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ABSTRACT

Objective: To compare and correlate the value of the Haller index calculated with chest x-ray with the values calculated with a
Computed Tomography (CT) scan.

Study Design: Cross-sectional study.

Place and Duration of Study: Department of Radiology, Combined Military Hospital, Peshawar Pakistan, from Jan to Jun
2018.

Methodology: A total of 50 male patients aged >16 years presenting with pectus excavatum were included. Haller index was
calculated after CT scan and X-ray.

Results: The mean age of the patients was 20.20+2.34 years. The mean Haller Index for CT scan was 2.35£0.39, and the mean
Haller Index for X-ray was 2.01+0.45. A strong and positive correlation existed between the Haller index for CT scans and X-
rays (r=0.83).

Conclusion: X-rays can be used instead of CT scans to measure the Haller index and plan the surgical intervention with
similar accuracy.
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INTRODUCTION

Pectus excavatum, also known as anterior chest
wall depression or sunken chest, is among the most
common chest anomalies, which usually presents in
infancy and progresses as the child grows.1 It is more
prevalent in males and presents in one individual out
of every four hundred and is found most commonly in
members of the Caucasian ethnic group.® This
depression might be of variable severity, i.e. mild to
severe. The extent and depth of this depression
determines the degree of pulmonary as well as cardiac
compression.*

With the advancement of minimally invasive
thoracoscopically assisted techniques, the most
challenging question a surgeon faces is which patient
would improve with surgical intervention.> This
decision may differ according to the cardiopulmonary
compression, the patient's physical signs and
symptoms, and the psychological impact of coping
with this deformity. Another measurement which can
impact the decision to operate is the Haller Index.¢ It is
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the ratio of the transverse dimension of the chest to the
anteroposterior chest wall diameter taken at the point
of maximum depression or deformity. The Haller
Index has traditionally been described as taken on
axial slices of the chest on computerized tomography
(CT scan).”8

According to the standard guidelines, computed
tomography (CT scan) determines the bony and
cartilaginous chest wall deformity in children with
pectus excavatum.®!0 This study aims to compare and
correlate the value of the Haller index calculated with
chest x-ray with the values calculated with CT scan
(taken as reference). Furthermore, see if using X-rays
as the standard modality to calculate the Haller Index
at our hospital is feasible.

METHODOLOGY

The cross-sectional study was conducted at
Department of Radiology, Combined Military Hospital
(CMH), Peshawar Pakistan, from January to June 2018,
after obtaining approval from the Hospital Ethical
Review Committee (No. 37/21).

Inclusion Criteria: Male patients aged 216 years
presenting to the Radiology Department after a referral
from Orthopaedic or Surgical consultants for
evaluation of pectus excavatum were included.
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Exclusion Criteria: Patients with other anomalies, e.g.,
scoliosis, kyphosis, Marfan’s syndrome, or pectus
carinatum, were excluded.

The procedure and purpose of the study were
explained to the patients and their attendants, and
written informed consent was taken. Using a 64-slice
GE light-speed VCT CT scanner, a non-contrast-
enhanced chest CT scan was performed. Haller Index
was calculated using a rotation time of 330
milliseconds, tube voltage of 120 kV, weight-based
mAs and collimation of 64 x 0.625 mm.

Images were stored and retrieved from the GE
PACS system. An axial slice of the CT scan at the site
of maximum  deformity (where the chest
anteroposterior dimension was the least) was chosen.
A line was drawn from the sternum's posterior surface
to the vertebral body's anterior surface (line b). At the
same level, another line was drawn horizontally,
measuring the thoracic cage's maximal width from the
ribs' inner margins on either side (line a). Haller’s
index was calculated by dividing the maximal width of
the thorax by anteroposterior distance (Figure-1).

Figure-1: A Line is drawn from the posterior surface of
sternum to the anterior surface of the vertebral body (line b).
Another line drawn horizontally measuring maximal width of
the thoracic cage (line a). The Haller’s index was calculated by
dividing the maximal width of thorax by antero-posterior
height (Haller Index= a/b)

After the CT scan, a two-way chest x-ray was done
in both postero-anterior and lateral views. This was
achieved using a 300 mA Siemens x-ray machine, and the
Haller Index was calculated according to the standard
guidelines, as mentioned previously. A horizontal line
was drawn on the lateral radiograph from the sternum's
deepest portion to the vertebral body's anterior margin
(line b). The level of this vertebral body was ascertained
by counting from the 12th rib. The transverse diameter

of the chest was determined at the same vertebral body
level on the postero-anterior view of the chest from the
inner margins of the rib cage (line a). The ratio
obtained was the radiographic Haller’s index (Figure-
2).

‘

Figure-2: A horizontal line (line b) was drawn on the lateral
radiograph from the deepest portion of the sternum to the
anterior margin of the vertebral body. The level of this
vertebral body was ascertained by counting from the 12th rib.
The transverse diameter (line a) of the chest was determined at
the same vertebral body level on postero-anterior view of
chest. The ratio of these two lines (a/b), was the radiographic
Haller’s index

Statistical Package for Social Sciences (SPSS)
version 25.0 was used for the data analysis.
Quantitative variables were expressed as MeantSD
and qualitative variables were expressed as frequency
and percentages. Pearson’s correlation test was applied
to measure the strength of the linear relationship
between variables.

RESULTS

All the patients included in the study were male.
The mean age of the patients was 20.20+2.34 years
(Range 16-25 years). The mean Haller Index for CT
scan was 2.35+0.39, with a minimum index of 1.70 and
a maximum index of 3.30. The mean Haller Index for
X-ray was 2.01£0.45, with a minimum index of 1.40
and a maximum index of 3.50 (Table). Pearson’s
correlation was used to determine the relationship
between the Haller index for CT scans and the Haller
index for X-rays. There was a strong and positive
correlation (r=0.83) and was statistically significant.

Table: Comparison of Haller index for CT scan x-ray (n=50)
HALLER INDEX | CT SCAN X- RAY
Mean+SD 2.35+0.39 2.01+0.45

p-value
<0.001
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DISCUSSION

This study was conducted while working in an
armed forces hospital, where many candidates for
recruitment in Pakistan’s military services have their
medical tests carried out for physical fitness. These
include chest radiographs for all candidates as a basic
investigation and any radiological investigation for
those candidates who require further evaluation in
case of any specific clinical or medical query arising
from the physical examination. Traditionally, only CT
scans have been used to evaluate the Haller Index, and
we applied the same principles to chest radiographs to
establish if we were able to achieve comparable results,
as CT scan machines are not always readily available
in remote locations in Pakistan. Additionally, a CT
scan is much more expensive and usually beyond the
financial reach of most candidates and results in a
much heavier radiation dose to the patient. Our
purpose was to achieve the same results with plain
chest radiographs, which are readily available, carry a
significantly reduced radiation dose and are much
cheaper.

Pectus excavatum is among the most common
anterior chest anomalies involving the lower sternum
near the xiphoid and the adjacent costal cartilages,
resulting in decreased thoracic cavity anteroposterior
diameter.”  Pectus excavatum presents during
childhood, and in some cases, it develops once an
individual reaches the age of puberty. It usually results
in impairment of cardio-respiratory functioning, and
the patients may suffer from various negative
psychological and social effects. In order to determine
the degree of anterior chest wall deformity, many
scales depend on the distance between the spine and
sternum.!?

Among the most recent scales, the Haller index is
commonly used. It is calculated as the ratio between
the horizontal distance of the inside of the ribcage and
the shortest distance between the vertebrae and
sternum.’® All these measurements are made with the
help of a CT scan. This Haller index is used to
determine the severity of the disease, and it helps plan
surgical interventions. According to the studies,
surgical intervention has been shown to improve the
symptoms of pectus excavatum, i.e., reducing anterior
chest wall depression and cardio-respiratory
functioning, etc.'* Nowadays, the Nuss technique, also
known as the minimally invasive operation, is used for
the repair of pectus excavatum.1

The mean Haller index in our study was
2.35%0.39. This index was close to the normal range.
According to the study, a Haller index value of 2.5 was
considered normal, and this value was increased as the
degree of chest deformity increases, i.e., it may reach
3.25 and a maximum of up to 5.5.16

When we compared the Haller index for CT scan
with the Haller index for X-ray, there was a strong and
positive correlation and was statistically significant
(0.706, p=0.05). According to a study by Khanna et al.3
Haller index for X-rays strongly correlated with that
calculated with a CT scan. They also suggested that X-
rays can be used for the Haller index and surgical
intervention planning. A similar study was conducted
by Messerli et al.77 in which they documented limited
low-dose CT exposure in the case of pectus excavatum
in order to measure the index and cover the deepest
parts of the pectus. A study by Poston et al.l® also
favoured the use of X-ray for measuring the correction
index in the case of pectus excavatum.

LIMITATIONS OF STUDY

There were certain limitations to our study. Firstly, we
included a smaller number of patients. Secondly, most of the
patients in our study had Haller index values near normal;
and lastly, only young male members of society were
included in our study. All these patients had mild or, at the
most, moderate pectus excavatum and were either
asymptomatic or had minor cardiac or respiratory
symptoms. An extensive study with more patients, including
both males and females and having patients with a Haller
index of more than 3.0, should be conducted for an
improved, extensive and enhanced study.

CONCLUSION

According to our study, an X-ray can be used instead of
a CT scan to measure the Haller index and plan the surgical
intervention.
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