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ARTICLE INFO ABSTRACT

Keywords: The Nuss procedure for pectus excavatum repair in patients with history of sternotomies is
Thoracoscopy technically challenging with the potential for serious complications including cardiac injury,
Nuss which has been reported in 7% of cases. A pre-emptive redo sternotomy to free the mediastinum
Post sternotomy of adhesions and permit safe, unobstructed bar passage may mitigate this risk. Forced sternal

Pectus excavatum elevation with sternal wires and the Rultract retractor creates additional space to achieve this. We

advocate that this hybrid approach be standard of care to minimize intraoperative risks for this
cohort of patients.

1. Introduction

The thoracoscopic Nuss procedure for repair of pectus excavatum (PE) after a previous sternotomy can be one of the most tech-
nically challenging and high-risk pectus repair procedures with the proximity of critical structures. Pectus surgery may occur several
years following congenital heart surgery, with a different surgeon, who may not have access to prior records or be familiar with the
chest closure technique or knowledge as to whether pericardium was closed, antiadhesives utilized, or a barrier placed. The incidence
of acquired PE after congenital cardiac surgery has been reported as 0.53% [1]. Pediatric patients with congenital heart defects (CHD)
often undergo multiple sternotomies that may contribute to an acquired PE that worsens with adolescent growth. The infrequency of
these cases adds to the challenge for surgeons.

2. Case report and technique

Two patients at our institution underwent a modified minimally invasive Nuss procedure for PE following sternotomies for CHD in
childhood. To maximize patient safety, we approached these cases with a planned redo sternotomy and cardiopulmonary bypass on
standby. The first patient, with a medical history of Williams Syndrome, presented at 18 years old with two prior sternotomies and a
left posterolateral thoracotomy for repair of long segment coarctation of the aorta. Pectus repair was recommended for significant
cardiac compression (Fig. 1A) with increased right ventricle systolic pressures and decreased exercise capacity. The second patient
presented at 14 years old with three prior sternotomies for subaortic stenosis resection over a period of 10 years. Repair was rec-
ommended for lack of endurance and exercise intolerance from cardiac compression (Fig. 1B).

A pre-emptive re-sternotomy was performed with careful dissection to free the right heart with opening and removal of wires.
Adhesions in the mediastinum and to the lungs bilaterally were taken down. Once completely freed, a bovine pericardial patch

* Corresponding author. Phoenix Children’s Hospital, 1919 E Thomas Road, Phoenix, AZ, 85016, USA.
E-mail addresses: klai@phoenixchildrens.com (K. Lai), Imcmahon@phoenixchildrens.com (L.E. McMahon).

https://doi.org/10.1016/j.epsc.2022.102278

Received 4 April 2022; Accepted 9 April 2022

Available online 11 April 2022

2213-5766/© 2022 The Authors. Published by Elsevier Inc. This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).


mailto:klai@phoenixchildrens.com
mailto:lmcmahon@phoenixchildrens.com
www.sciencedirect.com/science/journal/22135766
https://www.elsevier.com/locate/epsc
https://doi.org/10.1016/j.epsc.2022.102278
https://doi.org/10.1016/j.epsc.2022.102278
http://crossmark.crossref.org/dialog/?doi=10.1016/j.epsc.2022.102278&domain=pdf
https://doi.org/10.1016/j.epsc.2022.102278
http://creativecommons.org/licenses/by-nc-nd/4.0/

K. Lai et al. Journal of Pediatric Surgery Case Reports 81 (2022) 102278

(PhotoFix; CryoLife, Kennesaw, GA) was secured over the heart to create a barrier between the heart and the Nuss bars; two 6 x 8cm
patches were sewn together with 4-0 Prolene. Prior to sternotomy closure, sternal osteotomies were performed with the sternal saw to
angle the sternal edges to decrease the bevel (Fig. 2) and ensure approximation at the correct angle once the excavatum and sternum
were elevated [2]. The sternotomy was closed in the usual fashion with wires, leaving 2 in the center uncut, to connect to the Rultract
(Rultract, Cleveland, OH) retractor (Fig. 3). Subsequently, the Nuss procedure proceeded in the usual fashion with direct thoracoscopic
visualization of insertion and passing of the bars across the mediastinum. The bars were secured with #5 Fiberwire [3] and bilateral
chest tubes placed at the end of the procedure. Both patients received intercostal cryoablation for analgesia. One patient also had
bilateral subcutaneous elastomeric pump infusion catheters (On-Q Pain Relief System; Avanos, Irvine, CA).

The patients were discharged on postoperative days 5 and 10 respectively. Neither required return to the operating room for bar
migration or postoperative bleeding. In addition to cryoablation, postoperative analgesia was achieved with multimodal methods
including patient-controlled analgesia, and oral analgesia, without significant challenges in pain control.

3. Discussion

Modifications to the standard thoracoscopic minimally invasive Nuss procedure have been described to accomplish PE repair safely
after previous cardiac surgery. Techniques include a subxiphoid incision to facilitate blunt and sharp mediastinal dissection and sternal
suspension with submuscular/subcutaneous bars [4-6]. In 2017, the Chest Wall International Group (CWIG) reported the experiences
and techniques of 75 patients from 14 centers, with only a minority (7 patients) undergoing an elective sternotomy as part of their
procedure. Five patients (7%) required a rescue sternotomy for cardiac injury with no ensuing deaths [7]. Although not included in this
patient cohort, there is one reported death from right atrial perforation that occurred with mediastinal dissection through a subxiphoid
incision during attempted pectus repair [8].

The risk of potential cardiac injury is significant during the Nuss procedure after a prior sternotomy [7]. This approach with
planned redo sternotomy, takedown of mediastinal adhesions, followed by closure with a bovine pericardial patch increases safety and
minimizes the need for rescue sternotomy and significant blood loss. At our institution, we changed the approach to pre-emptive
median sternotomies to improve patient safety. This decision was made following a challenging thoracoscopic Nuss repair in a
post-sternotomy patient with ventricular septal defect repair as an infant. Lysis of adhesions to free the pericardium from the sternum
was performed under right thoracoscopic visualization. Even with sternal lift provided by the Rultract retractor, the working space was
limited due to the PE defect and adhesions of the right heart to the sternum. While we were able to safely dissect the heart free and cross
the mediastinum, we realized the significantly high risk of the procedure and moved towards ways to improve safety in future cases.

In the comprehensive experience described by the CWIG [7], 5 rescue sternotomies were performed during the Nuss procedure in
patients with a history of sternotomies. In 4 cases, the cardiac injury occurred during mediastinal dissection due to adhesions from the
right heart, usually the atrium. The remaining case was a right atrial laceration during blunt dissection. The pre-emptive sternotomy
with lysis of adhesions addresses this challenge directly. Additionally, it allows quick access for control of bleeding and cardiopul-
monary bypass initiation in case of injury during lysis of adhesions, compared to only using thoracoscopic blunt dissection of the
mediastinum. Furthermore, our technique used sternal closure wires to achieve good sternal lift with the Rultract device. The addi-
tional space provides safe passage of the bars across the mediastinum and with direct thoracoscopic visualization during this process,
there is no blind portion of the procedure.

Acknowledging adhesions that occur post-sternotomy, the pericardial patch is placed as an additional barrier between the heart
and sternum to facilitate safe bar removal in the future. At this time, the two patients described have not presented for bar removal. In
the CWIG patient series, 1/73 patients who underwent bar removal experienced bleeding from a cardiac laceration [7]. This patient
had a history of a Mustard procedure for transposition in which the pericardium was not closed, but it is not stated if a pericardial patch
was placed.

The inherent risks and challenges of a Nuss repair post-sternotomy have led some to advocate for the Ravitch procedure. A pre-
emptive sternotomy and pericardial closure with a patch, as described with our technique, mitigates these issues, allowing for safe
performance of a thoracoscopic Nuss procedure with preservation of the cartilage structure and flexibility of the anterior chest wall.

In the subset of patients with acquired PE following sternotomies for CHD, the potential for serious intraoperative complications
during minimally invasive Nuss repair is significant. A hybrid approach with a pre-emptive sternotomy to free the mediastinum and

Fig. 1. Cross-sectional imaging demonstrating cardiac compression of patients 1 (A) and 2 (B).



K. Lai et al. Journal of Pediatric Surgery Case Reports 81 (2022) 102278

Fig. 3. Rultract retractor system providing sternal lift using uncut sternal wires.

permit safe, unobstructed passage of the bar is key to preventing cardiac injuries. We advocate that this become the standard of care for
patients undergoing a Nuss procedure after previous sternotomy.
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