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Abstract: Re-entry into the chest after one or more previous operative interventions can result in prolonged dissection, blood 

loss, structural damage, and catastrophic injuries, resulting in MOF and even death. Previous implantation of mechanical 

circulatory assist devices may lead to development of dense adhesions and solid scar tissue. This is certainly true for cases 

involving previous placement of the total artificial heart (TAH). Implantation of this device is on the rise, as is it is the only 

viable options for patients with biventricular failure, as the number of heart transplantations is stagnant worldwide. With the 

new heart transplantation allocation system in the United States, more and more patients with an implanted TAH are waiting 

for cardiac transplantation. Therefore, patients having an implanted TAH presenting for transplantation are at risk for 

complications during sternal re-entry or for complications as a result of prolonged ischemic time due to extended times of 

mediastinal dissection. Thoughtful and preemptive preparation of the surgical field at the time of initial implantation of the 

TAH has not only the potential, but a proven track record of decreasing operative time, duration of mediastinal dissection as 

well as risks for complications and adverse events in patients with subsequent heart transplantation. In conclusion, the 

measures for TAH protection taken at the time of implantation allow for expeditious and safe redo sternotomy, efficient 

mediastinal dissection, rapid identification and exposure of structures necessary for initiation of cardiopulmonary bypass and 

finally and importantly expeditious device removal in order to avoid delay in donor organ implantation and prolonged ischemic 

time. 
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1. Introduction 

Re-entry into the chest after one or more previous 

operative interventions can result in prolonged dissection, 

blood loss, structural damage, and catastrophic injuries, 

resulting in MOF and even death [1]. Safe dissection of vital 

mediastinal structures is crucial for cannulation. Alternative 

and sometimes emergent cannulation techniques and 

initiation of cardiopulmonary bypass (CPB) may be required 

due to difficult and prolonged dissection [2]. Protracted 

duration of CPB, ensuing coagulopathy, as well as the 

potential for the need of additional surgical repair of 

structural injuries may lead to undesirable consequences such 

as prolonged operation, utilization of blood and plasma 

products, end-organ dysfunction, necessity for short-term 

mechanical circulatory support, prolonged ventilation, as 

well as extended ICU and hospital stay, and mortality. 

Previous implantation of mechanical circulatory assist 

devices especially may lead to development of dense 

adhesions and solid scar tissue. This is especially true for 

cases involving implantation of the total artificial heart 

(TAH). Implantation of this device is on the rise, as it is the 

only viable options in patients with biventricular failure. The 

number of heart transplantations is fairly stagnant worldwide. 

With the new heart transplantation allocation system in the 

United States, more and more patients with an implanted 

TAH are waiting for cardiac transplantation. Therefore, more 

patients presenting for transplantation having an implanted 

TAH are at risk for complications during sternal re-entry of 
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for complications as a result of prolonged ischemic time due 

to extended times of mediastinal dissection. Thoughtful and 

preemptive preparation of the surgical field at the time of 

initial implantation of the TAH has not only the potential, but 

a proven track record of decreasing operative time, duration 

of mediastinal dissection as well as risks for complications 

and adverse events in patients with subsequent heart 

transplantation [3]. Protective measures taken at the time of 

TAH implantation allow for expeditious and safe sternal re-

entry, efficient mediastinal dissection, rapid identification 

and exposure of structures necessary for initiation of 

cardiopulmonary bypass and finally and importantly 

expeditious device removal in order to avoid delay in donor 

organ implantation and prolonged ischemic time [2-4]. 

Surgical approaches for the safeguard of the TAH and 

internal organs have been published previously [3, 4]. Those 

and similar techniques are used successfully in the pediatric 

and adult population [5, 6]. A modified surgical strategy for 

preparation of mediastinal structures especially developed for 

the TAH at the time of device implantation is presented here. 

It does facilitate sternal re-entry, mediastinal dissection, 

explantation of the TAH and timely heart transplantation. 

2. Surgical Technique 

The operation begins with a median sternotomy performed 

in the routine fashion. Ascending aortic and bicaval 

cannulation is performed after administration of systemic 

heparin as usual. The heart is removed at the levels of both 

ventricles and the TAH implanted as described previously [7]. 

The protective measures to facilitate mediastinal re-entry at 

the time of transplantation is based on three concepts. First, 

the utilization of a Gore (polytetrafluoroethylene (PTFE)) 

pericardial tissue substitute (20 x 15 cm x0.1 mm, W. L. Gore 

& Associates, Flagstaff, AZ). Second, the use of blue 

polyisoprene bands (BBI; Bioseal, Placentia, CA), and third, 

the use of surgical grade silicone membrane (0.06 inches 

thick; Bentec Medical, Woodland, CA). Advanced 

preparation of the blue bands by standard sterilization 

packaging and gas sterilization (Sterrad 100S Sterilization 

System; Johnson and Johnson, Irvine, CA) is executed as 

described previously [8]. Before the TAH is positioned into 

the mediastinal cavity, a 0.1 mm thick PTFE sheet is sutured 

onto the medial aspect of the mediastinum. Prolene sutures 

are used to secure the PTFE sheet to the areas lateral to the 

left pulmonary vein. Subsequently, after implantation of the 

TAH as previously described [7] preparation for future 

device explantation at the time of transplantation begins 

before sternal closure. The blue bands are placed 

circumferentially and freely around aorta, and superior as 

well as inferior vena cava. Care is taken to cover the entire 

length of each vascular structure in order to prevent adhesion 

formation, therefore reducing the necessity for dissecting the 

structure during the subsequent explantation. These latex free 

bands minimize adhesion formation and therefore facilitate 

expeditious exposure and timely cannulation for 

cardiopulmonary bypass. The band around the superior vena 

cava can be trimmed a little narrower in order to reduce the 

risk of SVC stenosis. An additional advantage of these bands 

is their blue coloration, which aids in rapid identification of 

the vascular structure and again, subsequent dissection and 

cannulation. It is important however, that the placement of 

the blue bands around these vascular structures is not done in 

a tight manner. A few centimeters of excess of the free edges 

of the blue bands placed on top of the vascular structures. 

The edges are secured with medium metal clips (Autosuture 

Premium Surgiclip II M-9.75; US Surgical, Norwalk, CT). 

The upper part of the most cephalad blue band around the 

aorta is placed onto the innominate vein, thus reducing the 

risk of injury during subsequent re-entry. Additionally, a 

piece of the blue band can be positioned into the space 

between the aorta and the right atrium in order to keep these 

structures separated. Furthermore, in selected cases another 

band is used around the pulmonary artery. Alternatively, it 

can be placed behind its posterior wall in cases of a large and 

protruding left atrium. Right before sternal closure, 

additional Gore sheets (the same as used for covering the 

mediastinum) are utilized to cover the entire TAH device, the 

right atrium, aorta and both venae cava [3]. The edges of the 

various sheets are clipped together similarly as described for 

the blue bands. In order to prevent migration, the membrane 

covering the right atrium can be secured to the pericardium 

near the vena cava. Additional metal clips can be placed to 

secure these sheets to the blue bands if deemed appropriate. 

In several locations small slits are cut into the Gore 

membranes in order to facilitate drainage. Drainage tubing 

per surgeon’s preference is placed in a routine fashion and 

secured. A piece of 1 cm wide surgical silicone membrane is 

fashioned in the entire length of the sternum. After the sternal 

wire are placed, it is positioned anterior to the wires and 

posterior to the sternum. It is important to ensure that the 

membrane remains in its proper position behind the sternum 

and does not protrude in between the sternal edges during 

sternal closure. 

3. Discussion 

It is not uncommon that patients undergoing heart 

transplantation have had one or more previous operations. It 

is well established, that these interventions will lead to scar 

tissue formations, which may render subsequent operations 

more difficult, if not potentially live threatening. This holds 

especially true for operations after previous device 

implantations including the TAH [1, 2, 5, 9, 10, 11]. It is an 

established concept to prepare for heart transplantation at the 

time of mechanical circulatory device implantation [2, 3, 5, 

7]. 

Multiple surgical techniques have been introduced to 

facilitate sternal re-entry, especially after previous device 

implantations. These include pericardial closure, as well as 

multiple ways of covering mediastinal structures with various 

artificial membranes [5, 6, 12-18]. The described techniques 

have been successfully utilized in the adult and pediatric 

population, including in patients with previous device 
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implantations [3, 5, 6, 14, 19]. We have described integrated 

concepts of complete coverage and protection of previous 

placed devices and vital structures in order to facilitate safe 

sternal re-entry [3, 5, 10]. These concepts not only include 

mediastinal membrane coverage, but also utilize blue bands 

and the use of a retrosternal silastic membrane [3, 8]. 

Our technique has been used successfully for over 10 years 

in multiple institutions and over 200 patients. Preoperative or 

postoperative antibiotic prophylaxis was not changed. 

The first 50 patients who underwent this technique and 

subsequently transplanted were retrospectively reviewed [3]. 

For 43 patients, one year data were available. No cultures 

were performed in 23 of the 50 patients. Two of the 

remaining 27 patients grew Staphylococcus epidermidis. 

These were considered to be contaminations. Staphylococcus 

aureus from the LVAD pocket, as well as the driveline was 

cultured in one patient. Long-term antibiotic treatment was 

initiated in this patient. Another patient grew one colony of 

Mycobacterium kansasii from the TAH aortic conduit. This 

patient presented with previous aortic dissection and 

endocarditis. He also was treated with antibiotics. In none of 

the 50 patients was mediastinitis, infection-related 

complications or death found [3]. The combined utilization 

of silicone membranes, blue bands, and thin PTFE sheets 

allows for safe and expeditious redo sternotomy at the time 

of transplantation. The use of thicker (>0.1mm) PTFE sheets 

is known to be associated with scar tissue and adhesion 

formation. Blue bands are inexpensive and its color allows 

for easy and rapid identification of crucial vascular structures. 

Prevention of adhesion formation presents an additional 

benefit. Rapid access to the aorta, IVC, and SVC is 

facilitated by inserting umbilical tapes into the edge of the 

blue bands before their removal. Consequently, this 

technique aids in timely and easy cannulation for CPB, which 

in turn may lead to a reduction in patient’s operative 

mortality. The time required for sternal re-entry, mediastinal 

dissection, separation of the device from surrounding 

structures, establishment of CPB, and cardiectomy for 

subsequent HTX can be lowered. In contrast, our own 

observations and those of others indicate that sternal re-entry 

in patients with previous device implantations can be tedious 

and protracted [1, 9]. Even in patients designated for 

destination therapy, it is not uncommon to have reoperations 

for device exchanges or cross-over to transplantation. This 

technique lends itself quite favorable for these scenarios as 

well. Disadvantages of our technique are a slightly prolonged 

operative time, the additional cost and the fact that foreign 

material is left in the mediastinum. 

4. Conclusion 

In conclusion, the measures for TAH protection taken at 

the time of TAH implantation allow for expeditious and safe 

redo sternotomy, efficient mediastinal dissection, rapid 

identification and exposure of structures necessary for 

initiation of cardiopulmonary bypass and finally and 

importantly expeditious device removal in order to avoid 

delay in donor organ implantation and prolonged ischemic 

time. 

 

References 

[1] Dobell ARC, Jain AK. Catastrophic hemorrhage during redo 
sternotomy. Ann Thorac Surg 1984; 37: 273-8. 

[2] Khosbin E, Schueler S. Pre-transplant ventricular assist device 
explant. Ann Cardiothorac Surg 2018; 7 (1): 160-168. 

[3] Ihnken K, Ramzy D, Esmailian F, Trento A, Arabia F. Surgical 
technique to facilitate explantation of mechanical circulatory 
support devices: LVADs, BiVADs, and TAHs before heart 
transplantation. ASAIO Journal 2016; 62: 211-213. 

[4] Copeland Jm, Smith R, Arabia F, Nolan, P, Banchy M. The 
CardioWest total artificial heart as a bridge to transplantation. 
Sem Thorac Cardiovasc Surg 200012 (3): 238-242. 

[5] Copeland JG, Arabia FA, Smith RG, Covington D: 
Synthetic membrane neo-pericardium facilitates total 
artificial heart explantation. J Heart Lung Transplant 20: 
654–656, 2001. 

[6] Walther T, Rastan A, Daehnert I, Falk F, Jacobs S, Mohr F, 
Kostelka M. A novel adhesion barrier facilitates reoperations 
in complex congenital cardiac surgery. The J of Thorac and 
Cardiovac Surg 2005; 129 (2): 359-363. 

[7] Arabia F, Copeland J, Pavie A, Smith R. Implantation 
technique for the Cardio Wesr total artificial heart. Ann 
Thorac Surg 1999; 68: 698-704. 

[8] Jaroszewski D, Lackey J, Lanza L, DeValeria P, Arabia F. Use 
of an inexpensive blue band during ventricular assist device 
and total artificial heart placement facilitates. And expedites 
explantation during heart transplant. Ann Thorac Surg 2009; 
87: 1623-4. 

[9] Hamid U, Digney R, Soo L, Leung S, Graham A. Incidence 
and outcome of re-entry injury in redo cardiac surgery: 
benefits of preoperative planning. Eur J Cardiovasc Surg 2015; 
47: 819-823. 

[10] Arabia FA, Copeland JG, Larson DF, Smith RG, Cleavinger 
MR: Circulatory assist devices: applications for ventricular 
recovery or bridge to transplant, in: Gravlee PG, Davis FG, 
Utley JR (eds). Cardiopulmonary Bypass: Principles and 
Practice. Baltimore, MD: Williams & Wilkins, 1993, pp. 693–
712. 

[11] Cannata A, Petrella D, Russo C, Bruschi G, Fratto P, 
Gambacorta M, Martinelli L. Postsurgical intrapericardial 
adhesions: Mechanisms of formation and prevention. Ann 
Thorac Surg 2013; 95: 1818-26. 

[12] Rao V, Komeda M, Weisel R, Cohen G, Borger M, David T. 
Should the pericardium be closed routinely after heart 
operations? Ann Thorac Surg 1999; 67: 484-8. 

[13] Nkere U. Postoperative adhesion formation and the use of 
adhesion preventing techniques in cardiac and general surgery. 
ASAIO Journal 2000; 46: 654-6. 

[14] Minale C, Nikol S, Hollweg G, et al. Clinical experience with 
expand polytetrafluoroethylene Gore-Tex surgical membrane 
for pericardial closure: a study of 110 cases. J Card Surg 1988; 
3: 193-201. 



 International Journal of Cardiovascular and Thoracic Surgery 2021; 7(5): 55-58 58 

 

[15] Iliopoulos J, Cornwall G, Evans R, Manganas C, Thomas K, 
Newman D, Walsh W. Evaluation of a bioabsorbable 
polylactide film in a large animal model for the reduction of 
retrosternal adhesions. J of Surgical Research 2003; 118: 144-
153. 

[16] Chen Z, Zheng J, Zhang J, Li S. A novel bioabsorbable 
pericardial membrane substitute to reduce postoperative 
pericardial adhesions in a rabbit model. Interactive Cardiovasc 
and Thorac Surg 2015; 21: 565-72. 

[17] Leprince P, Rahmati M, Bors V, Rama A, Leger P, 
Gandjbakhch I, Pavie A. Expanded polytetrafluoroethylene 
membranes to wrap surfaces of circulatory support devices in 

patientrs undergoing bridge to heart transplantation. Eur J 
Cardio-thorac Surg 2001; 19: 302-6. 

[18] Amato JJ, Cotroneo JV, Galdieri RJ, et al. Experience with the 
polytetrafluoroethylene surgical membrane for pericardial 
closure in operations for congenital cardiac defects. J Thorac 
Cardiovasc Surg 1989; 97: 929-34. 

[19] Koul B, Solem J, Steen S, et al. Heartmate left ventricular 
assist device as bridge to heart transplantation. Ann Thorac 
Surg 65: 1625–1623, 1998. 

 


