 

burden.  
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CONCLUSIONS  
 

It has been long established that patients with pectus excavatum may be symptomatic 

secondary to compromised cardiac and/or pulmonary function. We found that when assessing 

for a correlation between the end-expiratory HI, CI, DI, or CCI together and independently with 

cardiopulmonary impairment, both linear and multiple regression models failed to identify a 

statistically significant relationship. While it would be highly advantageous for a PE severity 

index to correlate with objective physiologic impairment, our data suggest that the currently 

defined indices at end-expiration fail to do so.  
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