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ORIGINAL ARTICLE / OZGUN ARASTIRMA

Evaluation of the internal thoracic artery blood flow before and after

Nuss operation: is it reversible?

Nuss ameliyat1 6ncesi ve sonrasi internal torasik arter akiminin degerlendirilmesi: geri

doniistimli midiir?

Pmar KURU-BEKTASOGLU, Nezih Onur ERMERAK, Canan CIMSIT, Cagatay CETINKAYA, Hincal OZBAKIR,

Nural BEKIROGLU, Tung LACIN, Mustafa YUKSEL

ABSTRACT

Objective: Obstruction of the internal thoracic arteries (ITAs) by
the Nuss bars in minimally invasive repair of pectus excavatum
(MIRPE) has been documented in the literature. In this study, we
aim to investigate the patency of ITAs before and after repair of the
pectus excavatum with the Nuss procedure, by using color Doppler
ultrasonography (US).

Materials and Methods: Nineteen patients who underwent
Nuss procedure were included in this study prospectively. Color
Doppler US examinations were performed for comparing ITA
patency after insertion of the Nuss bars and after their removal.
Patients were evaluated according to gender, age, symmetry of
deformity, Haller index, and the number of Nuss bars inserted.

Results: Nineteen patients operated with MIRPE (17 male and
2 females with a mean age 21.78+6.35) were enrolled in the study.
Eight patients (42.1%) with normal ITA blood flow preoperatively
had normal blood flow after removal of the bar. In preoperative
examination, 6 patients had bilateral (n=2) or unilateral (n=4)
obstruction of the ITA and 5 patients had bilateral (n=2) or
unilateral (n=3) abnormally disturbed flow. After the bar removal
only 2 (10%) of the affected patients (57.9 %) still had obstruction
whereas patent blood flow of the ITAs has been noted in 9 patients.

Conclusion: We have shown that after the Nuss bar removal,
only 10% of the ITAs are compromised.
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Amag: Pektus ekskavatumun, Nuss barlari ile minimal invaziv
onariminda internal torasik arter (ITA) tikanmasi literatiirde
bildirilmistir. Bu c¢alismada, ITA tikanikliginin, Nuss bar
takilmasindan ve ¢ikarilmasindan sonraki durumununun renkli
Doppler ultrasonografi ile degerlendirilmesi amaglanmustir.

Gerecler ve Yontemler: Nuss bar operasyonu uygulanan
19 hasta ¢alismaya prospektif olarak dahil edilmistir. Renkli
Doppler ultrasonografi ile Nuss bar takildiktan sonra ve Nuss bar
¢ikartildiktan sonra ITA akimi karsilagtirilmigtir. Hastalar cinsiyet,
yas, deformitenin simetrisi, Haller indeksi ve takilan bar sayisi
acisindan degerlendirilmistir.

Bulgular: Nuss bar operasyonu uygulanan 19 pektus
ekskavatumlu hasta (17 erkek, 2 kadin, ortalama yas: 21,78+6.35)
caligmaya alindi. Sekiz hastanin (%42,1) bar ¢ekimi Oncesi ve
sonrast ITA akimi normal olarak degerlendirildi. Bar ¢ekimi 6ncesi
muayenede 6 hastada cift tarafli (n=2), ya da tek tarafli (n=4)
ITA tikaniklig1, ve 5 hastada ¢ift tarafli (n=2), ya da tek tarafli
(n=3) ITA akim bozuklugu tespit edildi. Bar cekildikten sonra
etkilenen hastalardan (%57,9) sadece 2 hastada (%10) tikanma
devam etmekteydi. Dokuz hastada ITA kan akimi normal olarak
degerlendirildi.

Sonug: Bar cikartildiktan sonra, ITA’lerin sadece %10’unda
etkilenim devam etmekte idi.

Anahtar kelimeler: Pektus ckskavatum, Gogiis duvari
deformiteleri, Internal torasik arter, Pectus ekskavatumun minimal
invaziv onarimi, Doppler ultrasonografi

Introduction

Pectus excavatum (PE) is characterized by depression of
the sternum and costal cartilages (funnel-shaped chest wall)
[1]. PE is the most common chest wall deformity which
represents the 90% of all chest wall deformities and it has
0.1-0.8% incidence [2,3]. The classic surgical method for
correction of PE is the Ravitch sternochondroplasty [4,5].
Large incisions and scars limit this operation’s satisfactory
results. For more than 20 years, minimally invasive repair
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of pectus excavatum (MIRPE) has become a widely used
technique in the clinical settings [6, 7]. This technique,
which is first described in 1987 by Dr. Donald Nuss,
enables thoracic surgeons correcting these deformities with
small bilateral incisions for using a retrosternal shaped bar
inserted by a thoracoscope [8].

The internal thoracic artery (ITA) is located at medial
border of anterior scalene muscle at the root of neck and
descends into the thorax posterior to clavicle and first
costal cartilage [9]. Nuss bars are likely to compress ITAs
and affect the blood flow. This can result with diminished
flow or obstruction and could become important if patients
require coronary artery bypass grafting (CABQG) in later
years. Yuksel and his colleagues reported that ITAs are
compromised in 44% of patients after the Nuss procedure
[10]. Kiilcii and his colleagues also reported that ITA
patency was affected in 67% of the patients after removal
of the Nuss bars [11]. Multidetector computed tomography
(CT) is a widely used, reliable, non-invasive method for
evaluation of ITA anatomy, flow and patency [10]. The age
of the patient population, the need for frequent imaging in
follow up, and hence the side effects of radiation led to the
idea of using color Doppler ultrasonography (US) to assess
ITA blood flow. This study was performed to investigate
the patency of the ITAs on the long term period after Nuss
procedure and define the permanency of obstruction in ITAs
after the bar removal.

Materials and Methods
Patients

This prospective study was performed between January
2014 and November 2014 at Marmara University Hospital
with Local Ethics Committee approval and written informed
consents of the patients. Nineteen patients (17 male and 2
females with a mean age 21.78+6.35) operated with Nuss
procedure were included in the study. The detailed explanation
of surgical technique has been explained elsewhere [12-
15]. Patients younger than 16 years of age with a history of
thoracic surgery, and those with prominent costochondral
deformity and angulation preventing adequate ultrasound
examination (n=3) were excluded and not listed in the results
section. Preoperative evaluation consisted of respiratory
function tests, electrocardiography, postero-anterior and
lateral chest X-rays and complete blood count. Patients were
evaluated according to gender, age, symmetry of deformity,
Haller index, and the number of Nuss bars inserted.

Imaging

Doppler US examinations were performed for documenting
ITA patency before and after Nuss bar removal. Color
Doppler US examinations were performed using a linear 9-15
MHz multifrequency transducer (Logiq E9, GE Healthcare,
Milwaukee, USA) for documenting ITA patency after the
insertion of the bar and on the 10" postoperative day. Same
radiologist performed all color Doppler US examinations
after the procedure and postoperatively. Doppler signals
were obtained with supraclavicular approach followed
by intercostal approach. ITAs were identified as tubular
structures with color flow directed from base to apex.
Intraluminal flow signals were obtained using the color
Doppler method. The angle of the US beam was corrected
for the velocity measurements between 45-60 degrees to
ensure that the sampling volume was located within the
vessel lumen for as much of the cardiac cycle as possible.
Doppler measurements of the arterial lumen diameter, peak
systolic velocity, and flow characteristics were recorded
proximal and distal to the bar(s) bilaterally.

Patient groups

According to blood flow characteristics of the ITAs, patients
were grouped into two: Patients with normal blood flow
characteristics (triphasic or biphasic flow dominant during
systole, with low velocities during diastole) before and after
bar removal with no change in flow velocity formed the
unaffected group (Figure 1). Patients with monophasic low
flow rate or monophasic-dampened flow characteristics in
Doppler examination of ITA as well as patients where no
Doppler signal were seen formed the affected group (Figure
2).

Statistical analysis

All analyses were performed using Statistical Package for
the Social Science Program (SPSS) (IBM Corp. Released
2011. IBM SPSS Statistics for Windows, Version 20.0.
Armonk, NY: IBM Corp.). The characteristics of patients
were evaluated with descriptive statistics. Comparison of
the mean values was performed with paired samples chi-
square test and McNemar test. p values lower than 0.05
was accepted as statistically significant. While presenting
descriptive statistics, continuous data were presented as
mean + standard deviation (SD) and categorical data as
frequencies and percentages.
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Figure 1: A seventeen-year-old male patient with a single bar
insertion showing normal triphasic blood flow characteristics in
ITA
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Figure 2: A sixteen-year-old male patient showing monophasic-

dampened flow characteristics in ITA before the bar removal (a).

Note the change of flow characteristics to biphasic form after the
bar removal (b).

Results

Nineteen patients who had been operated with MIRPE
(17 male and 2 females with a mean age 21.78+6.35)
were evaluated prospectively. Patient characteristics were
summarized in Table I. The Haller index of the patients
were 3.86+1.25. A single bar was inserted in 12 patients and
two bars were required in 7 patients for the correction of
the deformity. The mean time interval for the duration of
the bar placement was 33.42 + 17.51 months (Range:11-82
months). There was no significant difference between
affected and unaffected groups regarding gender, age,
symmetry of deformity, Haller index, and the number of
Nuss bars inserted (p>0.05).

Eight patients (42.1%) with normal ITA blood flow
after the insertion of the bars had normal blood flow after
the removal of the bars (unaffected patients). ITA flow
was affected in 11 patients (57.9 %): In the examination
performed after the procedure, 6 patients had bilateral
(n=2) or unilateral (n=4) obstruction of ITA and 5 patients
bilaterally (n=2) or unilaterally (n=3) had abnormally
disturbed flow. After the bar removal only 2 (10%) of the
affected patients (57.9 %) still had obstruction findings (p=
0.004). Doppler findings were summarized in Table II. The
level of intercostal placement of the bars were determined
according to deformity arca. These two patients had their
bars in the 3 and 4™ intercostal spaces (ICS). One of
the patients was a 21 year-old female with asymmetric
deformity and the other one was a 21 year-old male with
symmetric deformity. An increase in the blood flow of the
ITAs has been noted in the rest of the affected group (n=9).

Discussion

Nuss operation is rather a safe and successful method
and has several advantages over classic open surgery
treatment of PE. However, some complications regarding
the Nuss procedure could be seen ( i.e. pneumothorax,
lung parenchymal laceration, bar displacement) [12, 16-
18]. According to recent reviews, the overall complication
rate of the Nuss procedure changes between 26-33% [19,
20]. In the long term, Nuss bars can apply chronic pressure
on ITAs because it lifts the sternum and neighboring
structures and this can result in obliteration of these arteries
[10]. Computed tomography angiography (CTA) showed
that blood flow was affected in 44% and severity ranged
from either unilateral or bilateral diminished blood flow
or complete obstruction in early postoperative period. It
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Table I. Characteristics of the patients and ITA status before and after the the bar removal
:::::; Age M/F  Deformity Iil:;lg l:::; Bar ICS ]:i:: Group
1 17 M Symmetric 225 30 1 R-4™ -3 305 Unaffected
2 26 M Symmetric 3.83 25 2 4" and 5 355+330 Affected
3 23 M Symmetric 3.36 11 1 4 305 Unaffected
4 39 M Asymmetric 3.14 33 2 34 and 4" 288+305 Unaffected
5 23 F Asymmetric 3 36 2 2M and 4 355+355 Unaffected
6 23 M Asymmetric 3.33 36 1 R-4™ -3 305 Unaffected
7 26 M | Symmetric 638 %5 |2 L R-4%L-3 3554355 | Affected
2.R-50 -4t
8 25 M Symmetric 3.04 38 1 R-5™ -4 355 Affected
9 15 M Symmetric 6.67 25 1 R-4™ -5 355 Unaffected
10 19 M Symmetric 4.5 11 1 4t 330 Unaffected
11 16 M Symmetric 2.46 36 2 34 and 4" 288+305 Affected
12 11 M Symmetric 4.75 36 1 4t 305 Affected
13 19 M Symmetric 2.89 25 1 R-4" -3¢ 305 Unaffected
14 18 M Symmetric 333 82 1 4t 330 Affected
15 21 F Asymmetric 3.33 40 1 31 330 Unaffected
16 31 M Asymmetric 5.05 72 2 3% and 4™ 305+330 Affected
17 25 M Symmetric 4.23 30 2 4™ and 5* 355+355 Unaffected
18 16 M Asymmetric 3.28 24 1 R-5™ -4 288 Affected
19 21 M Symmetric 4.17 20 1 4t 330 Affected
R: Right, L: Left
Table I1. Blood flow characteristics before and after bar removal
PATIENT
NO BEFORE BAR REMOVAL AFTER BAR REMOVAL
wave form PSV  S/D |wave form PSV  S/D
1 TRIPHASIC PATENT 97 5.2 | TRIPHASIC PATENT 101 53
2 MONOPHASIC OBSTRUCTED 37 3.1 |BIPHASIC PATENT 65 32
3 TRIPHASIC PATENT 67 4.1 | TRIPHASIC PATENT 67 3.7
4 BIPHASIC PATENT 75 4.8 | BIPHASIC PATENT 84 43
5 MONOPHASIC-DAMPENED  OBSTRUCTED 50 MONOPHASIC-DAMPENED OBSTRUCTED 23
6 BIPHASIC PATENT 80 3.6 | BIPHASIC PATENT 92 32
7 NO FLOW OBSTRUCTED BIPHASIC PATENT 55 2
8 MONOPHASIC-DAMPENED  OBSTRUCTED 24 BIPHASIC PATENT 53 3.1
9 BIPHASIC PATENT 51 3.9 |BIPHASIC PATENT 53 3.9
10 BIPHASIC PATENT 48 2.9 | BIPHASIC PATENT 55 3.6
11 MONOPHASIC-DAMPENED  OBSTRUCTED 12 2.2 | BIPHASIC PATENT 50 3.1
12 MONOPHASIC ABNORMAL DISTURBED 30 2.2 | BIPHASIC PATENT 50 3.1
13 BIPHASIC PATENT 70 4.1 | BIPHASIC PATENT 65 42
14 MONOPHASIC ABNORMAL DISTURBED 44 2.4 | BIPHASIC PATENT 77 3.2
15 NO FLOW OBSTRUCTED NO FLOW OBSTRUCTED
16 MONOPHASIC ABNORMAL DISTURBED 15 2.1 |BIPHASIC PATENT 67 3.9
17 BIPHASIC PATENT 40 3.6 | BIPHASIC PATENT 42 41
18 MONOPHASIC ABNORMAL DISTURBED 20 3.7 | BIPHASIC PATENT 58 38
19 MONOPHASIC ABNORMAL DISTURBED 59 1.2 | BIPHASIC PATENT 110 44

PSV: peak systolic velocity, S/D ratio: systolic velocity / diastolic velocity
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has also been reported that erosion of the ITA due to the
Nuss bar can cause delayed acute bleeding after 4 months
[21]. None of our patients had this kind of complications
during the bar(s) presence (11-82 months). ITA has clinical
importance in CABG. Patients with Nuss procedure history
should be evaluated for ITA patency before CABG.

Mechanical compression has been suggested as the
main factor for ITA distortion [6, 10, 21-23]. Kiilcii and
his colleagues have suggested that the preoperative sternal
angle absorbs the highest retrosternal pressure and makes
it possible to designate the lower sternal half [11]. They
reported that 67% of the patients had unilateral obstruction
or highly decreased flow pattern of the ITAs. In their study,
despite an asymmetrical character in two of their patients,
both ITAs were unaffected in PE patients. Low placement
of the bar could explain this because of the decreased
diameter of ITAs. ITAs bifurcate after the fifth or sixth
intercostal space (ICS) and for CABG purpose ITAs are
usually ligated at this point. It has also been suggested that
Nuss bar placement lower than the fourth ICS should not
endanger ITA usability by retaining sufficient ITA length. In
our cases, the bars were placed in the 3 and 4" ICS in two
of the patients who had permanent obstruction.

Doppler US is a well- established noninvasive method
for ITA patency evaluation [24]. To our knowledge, this
study is the first to evaluate ITA patency with Doppler
US in PE patients who are evaluated before and after the
bar removal. In contrast to CTA, Doppler US is radiation
free. Therefore, imaging of the young subjects increases
the likelihood of potential use of Doppler US in patients
with PE inorder to decrease radiation exposure. The only
challenge during the examinations was to overcome striking
chest deformities when placing the probe to trace ITAs.
Doppler US could not be performed in three patients with
huge deformities, who were not included in the results and
this was the major limitation of our study. Secondly, CTA
was not performed in these patients as it is the gold standard
for ITA evaluation. Kiilcii and his colleagues had a similar
study and performed CTA for evaluation of ITA patency
after removal of the Nuss bars [11]. Our findings were not
in line with their results. Their initial report was based on
six patients which was a small sample size. ITA patency
and future usability in CABG is still under debate and the
patency of ITA after the bar removal is not concluded yet.
We suggest that larger number of PE patients should be
searched by using the most suitable imaging modality for
the evaluation of ITA patency after the bar removal. Another

limitation was that none of our patients were examined
before the bar placement in terms of ITA patency by either
CTA or Doppler US assuming ITAs were all patent.

In conclusion, after the bar removal, only 10% of the
ITAs are totally obstructed unilaterally. Color Doppler
US is a safe method to evaluate ITA patency in clinical
settings which allows repeated measurements without the
risk of radiation exposure. Long term consequences has
to be followed with larger patient groups in different time
intervals.
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