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Abstract: Aim: To compare the efficacy of right axillary straight incision with laryngeal mask airway (LMA) and me-
dian sternotomy incision with tracheal intubation in treating children with congenital heart disease. Methods: Chil-
dren with congenital heart disease were followed up for 1-3 years after surgery. There were 32 children using right
axillary straight incision with LMA (minimally invasive group) and 36 children using median sternotomy incision with
tracheal intubation (routine group). Surgical indicators and airway complications were compared. Results: No sig-
nificant difference was found in preoperative indicators between groups (P > 0.05). The mean operating time, mean
cardiopulmonary bypass time and mean aortic cross-clamp time were without significant difference (P > 0.05). The
mean postoperative hospital stay time (P < 0.001), mean ICU stay time (P < 0.001), mean postoperative drainage
(P = 0.0067), mean infusion amount of red blood cells (P < 0.001) and mean ventilation time (P < 0.001) were
significantly lower in minimally invasive group than that in routine group. Airway complications caused by LMA was
significantly lower (P < 0.001). In routine group, there were 5 cases of pigeon chest and 1 case of pectus excava-
tum. The scars were with ugly appearance. In minimally invasive group, chest deformity was not occurred and scars
were with better appearance. Conclusions: Right axillary straight incision with LMA has less trauma and less airway
complications. It should be promoted in children with congenital heart disease.

Keywords: Right axillary straight incision, laryngeal mask airway, median sternotomy incision, tracheal intubation,
congenital heart disease

Introduction used in patients with congenital heart disease,
especially paediatric patients [7-9]. Right axil-
lary straight incision is a minimally invasive
technique. The scar caused by this method is
hidden in the armpit without affecting the visual
appearance. Previous studies have showed
that deformity development, such as asymmet-
ric development of the chest or breast, was not

occurred by right axillary incision [10]. Also, it is

Common treatment for patients with congenital
heart disease is median sternotomy incision
with tracheal intubation, which has been re-
garded as the gold standard for the treatment
of congenital heart disease [1, 2]. But sternal
malunion or deformity is often occurred along
with this method [3], which may result in nega-

tive physiological impact on patients, especially
on children with congenital heart disease [4, 5].
In addition, tracheal intubation is difficult to be
performed and if an unsuccessful intubation
(such as nasal mucosal bleeding) is not rec-
ognized, further airway complications would be
occurred [6]. More importantly, the occurrence
of airway complications will have negative im-
pact on patients’ recovery.

Over the past few decades, minimally invasive
cardiac surgery techniques have been widely

worth noting that laryngeal mask airway (LMA),
which is easy to perform even by an inexperi-
enced clinicians, can effectively reduce the risk
of airway complications [11], while it has not
been widely used in pediatric patients [2].

So in this research, right axillary straight inci-
sion with LMA was used for the treatment of
pediatric patients with congenital heart dis-
ease, with median sternotomy incision with tra-
cheal intubation as the control treatment meth-
od. The clinical results of these two methods
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Figure 1. Surgical procedures of right axillary straight incision with LMA. A:
The length and position of the skin incision. The midpoint of the incision
was the intersection of the right nipple and the axillary midline. The inci-
sion length was 4-5 cm. B: The view of cardiopulmonary bypass. Ascending
aortic cannulation, superior vena cava cannulation and inferior vena cava
cannulation were performed to establish cardiopulmonary bypass. C: The
photo of postoperative. Chest drainage tube was placed through the seventh
intercostals in the right axillary midline. D: The photo of the patient chest
one week after surgery. The incision scar was hidded below the right armpit.

Asymmetry of the chest or breast was not occurred.

were compared to evaluate their efficacy. It was
the first time that right axillary straight incision
with LMA was applied in paediatric patients
with congenital heart disease. It will provide an
important guiding significance for the treat-
ment of congenital heart disease in children.

Materials and methods
Patients

Inclusion criteria: Patients meeting the follow-
ing criteria were included in the study: atrial
septal defect (ASD) (type | membranous or peri-
membranous ventricular septal defect (VSD);
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partial endocardial cushion
defect (PECD); three-chamber
heart; intracardiac total ano-
malous pulmonary venous dr-
ainage; body weight: 7-35 kg;
patients who were not suit-
able for interventional closure
according to cardiac color ul-
trasound or cardiac catheteri-
zation.

Exclusion criteria: Patients wi-
th the following complications
were excluded: respiratory-tra-
ct infection; right thorax defor-
mity; right pleura with severe
adhesion due to right thoracic
surgery or trauma history; pul-
monary artery systolic pres-
sure = 70 mmHg; subarterial
or muscular VSD; supracristal
or intracristal VSD; complex
congenital heart disease; bo-
dy weight < 7 kg or > 35 kg;
serious deformity in mouth,
pharynx and respiratory-tract.

Ultimately, 68 children with
congenital heart disease (38
were male and 30 were fe-
male; age range: 7 months-12
years old; weight range: 7-35
kg) were enrolled in this retro-
spective study and they were
divided into two groups ac-
cording to the surgical meth-
ods. The 32 patients (11 ca-
ses of ASD, 17 cases of VSD,
3 cases of PECD and 1 case
of three-chamber heart) who
underwent right axillary straight incision with
LMA were named as minimally invasive group.
The remaining 36 patients (9 cases of ASD, 23
cases of VSD, 4 cases of PECD) were treated by
median sternotomy incision with tracheal intu-
bation and they were designated as routine
group. Patients in minimally invasive group we-
re collected from October 2012 to May 2015
and routine group patients were collected from
January 2010 to May 2015.

This study was approved by our hospital ethics
committee and informed consent was obtained
from patients and their families.
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Table 1. Comparison of preoperative data of minimally invasive

group and routine group (%, mean * sd)

Myocardial protection was
performed by perfusion blood

cardioplegia from the aortic

S Minimally Routine
Clinical indicators invasive group group P value ;oe?(te_CtC\IAcl);;J rgc :;mthltiaShsezptsl
Age (years) 29+09 28+0.7 06087 1o P oy
) utilizing a patch of bovine
Body weight (kg) 10.9+4.3 95+3.6 0.1488 pericardium after a r|ght atri-
NYHA 1.1+£0.2 1.1+03 >0.05

Left ventricular ejection fraction (%) 63.2+6.4
Cardiothoracic ratio

62.3+5.3 0.5282
0.60 £ 0.07 0.59+0.11 0.6608

otomy was performed. Cardi-
opulmonary bypass was en-
ded after the right atrium in-

NYHA: classification of cardiac function.

Methods

Anesthetic technique: After propofol intrave-
nous induction (1-2 mg/kg), intravenous inhala-
tion combined general anesthesia (sevoflurane
combined with propofol) was performed during
the entire surgical procedure. The same anes-
thetic technique was used by all patients. The
LMA was used in minimally invasive group and
nasal tracheal intubation was used in routine

group.

Surgical methods: For minimally invasive group,
patients were placed in the left lateral decubi-
tus position after the induction of general anes-
thesia. The left armpit was raised to expand the
right intercostal space, and the right arm was
suspended over the head with a 90° bend
between forearm and upper arm. The incision
was started from the intersection of the right
nipple and the axillary midline with a length of
4-5 cm (Figure 1A). Then the right thoracic
cavity was accessed from the 4 th intercostal
space. Tissue scissors handle was used to tem-
porarily retract the right lung and thymus was
properly separated without resection. Then the
pericardium was opened longitudinally along
the space between the aorta and pulmonary
artery, and when the incision was reached to
the junction of the diaphragm, a transverse
incision was made. Then a “L” type incision
was presented. Pericardium around the aorta
was hanged with sling suture for about 4-5 nee-
dles. Ascending aortic cannulation, superior
vena cava cannulation and inferior vena cava
cannulation were performed to establish car-
diopulmonary bypass (Figure 1B). Right angle
cannula was used as the superior vena cava
cannula. It was also used as the inferior vena
cava cannula for patients with inferior vena
cava type ASD. Thus it was more easily to
expose the lower edge of the ASD. Single pur-
se-string suture was used for all cannulation.
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cision suture was completed.

Protamine and heparin were

injected through central ve-
nous and then pericardial longitudinal incision
was sutured. Chest drainage tube was placed
through the seventh intercostals in the right
axillary midline. At last, the right axillary straight
incision was closed layer by layer with the con-
ventional method (Figure 1C).

For routine group, the patients were placed in
the supine position and a median sternotomy
incision was made. The main surgical proce-
dures were similar to those used in the mini-
mally invasive group. A patch of bovine pericar-
dium was also used to closure the septal
defect. The difference was that mediastinal
drainage was used during postoperative drain-
age period.

Patients in both groups were followed up for
1-3 years after surgery.

Statistical analysis

All data were analyzed by SPSS 17.0. Measu-
rement data were expressed as mean * stan-
dard deviation (SD). Continuous variables were
analyzed by independent sample t-test. Count
data, which were recorded as percentage, were
compared by x3-test. P < 0.05 was considered
statistically significant.

Results

Demographic characteristics and preoperative
indicators

The demographic characteristics and preopera-
tive indicators of the two groups were detailed
in Table 1. There was no significant difference
in the mean age and the average weight be-
tween the two groups (P > 0.05). At the same
time, no significant difference was found in
NYHA, left ventricular ejection fraction and car-
diothoracic ratio between the two groups (P >
0.05).
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laryngeal edema and 1
cases of excessive tra-

Minimally Routine b cheal intubation insertion
invasive group group value depth. But no fetal com-

155.9+45.6 17654501 00825 Plication was occurred in
these two groups. During

Table 2. Comparison of postoperative data of minimally invasive group
and routine group (%, mean % sd)

Clinical indicators

Surgery time (min)

Cardiopulmonary bypass time (min) 54.9 + 30.9 69.1+28.0 0.0515 foll i »

Aortic cross-clamp time (min) 257+84  206+85 0.0619 fgr;’;"'ul‘;n”‘;ef;t'egtir;g -

Postoperative hospital stay (d) 6.1+1.84 79+1.66 <0.001 . .g y
] i complications (Table 3).

Postoperative drainage (mL/kg) 75+4.1 11.2+6.4 0.0067

Infusion amount of red blood cells (U) 0.8+0.6 1.8 +0.7 <0.001 Deformity development

Ventilation time (h) 22+11 48+21 <0.001 and wound healing

ICU stay (h)
ICU: Intensive Care Unit.

48.36 + 18.24 72.00 £ 23.84 < 0.001

During follow-up, asym-

Intraoperative and postoperative results

The intraoperative and postoperative results
in either group were listed in Table 2. The
differences in the mean operating time (P =
0.0825), mean cardiopulmonary bypass time
(P=0.0515) and mean aortic cross-clamp time
(P = 0.0619) between the two groups were not
significant. However, the mean postoperative
hospital stay time of patients in minimally inva-
sive group (6.1 £ 1.84 days) was significantly
shorter than that of routine group (7.9 + 1.66
days) (P < 0.001). Moreover, significantly short-
er mean ICU stay time was found in minimally
invasive group (48.36 + 18.24 h) when com-
pared to minimally invasive group (72.00 +
23.84 h) (P < 0.001). In addition, the mean
postoperative drainage (7.5 + 4.1 mL/kg vs.
11.2 £ 6.4 mL/kg, P = 0.0067), mean infusion
amount of red blood cells (0.8 £ 0.6 Uvs. 1.8 £
0.7 U, P < 0.001) and mean ventilation time
22+ 11 hvs. 48+ 21 h, P<0.001) were
also significantly lower in minimally invasive
group than that of routine group.

Incidence of airway complications

The incidence of airway complications was
significantly lower in minimally invasive group
(12.5%) than that of routine group (47.2%) (P =
0.002). In minimally invasive group, 4 patients
occurred airway complications, including 3
cases of heart rate fluctuations and 1 case of
nasal endotracheal tube balloon leakage, while
a total of 17 patients occurred airway complica-
tions in routine group, including 5 cases of
heart rate fluctuations, 2 cases of tracheal in-
tubation failure at the first time, 3 cases of air-
way mucosal bleeding, 2 cases of leakage phe-
nomenon, 3 cases of hoarse voice, 1 cases of
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metric development of

chest or breast was not
occurred in minimally invasive group (Figure
1D). The incision scar was hidden below the
right armpit without affecting the visual appear-
ance. However, long-term follow-up results also
showed that 5 cases were occurred pigeon
chest and 1 case was with pectus excavatum in
routine group. The scars were also with ugly
appearance. All wounds of patients in minimally
invasive group were healed well than that of
routine group.

Discussion

In this research, the efficacy of right axillary
straight incision with LMA and median sternot-
omy incision with tracheal intubation in treating
children with congenital heart disease were
compared. The results indicated that right axil-
lary straight incision with LMA was more condu-
cive to patients’ postoperative recovery with
much lower airway complications incidence.
Moreover, asymmetric development of chest or
breast was also not occurred by this method,
while 6 patients undergoing median sterno-
tomy incision with tracheal intubation were
occurred chest deformity, illustrating that right
axillary straight incision with LMA was more
conducive to the long-term development of
patients, especially pediatric patients. It was a
more secure and reliable method than median
sternotomy incision with tracheal intubation.

Median sternotomy, which can meet the de-
mand of a variety cardiac surgery, is considered
as the classic method of cardiac surgery [3,
12]. However, sternal bone scaffolds are
destroyed and the continuity of the thorax is
changed by this method, which will lead to form
pigeon chest or pectus excavatum after surgery
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Table 3. Incidence of adverse events of artificial airway (%)

Clinical indicators

Minimally invasive group
(number; rate/%)

Routine group
(number; rate/%)

Heart rate fluctuations

Tracheal intubation failure at the first time
Airway mucosal bleeding

Leakage phenomenon

Hoarse voice

Laryngeal edema

Excessive tracheal intubation insertion depth
Total rate of adverse event

3;9.38% 5; 13.89%
0; 0% 2;5.56%
0; 0% 3;8.33%

1;3.12% 2;5.56%
0; 0% 3;8.33%
0; 0% 1;2.78%
0; 0% 1;,2.78%
12.5% 47.2%

and further result in negative physiological
effects to patients, especially pediatric patients
[4, 5]. In addition, anterior mediastinal tissue is
severely damaged because the sternum is lon-
gitudinal incised, which will not only increase
the amount of intraoperative and postopera-
tive bleeding, but also affect the function of
thymus in children.

Right axillary straight incision, of which incision
is located in the axillary line, is not damage the
breast and pectoralis muscle. The integrity of
the thorax is maintained and the development
of breast and muscle tissue is not affected.
The satisfactory surgical field exposure is
achieved by appropriate pericardial suspen-
sion and the incision scar is hidden below the
right armpit without affecting the visual appear-
ance. Previous study also showed that patients
didn’t develop asymmetric development of the
chest or breast by right axillary straight incision
[10]. Our study results were consistent with
this result. In addition, surgical trauma may be
associated with postoperative pain and dis-
comfort. Right axillary straight incision greatly
reduces the trauma caused by surgery, which
helps to facilitate faster recovery of patients.
All of these advantages make this method a
preferred therapy for patients with congenital
heart disease, especially pediatric patients
and it provides a good access for a safe repair
of cardiac defects [13]. Patients with right axil-
lary straight incision will have a higher quality
of life after surgery [14]. It appears to be a safe
and effective alternative to median sternotomy
[15, 16].

The conventional artificial airway for congenital
heart disease surgery is tracheal intubation
[13]. However, the tissue mucosa of pediatric
patient is always delicate, and tracheal intuba-
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tion is more likely to cause tissue damage, even
glottic edema [6, 17]. These defects make it
more difficult to perform in pediatric patients.
The incidence of airway complications is al-
so very serious. The most common laryngeal
lesions are vocal cord paralysis, granuloma,
cartilage dislocation and hematoma. Tracheal
intubation has been unable to avoid these air-
way complications. However, LMA is easy to
operate and it can be quickly learnt by inexperi-
enced personnel [18, 19]. Those airway compli-
cations caused by tracheal intubation can be
effectively avoided by LMA. Significantly redu-
ced airway complications are also conducive to
patients’ postoperative rehabilitation. Our find-
ings also confirmed this viewpoint. It is more
secure and effective than tracheal intubation.
In this study, the minimally invasive artificial
airway was established by using the LMA, wh-
ich was the first time for children with congeni-
tal heart disease to use the LMA as the ventila-
tion strategy, which had important clinical sig-
nificance.

In conclusion, it is the first time for children with
congenital heart disease to use right axillary
straight incision with LMA, which is more safe
and reliable than median sternotomy incision
with tracheal intubation. The minimally invasive
incision is hidden below the armpit without
affecting the visual appearance. More impor-
tantly, it does not destroy the continuity of the
bony thorax and main muscles of the chest.
Complications caused by tracheal intubation
are also effectively avoided by using LMA,
which can help patients’ recovery as soon as
possible. In addition, this method is easy to
operate and does not require special equip-
ment and instruments, which should be popu-
larized clinically.
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