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ABSTRACT 

Aims 

Autopsy after TAVI is a new field of interest in cardiovascular pathology. We provide an 

overview of the autopsy findings in patients with TAVI in their medical history, divided by 

the timing of the death with specific interest in the added value of such autopsies over a 

solely clinically determined cause of death. 

Methods and Results 

In 8 European cardiovascular centres, 72 cases of patients with a TAVI procedure in their 

medical history with detailed autopsy reports were available. Autopsies were divided ac-

cording to the time interval of death after the procedure. In 32 patients who died ≤72h 

postprocedure, mortality resulted from cardiogenic or haemorrhagic shock in 62.5% and 

34.4% respectively. No deaths from respiratory failure or sepsis were described. In 31 

patients with mortality >72h-≤30 days postprocedure, cardiogenic shock was the cause of 

death in 51.6% and sepsis or respiratory failure in 22.6% and 9.7% respectively. Among 

the 9 patients who died after 30 days, 88.9% died of sepsis (8 patients), of whom 4 died 

due to infective endocarditis. Autopsy revealed not clinically expected, relevant findings 

in 61.1% and resulted in a partly or completely different cause of death as was clinically 

determined (34.7% partly and 26.4% completely different). 

Conclusion 

A structured autopsy, performed with knowledge of the time of death in relation to the 

procedure is valuable for determination of the cause of death after TAVI. Our data support 

the role of autopsy in the quickly evolving era of cardiac device technology.
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INTRODUCTION 

Aortic valve stenosis is the most common valvular heart disease in adults, with strong 

age associated prevalence (1). As a result of increasing life expectancies, the prevalence 

of the disease increases simultaneously (2). For patients considered to be at high or pro-

hibitive risk for conventional cardiac surgery, transcatheter aortic valve implantation (TAVI) 

evolved as an alternative, less invasive treatment (3-5). Over the past decade, the increased 

prevalence of aortic valve stenosis combined with improvements in material, experience 

and techniques, resulted in an expanding number of TAVI procedures. Although a shift is 

noticeable in indications for TAVI to patients with lower surgical risks, the current patient 

population is relatively old and has complex comorbidities with associated mortality risks. 

The reported 1-year mortality after TAVI ranges from 14 to 31% (5-7). The novelty of the 

procedure creates a new field of interest in cardiovascular autopsy pathology. Current 

literature reviewing the causes of death at autopsy after TAVI is scarce and consists of small 

single centre case series (8, 9). To identify the cause of death, it is important to be familiar 

with specific findings at autopsy, with respect to the time interval between procedure and 

death after TAVI. Therefore we provide an overview of autopsy findings after TAVI proce-

dures in multiple centres divided by the timing of death after the procedure. In addition 

we consider the added value of an autopsy for determination of the cause of death over a 

solely clinically determined cause.

METHODS 

Institutional autopsy registries of 8 European pathology laboratories with specific cardio-

vascular expertise were screened for patients with TAVI in their medical history. Registries 

of the following laboratories were screened; Academic Medical Centre Amsterdam, VU 

medical centre Amsterdam, Erasmus Medical Centre Rotterdam, Sint Anthonius Nieuwe-

gein, Deutsches Herzzentrum Berlin, St. George Hospital Medical School London, Cardio-

vascular Pathology Unit University of Padua and the Pisa University Hospital. Autopsies 

were performed according to local legislation. A standardized questionnaire was used to 

evaluate the autopsy reports and archived tissues (heart specimens and/ or paraffin blocks). 

The following information was required for the questionnaire: baseline and procedural 

characteristics, the clinically suspected cause of death and the primary cause of death 

found at autopsy, other autopsy findings (general heart pathology, descriptions of the 

native valve, signs of ischemic heart disease, position of the implanted prosthesis, signs 

of valvular thrombosis or endocarditis, procedure-related trauma, sepsis and findings at 

cerebral autopsy). In order to divide the autopsies in time intervals of death, we used 

the standardized endpoints of the VARC-2 recommendations (10). We distinguished cases 
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with immediate procedural mortality (≤72 hours postprocedure), procedural mortality (> 72 

hours -30≤days postprocedure) and post procedural mortality (>30 days postprocedure). 

To compare baseline characteristics and findings at autopsy between the different time 

intervals we used one-way ANOVA and chi-squared test for trend as appropriate. Statistical 

analyses were performed on SPSS version 22.0 (IBM Corp., Armonk, New York, USA).

RESULTS

In the 8 participating centres, 72 cases of autopsy after TAVI were available. Procedures 

were performed between 2007 and 2015 with either the self-expandable Medtronic Core 

valve (Medtronic Inc.; Minneapolis, MN, USA), the balloon expandable Edwards SAPIEN/

SAPIEN XT/ Sapien 3 (Edwards Lifesciences LCC; Irvine, CA, USA) or the Lotus (Boston 

Scientific Corporation, Marlborough, MA, USA) bioprostheses at discretion of the operator. 

Reported access routes were; transfemoral (n=29), transapical (n=28), transaortic (n=5), 

and subclavian (n=2) (not documented n=8). Eleven procedures were performed under 

conscious sedation with local analgesia (15.3%), all other under general anaesthesia. 

In 7 patients the performed TAVI was a valve-in-valve procedure (9.7%), after degen-

eration of the initial surgical (n=6) or transcatheter (n=1) aortic valve prosthesis. Baseline 

characteristics of all patients divided per time interval of death are presented in Table 1. 

Cardiopulmonary resuscitation (CPR) prior to death was performed in 40 patients (55.6%). 

General findings at autopsy are described in Table 2; these findings were, however, not 

necessarily the primary cause of death at autopsy. In all but one case (98.6%) a pre-existent 

Table 1. Baseline characteristics at time of autopsy per time interval of death 

Characteristics ≤72 h >72 h -≤30 d >30 d

Number of patients 32 (100%) 31 (100%) 9 (100%)

Female 19 (59.4%) 16 (51.6%) 3 (33.3%)

Age 80 (±5) 79 (±8) 82 (±8)

Days of death after TAVI 1 (±1) 12 (±7) 304 (±369)

Body Mass Index 27.2 (±8.9) 25.5(±13.6) 29.0(±4.9)

Medical history

     Hypertension 24 (75.0%) 19 (61.3%) 7 (77.8%)

     Hypercholesterolemia 14 (43.8%) 12 (38.7%) 6 (66.7%)

     Diabetes 16 (50.0%) 11 (35.5%) 1 (11.1%)

     Atrial fibrillation 12 (37.5%) 15 (48.4%) 5 (55.6%)

     Stroke 2 (6.2%) 6 (19.4%) 0 (0.0%)

     CABG* 13 (40.6%) 9 (29.0%) 3 (33.3%)

     PCI† 12 (37.5%) 11 (35.5%) 1 (11.1%)

Dichotomous data are presented as number of patients (%); continuous data are expressed as mean (±SD)
*CABG = coronary artery bypass graft
† PCI = percutaneous coronary intervention 
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diseased heart was found, with hypertrophy and/or dilatation and signs of old ischemia. In 

52 patients, (72.2%) cerebral autopsy was performed in addition to the cardiac autopsy.

Timeframe

Immediate procedural mortality (≤72 hours postprocedure)

A total of 32 patients died within 72 hours of the procedure (44.4% of the total cohort) of 

whom 19 patients died on the day of the TAVI. In 3 patients, no prosthesis was implanted 

since death occured in an early phase of the procedure. The clinically suspected causes of 

death are described in Table 3. Death due to cardiogenic shock was clinically suspected in 

most patients; 22 of the 32 (68.8%). The primary causes of death found at autopsy are 

described in Table 4. In 20 of the 32 patients the primary cause of death was cardiogenic 

shock (62.5%). The described origin was mostly end stage cardiac failure with cardiac 

hypertrophy and dilatation; the procedure was believed to be the eliciting factor. In 10 

patients acute ischemia was described in addition to the end stage cardiac failure (31.3%).. 

In one patient a large hematoma in the right atrium was found, histological examination 

revealed recent bleeding in and around the AV node with ischemic signs. Haemorrhagic 

shock was described as the primary cause of death in 11 patients (34.4%), mostly as a 

consequence of aortic annulus rupture. Although brain autopsy revealed signs of a cere-

brovascular accident in 3 patients (Table 2), in only one patient the primary cause of death 

was described to be due to an ischemic stroke caused by a thrombus in the basilar artery 

which originated from thrombus at the prosthesis site. No infections were described in 

patients who died within 72 hours postprocedure (Table 2 and 4).

Table 2. Autopsy findings per time interval of death in relation to TAVI

Findings ≤72 h >72h -≤30 d >30 d

Number of patients 32 (100%) 31 (100%) 9 (100%)

Heart weight 584.9 (±148.0) 569.9 (±116.3) 602.4 (±196.6)

Cardiac hypertrophy 28 (87.5%) 28 (90.3%) 9 (100%)

Cardiac dilatation 14 (43.8%) 12 (38.7%) 5 (55.6%)

Old myocardial infarction 22 (68.8%) 18 (58.1%) 4 (44.4%)

Recent myocardial infarction 12 (37.5%) 12 (38.7%) 2 (22.2%)

Procedure related hemorrhage 11 (34.4%) 2 (6.5%) - (0.0%)

Not correctly positioned prosthesis 1 (3.1%) 5 (16.1%) 1 (11.1%)

Thrombus at prosthesis site 1 (3.1%) 3 (9.7%) 1 (11.1%)

Cerebrovascular accident 3 (9.4%) 7 (22.6%) 2 (22.2%)

 Ischemic 3 (9.4%) 6 (19.4%) 2 (22.2%)

 Hemorrhage 2 (6.3%) 3 (9.7%) - (0.0%)

 Microbleeds 1 (3.1%) 4 (12.9%) - (0.0%)

Endocarditis - (0.0%) 1 (3.2%) 4 (44.4%)

Sepsis - (0.0%) 8 (25.8%) 8 (88.9%)

Dichotomous data are presented as number of patients (%); continuous data are expressed as mean 
(±SD). Hypertrophy and dilatation are defined as described in the autopsy report.
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Procedural mortality (>72 hours-≤30 days postprocedure)

A total of 31 patients died between 72 hours and 30 days after the procedure (43.1% 

of the total cohort) after a mean of 12 days after TAVI (Table 1). The clinically suspected 

cause of death was cardiogenic in 14 patients (45.2%), followed by sepsis in 6 patients 

(19.4%) (Table 3). The primary causes of death found at autopsy are described in Table 

4. The leading cause was of cardiogenic origin in 16 patients (51.6%). Thirteen patients 

died due to end stage cardiac failure, with or without signs of acute myocardial ischemia. 

In one of the patients with ischemia, the prosthesis was implanted too high, obstructing 

the coronary ostia. In addition, 2 patients had worsening of heart failure due to severe 

mitral regurgitation caused by obstruction of the mitral leaflets by a too low implanted 

prosthesis. In another patient the prosthesis pressed on the cardiac septum, most likely 

damaging the conduction system. Two patients died of haemorrhagic shock (6.5%) and 7 

of multi organ failure due to sepsis (22.6%). In 2 of the patients with sepsis, thrombus was 

found at the site of implantation; in one patient with candida sepsis of unknown origin and 

in one patient with ischemic colitis. Acute respiratory distress syndrome (ARDS) leading to 

Table 3. Clinical suspected causes of death per time interval 

Cause of death ≤72 h N=32 >72h -≤30 d N=31>30 d N=9

Cardiogenic shock 22 (68.8%) 14 (45.2%) - (0.0%)

 Electromechanical dissociation 9 1 -

 Acute myocardial infarction 5 2 -

 Acute worsening heart failure 3 8 -

 Unknown cause 5 3 -

Hemorrhagic shock 7 (21.9%) 4 (12.9%) - (0.0%)

 Annular rupture 2 - -

 Retroperitoneal hematoma 1 1 -

 Pericardial perforation 1 - -

 Gastrointestinal - 2 -

 Unknown origin 3 1 -

Sepsis - (0.0%) 6 (19.4%) 7 (77.8%)

 Origin: endocarditis - 1 1

 Origin: infected feet - - 1

 Origin: pneumonia 2

 Origin: cellulitis 1

 Sepsis unknown origin - 5 1

Respiratory failure 1 (3.1%) 2 (6.5%) - (0.0%)

Cerebral infarction 2 (6.3%) 3 (9.7%) - (0.0%)

 Basilar artery 2 1 -

 Left Middle Cerebral Artery - 1 -

 Diffuse - 1 -

Multi organ failure unknown origin - (0.0%) 1 (3.2%) - (0.0%)

Renal insufficiency - (0.0%) 1 (3.2%) - (0.0%)

Malignancy - (0.0%) - (0.0%) 1 (11.1%)

Unknown cause - (0.0%) - (0.0%) 1 (11.1%)
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respiratory failure was the cause of death in 3 patients (9.7%). Although signs of a cere-

brovascular accident were found in 7 patients (Table 2), only in 2 cases a cerebral infarct 

was described as the primary cause of death (6.5%) (Table 4). This included one patient 

with a major infarct of the left middle cerebral artery in whom an embolic thrombus was 

found in a branch of the pulmonary artery and one patient with a brain stem infarct who 

showed extensive signs of endocarditis and myocarditis and thrombus at the prosthesis 

site. In one patient with a low inserted prosthesis, cerebral oedema with herniation of the 

cerebellar tonsils described as the primary cause of death.

Table 4. Primary causes of death at autopsy per time interval of death

Cause of death ≤72 h
N=32

>72h -≤30 d
N=31

>30 d
N=9

Cardiogenic shock 20 (62.5%) 16 (51.6%) 1 (11.1%)

 End stage cardiac failure with recent ischemia 10 6 1

 End stage cardiac failure without recent ischemia 9 7 -

  Large hematoma AV-node damaging conduction system  
with recent ischemia 

1 - -

 Mechanical obstruction mitral valve by TAVI prosthesis - 2 -

  Right ventricular failure secondary to pulmonary 
embolisms

- 1 -

Hemorrhagic shock 11 (34.4%) 2 (6.5%) 0 (0.0%)

 Annular rupture 5 - -

 Retroperitoneal hematoma 1 1 -

 Perforated pericardium by pacemaker wire in  
compromised heart 

1 - -

 Dissection thoracic aorta 1 - -

 Anastomosis previous CABG* 1 - -

 Transmural tear aortic wall 1 - -

 DIC† 1 1 -

Sepsis 0 (0.0%) 7 (22.6%) 8 (88.9%) 

 Cardiac origin: endocarditis of TAVI prosthesis - - 4

 Cardiac origin: pacemaker wire - 1 -

 Not (directly) cardiac origin: pneumonia - 3 2

 Not (directly) cardiac origin: ischemic colitis - 1 1

 Not (directly) cardiac origin: necrotizing cholecystitis - 1 -

 Not (directly) cardiac origin: unknown, candida found - 1 -

 Not (directly) cardiac origin: cellulitis - 1

Respiratory failure – ARDS‡ 0 (0.0%) 3 (9.7%) 0 (0.0%)

Cerebral infarction 1 (3.1%) 2 (6.5%) 0 (0.0%)

 Basilar artery 1 1 -

 Left Middle Cerebral Artery - 1 -

Cerebral edema 0 (0.0%) 1 (3.2%) 0 (0.0%)

*CABG = coronary artery bypass graft 
† DIC = diffuse intravascular coagulation
‡ARDS = acute respiratory distress syndrome
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Post procedural mortality (>30 days postprocedure)

Nine patients died more than 30 days after TAVI (12.5%). The interval of the time of death 

ranged from 33 to 936 days after the procedure. The most frequent clinically suspected 

cause of death was a septic shock; in 7 patients (77.8%) (Table3). At autopsy, sepsis was 

also the leading cause of death as 8 patients died primarily due to a septic shock (88.9%) 

(Table 4). In 4 patients sepsis was a consequence of endocarditis; in 2 within two months, 

in the other 2 after two years. In one of these patients, additional findings were a septic 

myocarditis and thrombus formation at the site of valve implantation. In one patient who 

died of sepsis caused by pneumonia, a too low implanted prosthesis was found, obstruct-

ing the mitral valve but not directly leading to death. Although not defined as the primary 

cause of death, in 2 patients signs of a cerebrovascular accident were found (Table 2). 

These cerebral infarcts originated from septic embolisms after endocarditis and ischemic 

colitis respectively.

Correlation of clinically suspected cause of death and cause of death at autopsy

The correlation between the clinically suspected cause of death and the cause of death at 

autopsy is described in Figure 1. In 28 of the 72 patients the clinically determined cause of 

death was confirmed as the primary cause of death at autopsy (38.9%). In 44 patients, au-

topsy revealed relevant additional findings (61.1%) that resulted in a partly or completely 

different cause of death as was determined clinically (34.7% and 26.4% respectively). 

In patients with mortality between 72 hours and 30 days, the discrepancy between the 

clinically suspected cause of death and the cause of death at autopsy was highest as the 

clinically suspected cause was only confirmed in 9 of the 31 patients (29.0%). In patients 

with mortality before 72 hours or after 30 days the clinically suspected and at autopsy 

determined cause of death correlated in 16 of the 32 patients (50.0%) and in 3 of the 9 

patients (33.3%) respectively.

DISCUSSION 

With an expanding number of procedures, pathologists will be exposed more often to au-

topsies of patients with TAVI in their medical history. In this study presents an overview of 

autopsy findings after TAVI procedures in multiple centres divided by the timing of death. 

It describes a difference in causes of death among the time-intervals and demonstrate a 

substantial added value of autopsy in addition to the solely clinical determined cause of 

death. This is the largest and only international multicentre study on autopsy findings in 

this relatively new patient population. Previous reports on autopsy after TAVI are limited 

with small single centre analyses of autopsies in 13 or 17 cases and did not focus on the 
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signifi cance of autopsy in changing a clinically determined cause of death (8, 9). For a 

pathologist clinical information of the patient and procedure is highly relevant. Since TAVI 

is the preferred therapy for patients with high or prohibitive risk for surgery, patients are 

relatively old, and have an extensive medical history of which the pathologist should be 

aware of. As could be expected in patients with (a history of) aortic valve stenosis, fi ndings 

of cardiac hypertrophy, -dilatation and evidence of old ischemia, were frequently described 

in the autopsy reports. Periprocedural details of the access route and complications are 

essential to appreciate the autopsy fi ndings. As demonstrated, it is extremely helpful to 

aim attention at the time interval between the TAVI procedure and death. Cardiogenic and 

especially haemorrhagic shock occurred less as time after the procedure passed. On the 

contrary, respiratory failure and sepsis only occurred after 72 hours. Among patients who 

died after 72 hours, a high incidence of prosthetic valve endocarditis of 12.5% (5 of the 40 

cases) was present, which is even higher than the reported incidence in literature of 3.1% 

in the fi rst year after TAVI (11)(Figure 2). Furthermore, we demonstrate the importance of 

paying attention to the position of the prosthesis at autopsy; in patients who died within 

30 days of the procedure, 9.5% had an incorrectly positioned prosthesis (6 of the 63 cases) 

(Figure 3). Incorrect positioned prosthesis may induce conduction disorders, severe mitral 

regurgitation or coronary obstruction (12-14). Demonstrating damage of the conduction 

system by histopathological analyses is diffi cult. Based on autopsy, of all our 72 cases a 

conduction disorder was suspected in only two; one patient with a prosthesis pressing on 

Figure 2. Two too low inserted TAVI prosthesis 
a) protrusion of the native aortic valve leafl ets, 
b) erosion of the anterior leafl et of the mitral 
valve (black arrow)  
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the cardiac septum and one patient with a large hematoma in the right atrium caused by 

a recent bleeding in the AV node. Systematic examination of the AV node is not common 

in cardiac autopsy and may reveal more, small hematomas. In addition to these cardiac 

fi ndings we demonstrated the added value of cerebral autopsy since we found ischemic 

or haemorrhagic lesions in 12 of the 72 patients (16.7%) (Figure 4). Cerebral infarcts 

are a well-known complication of the procedure with a reported 30-day clinical stroke 

incidence of approximately 3-4% and the highest incidence within 24 hours after TAVI 

(15-17). A striking fi nding in our autopsy reports was the detection of thrombus at the site 

of the prosthesis in 5 patients (6.9%). Recently, Makkar et al. reported a high incidence 

of 13% to 40% of reduced leafl et motion after implantation of a bioprosthetic valve, 

identifi ed on Computed Tomography (CT). This condition resolved with administration of 

therapeutic anticoagulation, suggesting that reduced leafl et motion could be associated 

with subclinical leafl et thrombosis (18). In agreement with the report of Makkar et al., we 

hypothesize that although stroke after TAVI is multifactorial, valve thrombus with possible 

embolization of thrombotic material may play an important role in developing cerebral 

ischemic lesions. This is further supported by our analysis; in three of the fi ve patients with 

prosthesis site thrombus signs of ischemic stroke were found (Figure 4). We demonstrated 

that in only 38.9% of all patients, the clinically suspected cause of death was confi rmed 

at autopsy (Figure 1). Clinically relevant extra fi ndings were found in 61.1% of patients, 

which completely changed the perception on the cause of death in 26.4% of all patients. 

Figure 3. Endocarditis of the prosthetic valve; a) 
aortic valve prosthesis with vegetation, b) Gram 
stain of the material derived of the prosthesis, a 
gram positive staphylococcus was found 
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The correlation was especially low in patients with mortality between 72 hours and 30 

days postprocedurally, with only 29.0% of the clinical suspicions confi rmed at autopsy. 

These large discrepancies highlight the vital importance of autopsy s over a solely clinically 

determined cause of death, not just in the immediate post procedural period but also later 

after TAVI.

Recommendations for autopsy

In order to perform an autopsy after TAVI in the most accurate way we created a list 

of stepwise autopsy recommendations based on our expert opinion (Table 5). Autopsy 

induced damage should be avoided, it is therefore particularly important to record clinical 

information including technical aspects of the procedure before the heart is removed from 

the thorax. In general, the size and weight of the heart provide information on possible 

underlying cardiac morbidity. Attention should be paid to the position of the prosthesis in 

relation to the native valve; an X-ray could be helpful to determine this position. In case of 

a previous aortic valve replacement, the position of the TAVI prosthesis in relation to the 

(surgical) prosthetic valve should be assessed. Furthermore, the implantation height and 

Figure 4. Cerebrovascular infarction; a) 
prosthetic valve with thrombotic material, B, 
cerebral autopsy with infarction c) zoom in of 
the infarct zone
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its relation to the ostia of the coronary arteries as well as its relation to the mitral valve 

should be determined. It is helpful to carefully inspect the valve leaflets for thrombus and 

vegetation. It is recommended to remove the prosthesis, to assess the landing zone in the 

left ventricular outflow tract and the native leaflets and coronary ostia. An LDH stain could 

provide information not only of the presence of myocardial infarction, but also of the 

timing of the infarction. With the known high risk of cerebrovascular events during and 

after TAVI it is essential to perform cerebral autopsy in all patients after a TAVI procedure.

LIMITATIONS

This study is a retrospective analysis of the autopsy findings from 8 different pathology 

laboratories. Although pathologists with cardiovascular pathology expertise performed all 

autopsies, there was no standardized protocol. Therefore autopsies varied to some extent 

among the institutes. Moreover, in the analysed cohort the number of autopsies after 

a transapical procedure was relatively overrepresented since transfemoral procedures are 

usually more common. Furthermore, no timeframe for procedures was set. We analysed 

72 cases with procedures from 2007 to 2015. Only a minority of less than one fifth of the 

procedures was performed before 2010. However during this wide range in time of the 

procedure some technical and procedural aspects for TAVI changed. Newer generation 

prostheses will show different complications if compared to older prostheses due to, for 

example higher frame heights and larger sheaths. In addition, since this is an elderly patient 

population, death without autopsy is frequent. We showed the benefit of autopsy over a 

solely clinically determined cause of death. It is possible that autopsies were requested 

when the clinically suspected cause of death was not entirely clear. This may induce an 

overestimation of the advantage of autopsy over a solely clinically determined cause of 

death.

Table 5. Stepwise autopsy recommendations postprocedural TAVI patients

1. Recording of the clinical information, including the technical aspects of the procedure.

2. Careful removal of the heart, avoiding autopsy induced damage and manipulation of the root.

3. X-ray of the removed heart before opening is desirable to determine the position of the prosthesis.

4. Retrograde opening of the aorta up to the level of the prosthesis.

5. Assessment of the prosthesis in relation to the native valve, the mitral valve and the coronary arteries.

6. Transversal apically biventricular slices up to mid-level of the papillary muscle. One slice may be used for enzyme staining; 
other slices can be used for additional histopathological analyses.

7. Opening of the heart from apex to left ventricular outflow tract. 

8. It is recommended to remove the prosthesis after careful assessment, to reveal potential mural thrombi.

9. Opening of the heart according to the natural blood flow direction 

10. Assessment of the mitral valve for pathology
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CONCLUSION 

A structured autopsy, performed with knowledge of the general medical history, the tech-

niques of the procedure as well as the time of death in relation to the procedure, often 

reveals valuable information regarding the cause of death after TAVI. Clinicians should ap-

preciate autopsy over a solely clinically determined cause of death. Pathologists performing 

those autopsies should have knowledge of the procedure and recognize the importance of 

the time interval between the TAVI procedure and death.



Autopsy after transcatheter aortic valve implantation 167

9

REFERENCES
 1. Eveborn GW, Schirmer H, Heggelund G, Lunde P, Rasmussen K. The evolving epidemiology of 

valvular aortic stenosis. the Tromso study. Heart. 2013;99(6):396-400.

 2. Chambers J. Aortic stenosis. Bmj. 2005;330(7495):801-2. 

 3. Mack MJ, Leon MB, Smith CR, Miller DC, Moses JW, Tuzcu EM, et al. 5-year outcomes of 

transcatheter aortic valve replacement or surgical aortic valve replacement for high surgi-

cal risk patients with aortic stenosis (PARTNER 1): a randomised controlled trial. Lancet. 

2015;385(9986):2477-84.

 4. Kapadia SR, Leon MB, Makkar RR, Tuzcu EM, Svensson LG, Kodali S, et al. 5-year out-

comes of transcatheter aortic valve replacement compared with standard treatment for 

patients with inoperable aortic stenosis (PARTNER 1): a randomised controlled trial. Lancet. 

2015;385(9986):2485-91.

 5. Adams DH, Popma JJ, Reardon MJ, Yakubov SJ, Coselli JS, Deeb GM, et al. Transcatheter aortic-

valve replacement with a self-expanding prosthesis. N Engl J Med. 2014;370(19):1790-8. 

 6. Smith CR, Leon MB, Mack MJ, Miller DC, Moses JW, Svensson LG, et al. Transcatheter versus 

surgical aortic-valve replacement in high-risk patients. N Engl J Med. 2011;364(23):2187-98. 

 7. Leon MB, Smith CR, Mack M, Miller DC, Moses JW, Svensson LG, et al. Transcatheter aortic- 

valve implantation for aortic stenosis in patients who cannot undergo surgery. N Engl J Med. 

2010;363(17):1597-607. 

 8. Nietlispach F, Webb JG, Ye J, Cheung A, Lichtenstein SV, Carere RG, et al. Pathology of trans-

catheter valve therapy. JACC Cardiovascular interventions. 2012;5(5):582-90. 

 9. Loeser H, Wittersheim M, Puetz K, Friemann J, Buettner R, Fries JW. Potential complications 

of transcatheter aortic valve implantation (TAVI)-an autopsy perspective. Cardiovasc Pathol. 

2013;22(5):319-23. 

 10. Kappetein AP, Head SJ, Genereux P, Piazza N, van Mieghem NM, Blackstone EH, et al. Updated 

standardized endpoint definitions for transcatheter aortic valve implantation: the Valve Aca-

demic Research Consortium-2 consensus document. J Thorac Cardiovasc Surg. 2013;145(1):6- 

23. 

 11. Olsen NT, De Backer O, Thyregod HG, Vejlstrup N, Bundgaard H, Sondergaard L, et al. Pros-

thetic valve endocarditis after transcatheter aortic valve implantation. Circ Cardiovasc Interv. 

2015;8(4). 

 12. Fraccaro C, Buja G, Tarantini G, Gasparetto V, Leoni L, Razzolini R, et al. Incidence, predic-

tors, and outcome of conduction disorders after transcatheter self-expandable aortic valve 

implantation. The American journal of cardiology. 2011;107(5):747-54. 

 13. 15. Lopez-Aguilera J, Mesa-Rubio D, Ruiz-Ortiz M, Delgado-Ortega M, Villanueva-Fernandez 

E, Romo-Pena E, et al. Mitral regurgitation during transcatheter aortic valve implantation: 

the same complication with a different mechanism. The Journal of invasive cardiology. 

2014;26(11):603-8. 

 14. Ribeiro HB, Nombela-Franco L, Urena M, Mok M, Pasian S, Doyle D, et al. Coronary obstruction 

following transcatheter aortic valve implantation: a systematic review. JACC Cardiovascular 

interventions. 2013;6(5):452-61. 

 15. Ghatak A, Bavishi C, Cardoso RN, Macon C, Singh V, Badheka AO, et al. Complications and 

Mortality in Patients Undergoing Transcatheter Aortic Valve Replacement With Edwards SA-

PIEN & SAPIEN XT Valves: A Meta-Analysis of World-Wide Studies and Registries Comparing 

the Transapical and Transfemoral Accesses. J Interv Cardiol. 2015;28(3):266-78. 



168 Chapter 9

 16. Athappan G, Gajulapalli RD, Sengodan P, Bhardwaj A, Ellis SG, Svensson L, et al. Influence of 

transcatheter aortic valve replacement strategy and valve design on stroke after transcatheter 

aortic valve replacement: a meta-analysis and systematic review of literature. J Am Coll Cardiol. 

2014;63(20):2101-10. 

 17. Miller DC, Blackstone EH, Mack MJ, Svensson LG, Kodali SK, Kapadia S, et al. Transcath-

eter (TAVR) versus surgical (AVR) aortic valve replacement: occurrence, hazard, risk factors, 

and consequences of neurologic events in the PARTNER trial. J Thorac Cardiovasc Surg. 

2012;143(4):832-43.e13. 

 18. Makkar RR, Fontana G, Jilaihawi H, Chakravarty T, Kofoed KF, de Backer O, et al. Possible Sub-

clinical Leaflet Thrombosis in Bioprosthetic Aortic Valves. N Engl J Med. 2015;373(21):2015-24.




