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Abstract

Background—A growing literature describes aneurysmal deterioration after implantation of the 

stentless porcine aortic Medtronic Freestyle bioprosthesis (MFB; Medtronic Inc, Minneapolis, 

MN), with some suggesting inadequate tissue fixation with immune response as a cause. However, 

disjointed reports make the significance of these findings difficult to interpret. We address this 

concern by aggregating available data.

Methods—We reviewed institutional data, the Food and Drug Administration’s Manufacturer 

and User Facility Device Experience registry, and the medical literature for mention of aneurysm 

or pseudoaneurysm after MFB. Case details were aggregated, and the rate of aneurysmal 

deterioration was estimated. Immunohistopathologic examination of institutional explanted 

specimens was performed to elucidate a cause.

Results—We found 42 cases of aneurysmal deterioration with adequate detail for analysis; all 

occurred with full root replacement and valve sizes ranging from 23 to 29 mm. The rate of 

aneurysmal deterioration considering all data sources was 1.1% (9 of 851; 95% confidence 

interval, 0.5% to 2.0%) vs 4.7% (4 of 86; 95% confidence interval, 1.3% to 11.5%) at our 

institution, where yearly surveillance imaging is performed. Rate of aneurysmal deterioration 

appeared constant until 5 years after the operation; however, events are reported out to 10 years. 

Consistent with previous reports, histopathology demonstrated an immune cell infiltrate in areas of 

MFB wall breakdown.

Conclusions—Aneurysmal deterioration is an increasingly described complication of MFB 

implantation as a full root, with an incidence as high as 4.7%. Given the observed immune 

reaction and lack of occurrence in smaller (19-mm and 21-mm) valve sizes, inadequate pressure 

fixation of larger valves is a potential etiology. Patients with MFB require annual surveillance 

imaging, and consideration of this complication should factor into preoperative decision making 

because treatment mandates redo root replacement, which may not be feasible in high-risk 

patients.

Aortic valve and root disease is a growing surgical problem in the United States due to 

increased disease recognition and an aging population [1]. For example, surgical repairs of 
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the proximal thoracic aorta (root, ascending, arch) increased fivefold from 2004 to 2009, 

with 11,000 cases performed in 2009 in North America [2]. In addition, bioprosthetic valves, 

which allow patients to avoid long-term anticoagulation, now dominate valve replacement 

and account for more than 80% of valves implanted [3].

In use since 1992 and approved by the United States Food and Drug Administration (FDA) 

in 1997, the stentless aortic Medtronic Freestyle bioprosthesis (MFB; Medtronic Inc, 

Minneapolis, MN) is a full porcine root that has gained popularity due to flexibility as a 

valve and root replacement. The valve is glutaraldehyde-fixed with 2-amino oleic acid 

anticalcification treatment [4] and has excellent hemodynamic properties even in small sizes 

[5]. With these advantages and good long-term safety data, including rates of 10-year 

structural deterioration and reoperation of less than 10% [5], the MFB remains a commonly 

used aortic valve in a fast-growing area of cardiac surgery.

Despite these advantages, a growing number of reports in recent years [5–10] have detailed 

the complication of aneurysmal deterioration after MFB implantation, and our institution has 

noted 4 patients with aortic pseudoaneurysm after MFB implantation as a full root. Several 

studies have reported immune cell infiltrates within the porcine root [7, 8, 10], raising 

concerns of a host immune reaction to the foreign porcine material and leading to structural 

deficits in the root wall.

The present study reports our institutional experience with MFB implantation with detailed 

evaluation of institutional cases of aneurysmal deterioration, including 

immunohistopathologic examination of explanted specimens to elucidate a cause. Further, 

the study aggregates available noninstitutional data on aneurysmal deterioration after MFB 

implantation to determine the incidence and outcomes of this complication. By bringing 

further attention to this underappreciated problem, the study may help guide decision 

making around valve selection in cases where MFB use is being considered.

Material and Methods

Institutional Data

We used a prospectively maintained institutional database to examine all MFB cases from 

January 2007, when the valve was first used at our institution, through April 2013. Patient, 

operative, and outcome data were extracted from the Duke Thoracic Aortic Surgery 

Database, a clinical registry of thoracic aortic surgical patients at Duke University Medical 

Center (Durham, NC). Patients underwent annual follow-up examination at the Duke Center 

for Aortic Disease, with clinical assessment and computed tomography angiography, 

magnetic resonance angiography, or echocardiography, or a combination. Data on imaging 

follow-up and long-term mortality status were obtained through chart review, billing and 

clinical encounters, national death indices, and Duke Enterprise Data Unified Content 

Explorer–guided query [11]. Investigational Review Board approval was obtained prior to 

reviewing patient data.
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Pathologic Examination

For the 3 patients who underwent reoperation with MFB explant for pseudoaneurysm at our 

institution, sections of porcine root were submitted for routine histology and 

immunohistochemical stains. Tissue was fixed in 10% buffered formalin, followed by 

standard processing and paraffin embedding. Immunohistochemical stains were performed 

using avidin biotinylated complex technique. Stains performed included cluster of 

differentiation (CD) 45, CD3, CD20, CD68, smooth muscle actin, muscle-specific actin, 

muscle-specific actin, and C4d.

Manufacturer and User Facility Device Experience Database

Available since 1993, the Food and Drug Administration’s Manufacturer and User Facility 

Device Experience (MAUDE) [12] database collects voluntary provider and industry 

adverse event reports related to medical devices. The MAUDE registry was queried for 

mentions of aneurysmal deterioration involving the MFB by using the MAUDE online 

search engine [13] terms “freestyle,” product code “LWR,” and “pseudoaneurysm” or 

“aneurysm.” Clinical data available in the MAUDE registry were extracted, including time 

from the operation to aneurysmal deterioration, location of aneurysmal defect, and death.

Literature Review

A literature review was performed, and incidence of MFB implantation and aneurysmal 

deterioration among studies was tabulated. By combining studies with overall population 

and incidence of aneurysm/pseudoaneurysm, including institutional data, an estimated rate 

of aneurysmal deterioration after MFB implantation was calculated. Because no 

pseudoaneurysm formations were noted after subcoronary or inclusion root MFB 

implantation, these cases were eliminated from analysis.

Statistical Analysis

Characteristics of patients with aneurysmal deterioration in the MAUDE and the literature 

searches were described using count and percentage for categoric variables and median and 

interquartile range for continuous variables. Incidence of aneurysmal deterioration was 

calculated as the percentage of formation among all patients at risk and also as a linearized 

rate per 100 patient-years of available follow-up. Finally, after combining patients from the 

MAUDE and literature searches, we developed a failure-free survival curve for patients with 

eventual aneurysmal deterioration to describe the time course of aneurysmal deterioration 

after MFB implantation. Stata 12.0 software (StataCorp LP, College Station, TX) and R 3.02 

software (R Foundation for Statistical Computing, Vienna, Austria; 2008) were used for 

statistical analyses.

Results

Institutional Data

Between January 2007 and December 2012, 90 MFB were implanted at our institution, all as 

full root replacements. Four patients died, for a 30-day in-hospital mortality of 4.4%; 

therefore 86 patients were at risk for late pseudoaneurysm formation. During a median 
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follow-up of 19 months (interquartile range, 5 to 37 months), an MFB pseudoaneurysm 

developed in 4 patients. All pseudoaneurysms were discovered on routine annual 

surveillance imaging. The location of the pseudoaneurysm was the left coronary sinus in 2 

patients (Figs 1 and 2), the left and right coronary sinuses in 1, and in the left and non-

coronary sinuses in 1. Successful reoperations were performed in 3 of the 4 patients, with 1 

patient with end-stage renal disease and multiple comorbidities not offered reoperation. 

Patients are summarized in Table 1. Long-term outcomes from our institutional series of 

MFB implantations revealed 1-year and 5-year survival of 86.9% and 77.3%, respectively.

Histopathology

Microscopic examination of hematoxylin and eosin-stained sections of explanted MFB roots 

demonstrated a paucicellular elastic artery wall with areas of wall thinning, fibrosis with 

focal pannus formation, and thrombus. Focal areas within the media appeared to have 

retained smooth muscle nuclei, yet there was no associated inflammatory reaction. Focal 

areas of a mild mononuclear inflammatory infiltrate were noted within the media. These 

cells stained positively for the macrophage marker CD68 (Fig 3) and for the leukocyte 

common antigen CD45. No immunoreactivity was seen for smooth muscle actin, muscle-

specific actin, CD3, CD20, or C4d, indicating a lack of evidence for retained porcine 

cellular components or a T-cell lymphocyte-mediated or antibody-mediated immune 

response. These results were consistent in the 3 explanted specimens, with final pathology 

indicating aortic wall degeneration without evidence of endocarditis.

Literature Review

Of 12 studies (including the current study) that evaluated the MFB and contained an 

adequate pathologic description to evaluate for aneurysmal deterioration, one was a case 

report without a denominator, and two involved overlapping cohorts reported in other 

included studies (Table 2). Therefore, eight studies involving 851 patients and 9 patients 

with aneurysmal deterioration were combined to estimate an incidence of this complication 

at 1.1% (95% confidence interval, 0.5% to 2.0%). After exclusion of the 4 patients with 

short-term death, the rate of pseudoaneurysm formation in our institutional series, where 

yearly surveillance computed tomography angiography or magnetic resonance angiography 

is performed on nearly all patients, was 4.7% (4 of 86; 95% confidence interval, 1.3% to 

11.5%). When calculated based on patient-years of follow-up, institutional incidence was 

2.3 pseudoaneurysms/100 patient-years. For comparison, no aortic root pseudoaneurysms 

have been observed in 169 patients undergoing aortic root replacement at our institution 

with Dacron (DuPont, Wilmington, DE) bioprosthetic or mechanical valved conduits during 

the study period.

MAUDE Database Inquiry

The MAUDE online search revealed 325 reports of adverse events with the MFB. Of these, 

30 (9.2%) contained a report of aneurysm or pseudoaneurysm. Among aneurysmal 

complications, time to presentation varied widely, from 2.5 to 127 months after 

implantation, with a median time to presentation of 26.5 months (interquartile range, 18 to 

47 months). Data from the MAUDE registry, medical literature, and our institutional series 

were combined to describe characteristics of patients developing aneurysms/
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pseudoaneurysms (Table 3). In 15.4% of cases, aneurysmal deterioration resulted in patient 

death. The combined data, containing all patients with available information on time from 

operation to aneurysmal deterioration, showed no evidence of repeat entries. In Kaplan-

Meier analysis of event-free survival among patients who would eventually develop 

aneurysmal deterioration, the rate of aneurysm/pseudoaneurysm formation appeared 

constant until 5 years after the operation; however, events continued up to 10 years (Fig 4).

Comment

Aneurysmal deterioration is a rare but serious and increasingly described complication of 

the aortic root MFB. Because it is unlikely that adequate data sources will become available 

to provide more definitive results on this complication, the current study provides several 

key insights for surgeons treating these patients: First, eventual aneurysmal deterioration has 

been estimated in 1.1% of MFB full-root cases; however, based on institutional data, this 

rate may be higher than 4% in patients under close imaging surveillance.

Second, there does not seem to be a clear group of patients at risk for this complication 

based on valve size, although cases have not been reported with 19 or 21 mm MFB.

Finally, this complication can occur over a wide range of postoperative intervals, with 

consistent rates of reporting from 2.5 months to 5 years after the operation, and continued 

event reporting exceeding 10 years after implantation.

The MFB has demonstrated good long-term outcomes, with several studies reporting 

outcomes more than 5 years from the operation [5, 18, 19]. Increasingly, however, reports of 

aneurysmal deterioration after MFB implantation as a full root have been published. 

Although rare, the potential sudden and catastrophic outcome of this complication raises 

concerns about how to surveil and manage this potential problem.

Several published reports describe patients with asymptomatic pseudoaneurysm formation 

found on routine surveillance imaging, despite aneurysm diameters of more than 40 mm [6]. 

Other patients experienced significant symptoms, including heart failure from extramural 

compression of the right ventricular outflow tract [9] or from aortopulmonary fistula [20], 

transient ischemic attacks related to emboli from pseudoaneurysm thrombus, or 

cardiopulmonary arrest and death [6].

All pseudoaneurysms in our institutional series were found on routine imaging surveillance, 

although 2 of 4 patients had symptoms attributable to the pseudoaneurysm. Lifelong annual 

surveillance follow-up imaging with computed tomography angiography or magnetic 

resonance angiography appears mandatory after MFB full root implantation, especially 

because the pseudoaneurysms were not noted on transthoracic echocardiography in any of 

the patients from our institutional series.

MFB sizes reported in our institutional series are larger (27 to 29 mm) compared with those 

previously reported (23 to 25 mm); however, previous reports came from Japan, where use 

of smaller sizes may be more frequent [6, 9]. All reported cases of aneurysmal deterioration 

involved full root replacement, likely because the native aortic wall remains intact around 
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the implanted valve with the subcoronary or inclusion techniques. As such, any 

inflammation within the implanted porcine valve tissue would lead only to structural valve 

deterioration rather than pseudoaneurysm formation.

Our institutional experience of no pseudoaneurysms observed in 169 aortic root 

replacements performed with Dacron bioprosthetic or mechanical valved conduits during the 

study period, as well as other reports [21] describing a rate of pseudoaneurysm formation 

10-fold lower than the current study, would suggest this to be a problem specific to biologic 

porcine full root implants, although porcine root experience is limited due to the St. Jude 

Medical Toronto Root never being brought to market. That no aneurysmal deterioration in 

19 or 21 mm MFB roots has been described is noteworthy. The differential pressures exerted 

on these valves during pressure fixation and after implantation require further study to 

understand the implications of this observation in the search for a cause of this complication. 

Finally, the MAUDE registry reported pseudoaneurysm formation evenly distributed among 

the coronary sinuses, whereas all of our institutional cases of pseudoaneurysm involved the 

left coronary sinus, with one also involving the right and one the noncoronary sinus.

In a comprehensive examination of this complication, data from MFB implantations at the 

University of Toronto were detailed in a series of articles describing the clinical, imaging, 

and pathology results of explanted specimens [7, 8, 10]. These studies noted 3 specimens 

with aneurysmal deterioration without infective endocarditis etiology. In an in-depth 

immunohistopathologic examination of these specimens, the authors found macrophage, T-

lymphocyte and B-lymphocyte, and antibody-mediated immune reaction in the porcine 

roots. Animal studies have also demonstrated a host immune reaction to glutaraldehyde-

treated bioprosthetic roots, a reaction that was reduced with steroid administration [22]. In 

addition, other groups have described the α-Gal epitope (Gal-alpha1–3Galbeta1-

(3)4GlcNAc-R), which is prominent on the cells of most nonprimate mammals (including 

porcine cells) and not fully removed by glutaraldehyde fixation, as a possible source of 

immunogenicity due to anti-α-Gal antibodies in patients with porcine valves [23].

Results from our histologic examination demonstrated small foci of macrophages within the 

media of the porcine roots, consistent with previous studies. Contrary to the University of 

Toronto reports, we were unable to find evidence of a T-cell or B-cell lymphocyte 

inflammatory infiltrate. We were not able to confirm or exclude incomplete decellularization 

in areas of the media where smooth muscle nuclei were still apparent. However, these foci 

lacked an associated inflammatory infiltrate, making incomplete decellularization less likely. 

Deposition of the complement product C4d within the capillaries of solid organ allografts 

can assist in the diagnosis of antibody-mediated rejection. This stain was performed on 

several sections of porcine roots with abundant nonspecific staining and was uninformative. 

Further studies to elucidate the etiology of this complication are needed.

The potential sequelae of pseudoaneurysm formation can be catastrophic and include 

transient ischemic attack, stroke, heart failure, and sudden death [6, 8]. These sequelae, 

particularly sudden death, may lead to significant underreporting of this complication, 

especially among those not undergoing imaging surveillance or autopsy. Given the results of 

this and previous studies, we recommend rigorous surveillance and careful consideration of 
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patients who are selected for MFB implantation. Because symptoms may be minimal or 

absent, these patients require annual imaging, as noted previously, to recognize and replace 

valves with this complication.

Consideration of this complication should also factor into preoperative decision making, 

because its correction mandates redo aortic root replacement, a technically challenging 

operation that may not be feasible in certain high-risk patients. Given the possible immune 

reaction responsible for this complication, replacing this type of structural deterioration of 

the MFB with a second MFB may be ill advised [6].

Reoperation in these patients can be technically challenging, and several points merit 

mention. First, unlike Dacron grafts, which are typically encased in a dense peel of fibrous 

tissue at reoperation, all of the MFB roots were completely free of adhesions and easily 

separated from surrounding cardiac structures (Fig 5). The major challenges of redo root 

replacement were because in all 3 patients, the measured diameter of the aortic annulus at 

reoperation was significantly smaller (6 to 8 mm smaller) than at the time of original valve 

implant. This differs from reoperation after prior mechanical or stented bio-prosthetic valve 

implantation, where the diameter of the residual annulus after valve explant is generally 

identical to that of the previously implanted valve due to the rigid frame of the mechanical 

or stented bioprosthetic valve. In the case of the stentless MFB, however, we postulate that 

the inflammation and scarring related to the immune response to the porcine tissue, in 

conjunction with the lack of a rigid frame to hold the annulus open, lead to the observed 

reduction in annular size. This finding is important because it may necessitate mechanical or 

supraannular stented bioprosthetic valved conduit implantation to achieve adequate effective 

orifice area at the time of reoperation.

The second difficulty was that because the pseudoaneurysms arose from the left coronary 

sinus of Valsalva, the left coronary ostium was pushed away from the annulus by the 

pseudoaneurysm (Figs 2 and 6A), and dense scarring in this area made remobilization 

challenging. As such, we found use of the “legs” technique [24] useful in 2 of the 3 cases, 

whereby a short (1 cm) 8-mm Dacron interposition graft was placed between the ostium of 

the left coronary and the Dacron valved conduit to allow reimplantation without tension (Fig 

6B). Because the interposition graft is very short, the risk of late thrombosis should be 

minimal compared with the longer standard Cabrol limb [25].

Given these challenges, we now restrict use of full root MFB implantation to cases of a 

small annulus, whereby suboptimal hemodynamics would be obtained with implantation of 

a small mechanical or stented bioprosthetic valve, and generally limit use to the 19-mm and 

21-mm valves given the lack of reported pseudoaneurysm with these sizes. However, larger 

sizes are still occasionally used in cases of endocarditis given the known increased 

resistance of the MFB bioprosthesis to recurrent infection.

This study has several limitations, including its retrospective nature and lack of complete 

data across the multiple sources collated. The rarity of this complication makes a more 

robust study unlikely; therefore, the potential for unmeasured confounders and imperfect 

estimates will continue to plague research on this subject. Owing to lack of standard 
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surveillance and unknown cause of death in some patients from data sources outside of our 

institutional series, the rate of aneurysmal deterioration is almost certainly underestimated. 

Although immunohistopathologic examination revealing chronic inflammation and possible 

evidence of porcine cells make inadequate fixation an interesting hypothesis, we lack data to 

establish firm causality.

In conclusion, aneurysmal deterioration is a rare but potentially catastrophic complication 

after MFB implantation as a full root. A synthesis of currently available data suggests that 

this complication will eventually develop in approximately 1% (and potentially >4%) of 

patients receiving a MFB full root implant, although the time course is variable. As changes 

in population demographics, aortic disease prevalence, and frequency of aortic operations 

potentially increase use of the MFB, appropriate patient selection and adequate surveillance 

will be critical to minimize the sequelae of aneurysmal deterioration.
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Fig 1. 
Computed tomography angiography three-dimensional reconstruction shows a 

pseudoaneurysm of the left coronary sinus after Medtronic Freestyle Bioprosthesis 

(Medtronic, Minneapolis, MN) full root replacement and hemiarch repair.
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Fig 2. 
Intraoperative photograph from same patient as Figure 1 demonstrates a large defect (black 

double arrow) in the left coronary sinus of the porcine root. The left coronary button (black 

solid arrow) has been displaced significantly away from the annulus toward the main 

pulmonary artery by the pseudoaneurysm.
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Fig 3. 
(A) Photomicrograph of mononuclear inflammatory cell infiltrate within the media (arrow) 

of the porcine root shows positive staining for macrophage marker cluster of differentiation 

(CD) 68. The lumen is seen to the right and the adventitia to the left (immunoperoxidase 

stain; original magnification ×4). (B) Macrophages magnified (original magnification ×20).
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Fig 4. 
The solid line represents the aneurysm/pseudoaneurysm-free survival curve for 36 patients 

who develop eventual aneurysmal deterioration and the dotted lines represent the 95% 

confidence intervals.
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Fig 5. 
Intraoperative photograph demonstrates lack of adhesions to stentless porcine root, which is 

easily separated from surrounding cardiac structures.
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Fig 6. 
(A) Intraoperative photograph demonstrates another example of the left coronary button 

displaced away from the annulus by a left porcine sinus pseudoaneurysm and also clearly 

demonstrates the left coronary button anastomosis (arrow) is intact and that the 

pseudoaneurysm arises directly from the left porcine sinus wall lateral to the button. (B) 

Completion of redo root replacement from same patient demonstrating use of the “legs” 

technique, whereby a short interposition Dacron (DuPont, Wilmington, DE) graft (arrow) is 

used to anastomose the displaced left coronary button to the Dacron valved conduit.
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Table 2

Selected Literature Review of Medtronic Freestyle Bioprosthesis Implantation

Study (First Author) Study Years MFB Implantsa Aneurysm/Pseudoaneurysm

DUMC Study 2007–2013 86 4

Mazzola [14] 2001–2010 77 0

David [10] NR 298 2

Nairb [8] 2003–2009 279 2

Butanyb [7] 2003–2005 430 2

Smith [15] 2005–2009 18 0

LeMaire [16] 2001–2007 47 0

Bach [5] 1997–2004 178 1

Ozaki [6] 1999–2002 61 2

El-Hamamsy [17] 1997–2005 86 0

Mizuno [9] 2008 Case report 1

a
Patients who died perioperatively and were thus not at risk for aneurysm/pseudoaneurysm formation were excluded.

b
Indicates studies not included in incidence calculation due to overlapping patient cohorts.

DUMC = Duke University Medical Center; MFB = Medtronic Free-style Bioprosthesis (Medtronic Inc, Minneapolis, MN).
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