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ABSTRACT

BACKGROUND: Magnetic resonance imaging is more often used to confirm the presence of pectus excavatum and assess
compression changes in the heart at this level.

AIM: To evaluate pectus excavatum preoperatively according to magnetic resonance imaging findings.

MATERIALS AND METHODS: A retrospective evaluation of chest magnetic resonance imaging data of 38 patients (male,
n = 30; female, n=8) was performed. The average age was 19.9 years (+9 years).Cardiac magnetic resonance imaging
was performed on a 1.5-T General Electric Optima MR450w GEM scanner with 2D-FIESTA-C pulse sequences, as well as
functional assessment of the left and right ventricles. Parameters for surgical treatment of pectus excavatum were as
follows: the Haller index, correction index, and sternum rotation angle. Statistical analysis of the relationship between
the Haller index, correction index, and sternum rotation angle and ejection fraction of the right ventricle was conducted.
A p-value <0.05 was considered significant.

RESULTS: Moderate and severe pectus excavatum were found in 92% of the cases. No significant Pearson correlation was
obtained between the Haller index and right ventricular ejection fraction (inspiratory and expiratory ejection fraction, P=0.777
and 0.798, respectively). The mean right ventricular ejection fraction was 46%. A correlation was noted between the Haller index
and the correction index (P < 0.05). The rotation angle of the sternum, which required modification of surgical intervention, was
detected in 44.7% of patients.

CONCLUSION: Magnetic resonance imaging is an informative diagnostic method for pectus excavatum pectus excavatum
without radiation exposure and enables detailed preoperative assessment. A correlation was noted between the Haller index
and the correction index (P < 0.05). Magnetic resonance imaging revealed a decrease in the ejection fraction of the right
ventricle.

Keywords: pectus excavatum; magnetic resonance imaging; right ventricle ejection fraction; Haller index; correction index;
sternal torsion angle.
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MaruuTtHo-pe3oHaHcHasa ToMorpagus
npyu BOPOHKOO6pasHoi pedopMaumm rpyaHOU KNETKK

I.C. Mysadaposa, M.B. BuwHskosa, A.C. Abpamenko, B.A. Ky3bmuues, B.B. MauyubiH

MocKoBCKUI 0611aCTHON Hay4YHO-MCCNe0BATENbCKMIA KITMHUYECKUA HCTUTYT uMenn M.O. Bnagumupckoro, Mockea, Poccus

AHHOTALIMA

06ocHoBaHMe. MarHuTHo-pe3oHaHcHas ToMorpadua valle NpUMEHSETCS NS NOLTBEPXAEHWUS (haKTa HauuMs BOPOHKO-
obpasHoli fedopMaLmu FpyLHON KNETKW, a TaKKe ANS OLEHKW KOMMPECCUOHHBIX U3MEHEHWI CepAiLia Ha 3TOM YpOBHe.

Lilenb — npuuenbHas npefonepaunoHHas oLeHKa BOPOHKO0Opa3HoM aedopMaumm rpyAHON KNETKM NO LaHHBIM MarHUTHO-
Pe30HaHCHOW ToMorpaguu.

Matepuans! u MeToppl. [poBefieHa peTpOCNEKTMBHAS OLEHKA MarHUTHO-Pe30HaHCHOI ToMorpadum opraHoB rpyaHoi KneT-
Kn y 38 naumenToB (30 MyxKcKoro nona, 8 xeHckoro nona). CpeaHuii Bospact — 19,9 roaa (9 ner).
MarHuTHo-pe3oHaHcHas ToMorpadua cepfua BoiNonHANAck Ha annapate General Electric Optima MR450w GEM 1,5 Tn ¢ uc-
MoNib30BaHUEM MMNYNbCHbIX NocnepoBatenbHocTel 2D-FIESTA-C ¢ aneKTpoKapamorpagmyeckon CUHXPOHM3aUMen ¢ QYHK-
LIMOHANLHOM OLLEHKOW COCTOSHMSA NIEBOT0 W NPABOro KemyA04KOB. bbinv noayyeHsl napaMeTpebl, HE0OX0AUMbIE ANS AaNbHEN-
LLEro OMepaTUBHOIO JIeHeHUs NaLMEHTOB MO NOBOLY BOPOHKO0BPa3Hoi AedopMaumm rpyanHel — MHAEKC Mannepa, UHOEKC
KOPPEeKLMW, Yrof poTaumuu rpyauHbl.

MpoBeneHa cTatucTyeckas obpaboTka MoMyYeHHbIX AaHHBIX, MOWUCK B3aMMOCBA3M MeXAY MHOEKCOM [annepa, MHLEKCOM
KOpPeKLWH, YINIOM poTaumm rpyauHbl U Gpakumeli Bolbpoca npaBoro enyaoyka. 3Havenune p <0,05 cuntanu rpanmuen cTa-
TUCTUYECKON 3HAYMMOCTMH.

Pesynbtatbl. B 92% cnyyaeB y naumeHTOB BbifBNIEHa YMEPEHHas W TAXENASA BOPOHKO0Opa3Has AedopMaLys rpyAHON KieT-
Ku. [pn noucKe B3aMMOCBS3M MeXAY 3HaYeHUAIMM UHAeKca lannepa u dpakumen Bbibpoca NpaBoro Xenyaouka He bbinio
MONYYeHO CTAaTUCTMHECKM 3HauMMoi Koppensaumu Mupcona (p=0,777 pna 3HauyeHun Gpakummn Boibpoca Ha Baoxe u p=0,798
ANs 3Ha4eHW Gpakuum Bbibpoca Ha BbiAoxe). CpeaHee 3HayeHue dpakumm Bbibpoca NMpaBoro xenyaoyuKa coctaBuno 46%.
Mpy cTaTUCTMYECKOM aHanu3e no Mepe yBenuueHus uHpekca lannepa (yBennyenue crenequ gedopMauumn opraHoB rpyaHoi
KJEeTKM) BbII0 0TMEYEHO YBenMYeHWe uHaeKca Koppekumm (p <0,05). 3HaueHus yrna poTaumu rpyauHbl, notpeboBasLume Mo-
AMOUKaLMU onepaTMBHOro BMeLLaTenbcTBa (bonee 15°), bbinm BoisBneHbI Y 44,7% naumeHToB.

3aknoyeHne. MarHuTHo-pe3oHaHcHas ToMorpadus — BbICOKOMH(OPMATMBHbIA METOA AMArHOCTUKW NPW BOPOHKO0Bpa3HoM
AedopMaLmmn rpyaHoOI KNeTku: 6e3 Jly4eBon Harpy3Ku U ¢ BO3MOXHOCTbIO NOAPOOHOI NpesonepaLMoHHON OLEHKM NaToso-
TUYECKWX U3MEHEHUN.

MonydeHbl AaHHbIE 0 HANMYMM KOPPENSLMM MeXy 3HauyeHuaMU uHaekca lannepa u nHaekca Koppekuum (p <0,05). Kpome
TOrO, N0 AaHHLIM MarHUTHO-PE30HAHCHO TOMOrPauu BhISIBNIEHO YMEHbLLEHUE (paKLuMW BbIDpOCa NpaBoro Xenynouka.

KnioueBble cnioBa: BopoHKooGpasHas fedopMaums rpymHONM KIETKU; MarHUTHO-pe30HaHCHas ToMorpadus; dpakums
BbIGpOCa NPaBoro JKenynouKa; MHAeKc fannepa; MHAEKC KOpPPEKLMM; Yrof poTaLum rpyayHbi.
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BACKGROUND

Pectus excavatum (PE) is a prevalent developmental
chest wall deformity affecting 1:300-1:1,000 newborns,
with clinical manifestations most commonly observed at
10-12 years of age and during puberty [1, 2].

The sternum and anterior ribs “sink” into the thorax in
PE, resulting in a depression of varying depth and shape. The
chest wall deformity is believed to be the result of aberrant
rib cartilage development, which causes progressive
displacement of the sternum due to their excessive growth.
The attachment of ribs 6 and 7 to the sternum is where the
most substantial alterations are observed. Pectus carinatum,
a protrusion chest deformity also known as “keel chest,” is
diagnosed when the sternum is displaced forward. “PE,” or
“funnel chest” deformity, is diagnosed when the sternum is
displaced inward [2].

In addition to cosmetic defects, PE is linked to
displacement of mediastinal organs and structures and
compression of lung tissue, which can impact heart and lung
function and reduce physical activity [3-6].

Due to its accessibility and speed, computed tomography
(CT) is widely employed to evaluate the degree of deformity
and the position of the mediastinal organs in relation to the
deformed chest wall [3].

Magnetic resonance imaging (MRI) is also used to
verify the presence of a deformity and evaluate possible
compression of the heart [3]. MRI does not involve radiation
exposure and offers comparable diagnostic information
regarding the sternum and ribs to CT. Nevertheless,
there are only a limited number of sources that provide
comprehensive information regarding the informative value
of MRI in evaluating the parameters required for surgical
planning [4].

Given the significance of establishing the appropriate
indications for the surgical treatment of PE, the severity of
this malformation is assessed using several parameters,
including the Haller index, the correction index, and the
sternal rotation angle.

The Haller index is determined using axial scanning.
This index is calculated by dividing the transverse diameter
of the chest wall (the maximum distance between the
inner surfaces of the ribs) by the anteroposterior diameter
of the chest (the distance between the posterior aspect of
the sternum and the anterior aspect of the vertebra) [7]. In
PE, the anteroposterior diameter decreases because of the
depression of the sternocostal complex, which causes the
Haller index to increase [8]. The Haller index is classified as
follows:

+ Normal: <2.0

+ Mild PE: 2.0-3.2

+ Moderate PE: 3.2-3.5

- Severe PE: >3.5

Surgical treatment of PE is indicated when the Haller
index exceeds 3.25.
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The correction index is defined as the ratio of the
expected increase in thoracic deformity of the corrected
sternum (as reflected by the formula calculating the
difference between the maximum size and the available
minimum size) to the maximum anterior and posterior
internal chest size, expressed as a percentage. The
correction index has been used to guide the treatment of
PE patients only recently [9].

The sternal rotation angle is a critical parameter in PE
patients, as understanding the severity and direction of
the angle is required for appropriate subsequent surgical
planning [10].

STUDY AIM

To construct a targeted evaluation of PE parameters
using MRI.

MATERIALS AND METHODS
Study Design

This single-center retrospective study evaluated heart
and chest findings in 38 patients.

Eligibility Criteria
Inclusion criteria:
+ Examination for PE
+ Available heart and chest MRI scans
+ Signed informed consent form
Exclusion criteria:
« Electronic pacemaker, metal elements inside body
« Claustrophobia
+ Inadequate patient behavior

Description of Medical Intervention

Heart MRI was performed as part of the preoperative
evaluation employing a General Electric Optima MR450w
GEM 1.5 T scanner (GE Healthcare, USA) with 2D-FIESTA-C
pulse sequences. A functional evaluation of the left and
right ventricular myocardium was incorporated into the
electrocardiographic synchronization protocol. The functional
examination used standard sequences to acquire cine images
of the heart (balanced gradient echo) in standard cardiac
axes (long 2- and 4-chamber, short 2-chamber axes).
The right ventricular ejection fraction was determined in a
semiautomatic mode (with manual adjustment of the values
obtained) during inspiration and expiration.

Haller index, correction index, and sternal rotation angle
were also evaluated as parameters necessary for the further
surgical management of patients with PE during the cardiac
function assessment.

Ethical Review

The heart MRI was conducted as part of the preoperative
evaluation in response to the request of clinicians. Therefore,
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no ethical review was performed during the retrospective
evaluation of the studies conducted.

Statistical Analysis

The sample size required for the study was not
precalculated. The mean values and standard deviations of
the measured parameters were calculated for the statistical
analysis of the data obtained. The Shapiro-Wilk test was
used to determine the normality of distribution of the
quantitative parameters. Pearson correlation coefficient and
Spearman'’s rank correlation coefficient were used to evaluate
the correlation between the quantitative characteristics.
The P-value, along with the 95% confidence interval limits
and correlation coefficients, were reported. A two-sided
significance level was estimated. A P-value of <0.05 was
considered to be statistically significant. The GraphPad Prism
9 (GraphPad Software, USA) was employed for the analysis.

RESULTS

Study Subjects

This retrospective study analyzed the heart and chest MRI
data of 38 patients (30 males, 8 females). The mean age was
19.9 years (£9 years).

Haller Index

Patients were divided into three subgroups based on
the Haller index (Fig. 1, Table 1). Mild PE patients did not
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require further surgery. The surgery was performed for
patients with moderate to severe chest wall deformities.

When assessing the correlation between the Haller index
and the right ventricular ejection fraction, no statistically
significant Pearson correlation was observed (P = 0.777
for inspiratory ejection fraction and P = 0.798 for expiratory
ejection fraction) (Fig. 2, Table 2). The mean right ventricular
ejection fraction was 46%.

There was no statistically significant association
between the Haller index and the sternal rotation angle
(P =10.9489).

Correction Index

The mean correction index in this study was 31.5 (x11)
(Fig. 3). The correction index increased in tandem with
the Haller index (the degree of chest wall deformity),
as indicated by the statistical analysis P < 0.05 (Fig. 4).
For instance, the mean correction index was 13, 24,
and 35 in patients with mild, moderate, and severe PE,
respectively.

No statistically significant association was detected
between the sternal rotation angle and the correction index
(P = 0.35) as well as between the correction index and the
right ventricular ejection fraction (P = 0.1).

Sternal Rotation Angle

The sternal rotation angle is a crucial factor in planning
the treatment strategy (Fig. 5).

263.0 mm

A 80.9m [rl

Z: @ _

A/

H ~—
a0n .

Fig. 1. Chest magnetic resonance imaging at the level of maximum
deformity; (a) the Haller index of 3.1; (b) the Haller index of 3.3; (c) the
Haller index of 5.2.
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Table 1. Patient distribution based on the Haller index
Pectus excavatum
Mild Moderate Severe
Number of patients 3 6 29
The mean Haller index 2.8 3.3 5.1
The standard deviation for the Haller index 0.4 0.1 1.8
Age Sternal rotation angle Haller index Correction index RVEF, inspiration RVEF, expiration
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Fig. 2. Correlation data for the study parameters. RVEF, right ventricular ejection fraction.

Table 2. Correlation between variables (the Haller index, sternal rotation angle) and the right ventricle ejection fraction on inspiration and
expiration

Right ventricular ejection fraction

Variable Correction index — —
Inspiration Expiration
Sternal rotation angle R=0.19 R=0.18 R=0
P =10.255 P =0.306 P=0.99
Haller index R=0.7 R=-0.05 R=-0.04
P < 0.001 P=0.777 P=0.798

DAl https://doiorg/1017816/DD568087
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Fig. 3. Chest magnetic resonance imaging at the level of maximum deformity; (a) the correction index of 7%; (b) the correction index of 32%.
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Fig. 4. Correlation data for the Haller index and the correction index
(P<0.05).

An angle of >150° was considered significant for surgery
and was reported in 44.7% of the total number of patients
(Table 3). This position of the sternum required a unique
oblique positioning of the sternal plate. The plate was
positioned “toward” the acute sternal angle in preparation

for subsequent rotation. Consequently, the sternal plate was
transferred from the upper intercostal space on the right
to the lower intercostal space on the left by traversing the
apex of the deformity with sternal rotation when the acute
angle expanded to the right (Fig. 6a). This occurred in 86%
of all sternal rotation cases. In the case of the acute angle
expanded to the left (14% of all cases), the sternal plate
was accessed from the lower intercostal space on the right,
through the apex of the deformity to the higher intercostal
space on the left (Fig. 6b).

DISCUSSION

Conventionally, CT has been widely employed for
diagnosing PE and evaluating diverse parameters due to
its accessibility [11]. Radiation exposure is a clear limitation
of chest CT; consequently, scanning protocols have been
altered in recent years to mitigate this concern [12].

MRI is less frequently used to diagnose PE and is more
time-consuming. However, it has the advantage of not
exposing the patient to radiation and enables evaluation of
compressive changes in the heart.

Fig. 5. Chest magnetic resonance imaging at the level of maximum deformity; (a) the sternal angle rotation of 14.3°; (b) the sternal angle

rotation of 31.1°.
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Table 3. Patient distribution based on the sternal rotation angle

Sternal rotation angle <15°

Number of patients 21

The mean angle 10°

Sternal rotation angle >15°

Number of patients 17

The mean angle 26°

Several different indices are described in the literature
to evaluate PE. The Haller index is one of the most used
indices to identify patients requiring surgical treatment of the
deformity. The threshold value for surgery is 3.25. However,
some studies have recently demonstrated potential problems
associated with the exclusive use of the Haller index for
surgical planning. For example, the Haller index does not
correlate with age, other parameters of surgical treatment,
or potential postoperative complications [13]. Furthermore, a
separate study of the Haller index revealed that 48% of the
Haller index numerical values for PE patients and controls
overlapped [9].

Such data indicates the need to standardize data and
devise additional preoperative and postoperative indices [9,
13, 14]. The correction index is one of these parameters;
surgery is indicated when it is >28%, provided it correlates
with the Haller index [15]. The correction index can also be
utilized to compare postoperative outcomes.

In our study, the Haller index, the correction index, and
the sternal rotation angle are consistent with the clinical

Vol.5 (2) 2024
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status of the patients and the previous studies on the
preoperative evaluation of chest wall deformities using CT
and MRI [16, 17].

The mean right ventricular ejection fraction in patients
with PE was decreased to 46% in our study. Such findings
align with research data reporting the diminished right
ventricular ejection fraction in patients with chest wall
deformities [18-20]. However, statistical analysis did not
reveal a correlation between the numerical values of the
Haller index and ejection fraction. This may be attributed to
the uneven distribution of patients based on the severity of
their deformity and requires further study.

Study Limitations

Our study is limited by its retrospective nature, a relatively
small patient sample size, an imbalanced distribution of
patients by progression of changes, and the absence of a
comparison with chest CT as the gold standard.

CONCLUSION

Our study revealed that MRI is a highly informative
diagnostic tool for PE that does not expose patients to
radiation and provides a comprehensive preoperative
assessment of abnormalities.

The Haller index and the correction index were found to
be correlated (P < 0.05).

Our study demonstrated the decreased right ventricular
ejection fractions in PE patients. Nevertheless, no correlation
was detected between this parameter and the Haller index,
and this may be attributed to the study limitations.

%

Fig. 6. Frontal chest X-ray following pectus excavatum treatment. Plates positioned if the angle opens: (a) right; (b) left.

DOl https://doiorg/10.17816/DD568087
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