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Abstract

Redo sternotomy in pediatric patients can be complicated due to the unsuitability of
many arterial cannulation sites for the pediatric population. Innominate artery can-
nulation provides a safe and easily reproducible alternative and prevents many of the
disadvantages seen in femoral and axillary artery cannulation. Its use in pediatric
cardiac surgery has seen a rise [1]. Herein, we describe the technique for innominate
artery cannulation in pediatric patients undergoing redo sternotomy and review our
experience with the technique.
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1. Introduction

Pediatric patients with complex congenital heart disease may require redo sternotomy.
Surgical access can be challenging, time-consuming, and associated with the risk of
major bleeding due to tissue scarring and adhesions between the heart and other struc-
tures in the mediastinum. A well-thought out preoperative plan can reduce the inci-
dence of these injuries [2]. Particularly important to this surgery is the minimization of
arterial and neurological complications [3]. A variety of cannulation sites are used to
achieve this but are not always easily accessible or reliable. The ascending aorta is the
standard cannulation site. Axillary artery cannulation requires additional time as well
as presenting the risk of brachial plexus damage, seromas, and limb ischemias [4]. Due
to small vessel size, femoral cannulation is unsuitable for infants under 15 kg and, for

larger patients, can result in hematomas, seromas, neuropathies, limb ischemia, and li-
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mited mobility [5]. Thus, there is a need to develop a safe approach to achieving rou-
tine arterial access in pediatric patients undergoing redo sternotomy. Innominate artery
cannulation during redo sternotomy, first introduced by Asou et al, has seen an in-
crease in its use for patients with congenital heart defects [6]. Potential benefits include
avoidance of cannulating the ascending aorta which is often adhered to the sternum
and prevention of a second incision. Herein, we describe the technique and our results
of innominate artery cannulation in pediatric patients undergoing redo sternotomy.
Institutional Review Board approval was granted in August 2015 for this retrospective
review of all patients undergoing innominate artery cannulation during reentry ster-

notomy for congenital heart disease.

2. Description of Technique

A preoperative chest X-ray or angiogram is reviewed to determine the relationship of
the aorta to the posterior sternum. Based on the lateral film, if the heart is adhered to
the sternum, the right common carotid or innominate artery is isolated prior to ster-
notomy. An arterial cannula size is chosen which best meets vessel size and flow re-
quirements. The innominate artery represents an equivalent caliber vessel for aortic
cannulation and often the arterial cannula does not need to be downsized.

The chest is entered through the previous sternotomy incision. The incision is ex-
tended to the medial aspect of the right sternocleidomastoid muscle, and the common
carotid artery or innominate artery is isolated. The innominate artery is dissected until
its bifurcation is identified. A tourniquet is placed loosely around the origin of the in-
nominate artery. The remaining brachiocephalic vessels are isolated. A purse string su-
ture is placed at the site chosen for cannulation on the innominate artery. After hepari-
nization, an 11 blade is used to make an arteriotomy at the chosen cannulation site. The
arterial cannula is introduced into the innominate artery and advanced towards the
aorta. The tourniquet is tightened and a tie is used to secure the cannula to the tourni-
quet. The arterial cannula is de-aired and connected to the arterial line of the cardi-
opulmonary bypass (CPB) circuit. Arterial pulsatility is confirmed on the CPB circuit to
ensure proper lumen placement of the cannula. After a venous cannula is inserted and
an adequate activated clotting time (>480 seconds) is achieved, CPB may be initiated.

Direct cannulation is done without use of a polytetrafluoroethylene graft.

3. Results

From August 2009 to December 2015, eight patients underwent innominate artery
cannulation during a redo cardiac surgery, five of which underwent their second me-
dian sternotomy, two their third, and one their fourth. As seen in Table 1, patients un-
derwent redo sternotomy for a variety of congenital heart procedures for which inno-
minate artery cannulation for CPB was necessary. The mean CPB time was 118 minutes
and mean cross-clamp time was 30.5 minutes. Deep hypothermic circulatory arrest was
used in three patients. Required flows during bypass were easily achieved and no mor-

tality or change in clinical neurological status was observed (Table 2).
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Table 1. Operative data describing re-do surgery procedures done. ASD: atrial septal defect; CHB: complete heart block; HLHS: hypop-
lastic left heart syndrome; L-T'GA: levo-transposition of great arteries; MPA: main pulmonary artery; PA: pulmonary artery; PAB: pul-
monary artery banding; PDA: patent ductus arteriosus; PPM: pacemaker; PVR: pulmonary vascular resistance; RPA: right pulmonary
artery; RV: right ventricle; RVOT: right ventricular outflow tract; VSD: ventricular septal defect.

Patient Age Diagnosis Operation

1 3 yrs. Stenosis of RVOT/MPA/RPA Patch augmentation of RVOT/MPA/RPA

Reconstruction of pulmonary arteries

2 4.5 yrs. Stenosis of aorta and branch pulmonary arteries and augmentation of ascending aorta/arch
3 7.5 yrs. Stenosis of RV to PA conduit/residual VSD Replacement of RV to PA conduit and closure of residual VSD
4 5 yrs. RVOTO Augmentation of RVOT wit}.l division of
RV muscle bundles, augmentation MPA, PVR

5 8 mo. Stenosis of MPA/Branch PA’s and ASD Augmentation of MPA/Branch PA’s and closure of ASD
6 8 mo. Variant of HLHS-S/P Bilateral PAB and stenting of PDA Norwood procedure w/central shunt
7 1yr. HLHS-S/P hybrid procedure Norwood procedure/Bidirectional Glenn
8 2.5 yrs. Aortic insufficiency Aortic valve repair

3.5 yrs. Aortic insufficiency Ross procedure

4.5 yrs. Aortic insufficiency Aortic valve repair

Table 2. Flows achieved and neurologic status. BSA: body surface area.

P wagGp s AEEE N e ster sy
1 10.5 0.54 12 1350 2.6 Unchanged
2 5.9 0.32 10 840 2.62 Unchanged
3 24 0.91 14 2400 2.64 Unchanged
4 19.6 0.78 14 2000 2.56 Unchanged
5 53 0.29 10 950 3.27 Unchanged
6 5.2 0.28 8 910 3.25 Unchanged
7 10 0.46 10 1330 2.89 Unchanged
8 (1) 14.3 0.61 14 1930 3.16 Unchanged
8(2) 15.4 0.68 12 1660 2.44 Unchanged
8(3) 17.7 0.74 14 1920 2.59 Unchanged
Mean + SD 12.8 £6.2 0.56 +£0.21 11.8 2.1 1463 + 580 2.8+0.30

4. Discussion

While there are a number of sites that can be utilized for arterial cannulation, many of
these may be inappropriate for small pediatric patients. The innominate artery has in-
creased in popularity as a cannulation site [7] [8]. The safety and efficacy of innominate
artery cannulation was demonstrated by Nasirov et al in a retrospective review of 42
pediatric patients undergoing aortic arch surgery [1]. There were no operative mortali-
ties or evidence of clinical neurologic injury. Redo sternotomy in cardiac surgery car-

ries a substantial amount of risk in pediatric patients and can be associated with cata-
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strophic injuries to mediastinal structures. Preoperative planning, including arterial
cannulation access for CPB, is essential for the reduction of morbidity and mortality.
We have found that innominate artery cannulation offers a safe and effective method
for arterial cannulation in patients undergoing redo sternotomy. Our clinical expe-
rience with 8 patients demonstrated that adequate flow was achieved and no neurologic
status change was found post-surgery. To our knowledge, no one has demonstrated the
success of innominate artery cannulation in the variety of congenital heart disease pro-
cedures seen here. Innominate artery cannulation prevented the need for a second inci-
sion and avoided the possibility of neuropathic injuries or limb ischemia seen with fe-
moral and axillary artery cannulation. Redo sternotomy may be complicated during
entrance into the mediastinum due to adherence of structures to the posterior sternum
following the first surgery. Innominate artery cannulation may be difficult with highly
tortuous vessels [4]. In larger patients and in the adults, the axillary artery serves as a
viable arterial cannulation site as an alternative to the innominate artery but cannot be

used in smaller pediatric patients [9] [10].

5. Conclusion

Statistical analysis is limited with our sample size and a broader review with greater sta-
tistical power is needed. A comparison of complications between cannulation sites and
a more thorough work-up of neurological status would provide the next steps to deter-
mine the long-term outcomes of this technique. However, the results from this study
demonstrate the innominate artery as a simple and reproducible access option for can-

nulation in the high risk population of pediatric patients requiring redo sternotomy.
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