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Abstract
Aims: The aim of this study was to describe the incidence, mechanisms, management and outcomes of 
intracardiac shunts (ICS) following TAVI.

Methods and results: This was a multicentre registry across 10 centres aimed at gathering all cases 
of ICS (1.1%) including infection-related (IRICS, 0.3%) or aseptic (AICS, 0.8%) shunts. Patients pre-
sented porcelain aorta (24% vs. 6.8%, p=0.024) and had been treated with predilation (88% vs. 68.5%, 
p=0.037) or post-dilation (59.1% vs. 19.3%, p<0.001) more often. Median time from intervention to diag-
nosis of ICS was 10 days (IQR: 2-108), being longer for IRICS (171 [63-249] vs. 3 [1-12] days, p=0.002). 
Interventricular septum (55.6%) and anterior mitral leaflet (57.2%) were the most common locations for 
AICS and IRICS, respectively. Most patients (76%) developed heart failure but 64% were medically man-
aged. Seven patients (38.9%) underwent percutaneous closure of AICS. The in-hospital mortality rate was 
44% (IRICS 100%, AICS 27.8%) compared to global TAVI recipients (8.1%, p<0.001). At one-year follow-
up, 76% of the patients had died. ICS, logistic EuroSCORE, and moderate-severe residual aortic regurgita-
tion were independent predictors of death.

Conclusions: Post-TAVI ICS are an uncommon complication independently associated with high early 
mortality. Currently, most therapeutic alternatives yield poor results but percutaneous closure of AICS was 
feasible and is a promising alternative.
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Abbreviations
AICS aseptic intracardiac shunts
CT computed tomography
ICS intracardiac shunts
IRICS infection-related intracardiac shunts
NYHA New York Heart Association
TAVI transcatheter aortic valve implantation

Introduction
As the experience with transcatheter aortic valve implantation 
(TAVI) increases worldwide1,2, interest in risk factors and treat-
ment for less common complications is growing. Several registries 
have been essential to improve the outcomes of patients at risk 
for some of these worrisome complications3-7; however, some life-
threatening events remain barely explored.

The development of intracardiac shunts (ICS) after TAVI 
is a rare complication, often diagnosed days after TAVI, which 
typically requires prompt recognition and treatment to prevent 
death, as has been suggested previously8. The mechanism of this 
complication can be mechanical compression of highly calcified 
structures, inadvertent perforation by guidewires or sheaths, or 
local infection8. Strategies to prevent this problem, detect it ear-
lier, and treat before progression are not systematically applied but 
could radically improve the prognosis of patients with ICS.

Therefore, the aim of this study was to evaluate the incidence, 
predisposing conditions, management, and outcomes of patients 
who develop ICS, of both infective and non-infective aetiology, 
following TAVI.

Methods
All cases of ICS irrespective of their aetiology were collected retro-
spectively across 10 centres from January 2009 to December 2016. 
ICS were defined as any shunts occurring between two cardiac 
chambers or great vessels (pulmonary artery and aorta), in relation 
to the use of a TAVI device. This was the only inclusion criterion; 
no exclusion criteria were pre-specified. Contentious cases, includ-
ing those with mitral leaflet perforation, were discussed and finally 
included according to the pre-specified definition of ICS. Data 
gathered included the main baseline, echocardiographic, computed 
tomography (CT), procedural, and follow-up characteristics.

In addition, all centres were asked to provide main patient-
level data of the entire population who underwent TAVI within the 
inclusion period. All centres had a dedicated TAVI database where 
all cases were prospectively recorded, and a systematic follow-
up was performed through clinical visits and/or telephone con-
tact. Data collected included age, sex, logistic EuroSCORE, STS 
score, comorbidities, previous coronary artery disease, peripheral 
artery disease, echocardiographic and CT parameters (including 
amount and distribution of calcium, aortic annulus dimensions), 
and procedural details. In case of suspected infective endocarditis, 
the potential source of infection, bacterial cause, initial symptoms, 
antibiotic treatment and its duration were recorded. This registry 
was approved by local ethics committees.

SPECIFIC PROCEDURAL AND ICS FEATURES
Data on the approach, type and size of prosthesis, predilation and 
post-dilation, haemodynamic instability and any procedure-related 
complication defined according to Valve Academic Research 
Consortium (VARC)-2 criteria9 were gathered. The main details 
of ICS included clinical presentation, location, size of shunts as 
assessed by echocardiography, timing after TAVI, treatment per-
formed, and one-year follow-up.

STATISTICAL ANALYSIS
Data are expressed as absolute frequency and percentage in case of 
qualitative variables. Quantitative variables are described as mean 
(SD) or median (25th-75th interquartile range [IQR]) depending on 
variable distribution. Group comparisons were analysed using the 
Student’s t-test or its non-parametric equivalent, the Mann-Whitney 
U test, for continuous variables, and the chi-square test or Fisher’s 
exact test for categorical variables. Survival analysis by the Kaplan-
Meier method was used to determine differences according to the 
subgroup of patients with or without ICS. Multivariate analysis 
through Cox regression was used to evaluate independent predic-
tors of mortality in the global study population. Long-term follow-
up was available in all centres but those with more than 5% of data 
missing at follow-up were excluded from the Kaplan-Meier analy-
sis. Statistical significance was defined as p-value <0.05. All ana-
lyses were conducted using the software package SPSS Statistics, 
Version 23.0 (IBM Corp., Armonk, NY, USA).

Results
BASELINE CHARACTERISTICS OF INTRACARDIAC SHUNTS
The mean age of the study population (N=2,239) was 80.3±7.4 years 
and 51.6% were female. A total of 25 patients (1.1%) developed 
ICS within a period of 10 days (IQR: 2-108) after TAVI. The 
increase in the number of TAVI procedures across participating 
institutions was exponential over time, whereas the number of 
ICS presented a linear increase, suggesting a decrease in the pro-
portion of patients with this problem (Supplementary Figure 1). 
The clinical, echocardiographic and CT baseline characteristics 
are summarised in Table 1. Most patients with ICS were female 
(60%), with lower surgical risk according to logistic EuroSCORE 
(9.25% [IQR: 4.6-16.6] vs. 17.2% [IQR: 10.7-26.5], p<0.001), 
and higher mean gradients (55.8±19.1 mmHg vs. 46±16.7 mmHg, 
p=0.004). A diagnosis of porcelain aorta was made more often in 
patients with ICS (24% vs. 6.8%, p=0.024) and 12% had prior 
chest wall radiation therapy for cancer.

CT findings in patients with ulterior development of ICS included 
aortic valve calcium score of 4,002 (IQR: 3,304-4,804) Agatston 
units (AU) with nine patients (69.2%) showing calcium nodules in 
the aortic leaflets, and seven patients (53.8%) asymmetric calcified 
spicules extending to the left ventricular outflow tract.

PROCEDURAL AND IN-HOSPITAL OUTCOMES
The procedural characteristics of the study population are shown 
in Table 2. Of the 25 patients with ICS, the mechanism was direct 
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compression of calcium (aseptic intracardiac shunt [AICS]) in 
18 cases (72%, incidence 0.8%) and infective fistulisation (infec-
tion-related intracardiac shunt [IRICS]) in seven patients (28%, 
incidence 0.3%). No cases were caused by catheters or guidewires 
as described elsewhere8. Overall, the median time from the inter-
vention to the diagnosis of ICS was 10 days (IQR: 2-108).

As compared to the global TAVI recipients, those patients with 
ICS more often received balloon predilation (88% vs. 68.5%, 
p=0.037) and post-dilation (59.1% vs. 19.3%, p<0.001). A trend 
to greater overexpansion was detected in patients treated with 
balloon-expandable prostheses with shunts compared to those 
without. On the other hand, although absolute overexpansion 
was greater with self-expanding devices, no differences were 
found in those with shunts (Table 2). No other differences 

regarding the approach, valve size, or use of balloon-expandable 
devices (56% vs. 52%, p=0.684) were found. Patients developing 
ICS more commonly presented residual moderate or severe aor-
tic regurgitation (20% vs. 4.1%, p<0.001) and had a high rate of 
other concomitant TAVI-related complications, including atrio-
ventricular block requiring permanent pacemaker implantation 
in 54.5%.

In-hospital symptoms related to the development of ICS 
occurred in 19 patients (76%), whereas six patients (24%) 
remained asymptomatic. Heart failure was the most common ini-
tial symptom (76%) and fever was present in most patients devel-
oping IRICS (85.7%). In-hospital mortality occurred in 11 of the 
patients with ICS (44%) and was significantly higher than among 
the global TAVI recipients (vs. 8.1%, p<0.001) (Figure 1).

Table 1. Baseline characteristics of the patients according to the development of intracardiac shunts following TAVI.

Global population  
N=2,239 (100%)

With ICS  
n=25 (1.1%)

Free of ICS  
n=2,214 (98.9%)

p-value

Clinical variables
Age (years) 80.3±7.4 80.5±7.9 80.2±7.4 0.832

Female 1,161 (51.8) 15 (60) 1,146 (51.8) 0.242

Body mass index (kg/cm²) 26.8±5.2 26.6±4.9 26.8±5.1 0.830

Diabetes 696 (31.3) 7 (28) 689 (31.4) 0.718

Prior CABG 443 (19.9) 1 (4) 442 (20.1) 0.044

Prior valve surgery 90 (4) 1 (4) 89 (4) 0.999

Cerebrovascular disease 253 (16.7) 8 (32) 245 (16.4) 0.054

Prior atrial fibrillation 713 (32) 11 (44) 702 (32) 0.201

Porcelain aorta 156 (10.6) 6 (24) 150 (6.8) 0.024

COPD 688 (31) 10 (40) 678 (30.9) 0.326

Chronic kidney disease 632 (34) 11 (44) 621 (30.4) 0.220

STS score (%) 6.2 [4-9.4] 6.1 [3.2-8] 6.2 [4.1-9.4] 0.450

Logistic EuroSCORE (%) 16.7 [9.1-26.5] 9.2 [4.6-16.6] 17.3 [10.7-26.5] <0.001

Echocardiographic variables
Aortic valve area, cm² 0.66±0.1 0.65±0.1 0.66±0.1 0.887

Peak aortic gradient, mmHg 75.9±25 93.1±23.9 75.3±25.2 0.002

Mean aortic gradient, mmHg 46.8±16.9 55.8±19.0 46.0±16.7 0.004

LVEF, % 60 [46-65] 62 [60-65] 60 [45-65] 0.011

Annulus size, mm 21 [20-23] 22 [20-23] 21 [19-23] 0.811

Aortic regurgitation ≥2 807 (37) 13 (52) 794 (36.8) 0.119

Systolic pulmonary pressure (mmHg) 45.1±14.9 48.1±7.9 45.0±14.9 0.167

Computed tomography variables
AA area, mm² 438 [333-498] 445 [335-491] 436 [321-499] 0.672

AA perimeter, mm 73 [70-84] 76 [74-82] 73 [69-84] 0.319

AA maximal diameter, mm 28.2±4.4 27.0±2.8 28.3±4.6 0.767

AA minimal diameter, mm 21.4±2.1 22.6±2.2 21.2±2.1 0.901

AA calcification (AU) 3,119  
[2,623-4,241]

4,002  
[3,304-4,804]

3,112  
[2,611-4,208] 0.129

Calcified spicule extending to LVOT* – 7 (53.8) – –

Annular calcium nodules* – 9 (69.2) – –

* These variables were only collected in ICS patients. AA: aortic annulus; AU: Agatston units; CABG: coronary artery bypass graft; COPD: chronic 
obstructive pulmonary disease; ICS: intracardiac shunts; LVEF: left ventricular ejection fraction; LVOT: left ventricular outflow tract; NYHA: New York 
Heart Association; STS: Society of Thoracic Surgeons; TAVI: transcatheter aortic valve implantation
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MAIN FEATURES OF INTRACARDIAC SHUNT ACCORDING TO 
THE MECHANISM
The location of ICS according to their aetiology is depicted in 
Figure 2 and summarised in Table 3. Ventricular septal defect 
was the most frequent location of AICS (55.6%), whereas ante-
rior mitral leaflet perforation shunting blood from left ventricle 
to left atrium was the most common one in patients developing 
IRICS (57.2%). Aortic root-to-left ventricle and aortic root-to-
right atrium fistula were diagnosed with either AICS or IRICS. 
Although specific predisposing conditions could not be identified 
for each subtype of intracardiac shunt given the low number of 

cases, the presence of bulky calcification extending to the outflow 
tract was described in all cases of ventricular septal defect.

The diagnosis of IRICS was made significantly later than in 
patients with AICS (171 [63-249] vs. 3 [1-12] days, p=0.002), 
and the size of the shunt could be determined only in AICS cases 
(4.5 [IQR: 3-5.5] mm) due to anfractuosity of the fistula in IRICS. 
Aetiology of the infection - when present - is summarised in 
Table 4. Coagulase-negative staphylococci were the most common 
bacterial cause and sources of infection were identified in only two 
patients, with all IRICS presenting definitive infective endocarditis 
criteria. From a total of 42 cases of endocarditis (1.87% of the study 
population), 16.7% had a fistula. The main aetiology (coagulase-
negative staphylococci in 54.8%), chronology (“early” endocarditis 
in 92.9%), and one-year mortality (69%) of patients suffering from 
infective endocarditis were similar to those of patients with IRICS.

MANAGEMENT AND OUTCOMES OF INTRACARDIAC SHUNT 
ACCORDING TO AETIOLOGY
Treatment options (Figure 3) included open surgery in two patients 
(8%), percutaneous closure of the shunt in seven patients (28%), 
and conservative treatment in the remaining 16 patients (64%). 
All percutaneous closure attempts were performed in patients with 
AICS. They were all symptomatic and the mean Qp/Qs was 2.3±0.3 
as opposed to 1.86±0.3 (p=0.01) in the cases medically treated. 
Selected devices included the Nit-Occlud® PDA (pfm medical ag, 
Cologne, Germany) in three cases, AMPLATZER Vascular Plug II 
(St. Jude Medical, St. Paul, MN, USA) in two cases, Flipper® PDA 
Closure Detachable Coil (Cook Medical, Bloomington, IN, USA) 
in one case, and AMPLATZER ASD Occluder (St. Jude Medical) 
in one other case. Successful closure of the shunt was achieved in 

Table 2. Procedural characteristics of the patients according to the development of intracardiac shunts following TAVI.

Procedural characteristics
Global population 
N=2,239 (100%)

With ICS  
n=25 (1.1%)

Free of ICS  
n=2,214 (98.9%)

p-value

Approach Transfemoral 1,695 (75.8) 19 (76) 1,676 (75.8)
0.982

Transapical 541 (24.2) 6 (24) 535 (24.2)

Balloon predilation 1,477 (68.7) 22 (88) 1,455 (68.5) 0.037

Balloon post-dilation 371 (19.7) 13 (59.1) 358 (19.3) <0.001

Type of valve Balloon-expandable 1,113 (52) 14 (56) 1,099 (51.9)
0.684

Self-expanding 1,029 (48) 11 (44) 1,018 (48.1)

Percentage of overexpansion (%) 12±3 14±4 12±3 0.073

Balloon-expandable (%)* 9±2 11±4 9±2 0.055

Self-expanding (%) 17±4 17±5 17±4 0.257

Post-TAVI AR ≥3 93 (4.3) 5 (20) 88 (4.1) <0.001

Valve embolisation 80 (3.7) 1 (4) 79 (3.7) 0.609

Other 
complications 
after TAVI

Permanent pacemaker implantation 312 (15.4) 6 (54.5) 306 (15.3) 0.230

Acute kidney injury 86 (4) 2 (18.2) 84 (4) 0.313

Vascular complication 301 (14.9) 2 (18.2) 299 (14.9) 0.330

Major bleeding 222 (10.9) 1 (9.1) 221 (11.1) 0.266

* Percentage of overexpansion based on annular area (recommended: 7-13% for balloon-expandable and 20-25% for self-expanding). AR: aortic 
regurgitation; ICS: intracardiac shunts; TAVI: transcatheter aortic valve implantation

Follow-up (months)

1.0

0.8

0.6

0.4

0.2

0.0

68.7%

49.7%

ICS
No ICS

Log-rank test p = 0.007

0 6 12 18 24

ICS 25 13 10 9 7
No ICS 1,029 637 418 241 80

Figure 1. Two-year follow-up survival curves for the global 
population of TAVI recipients and for those who developed 
intracardiac shunts.
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100% of the attempts. Four patients (57.1%) died during the index 
hospital stay and the other three within the first year. In 42.8% of 
the cases the cause of death was progression of heart failure. One 
other patient with an aseptic ventricular septal defect causing heart 
failure underwent surgical repair seven days after TAVI. Direct 
suture and implantation of a bioprosthesis was successful without 
events in the follow-up. Finally, the mortality rate of the 10 cases 
which were medically treated was 50% at a mean follow-up of 5.3 
[IQR: 1.3-29.3] months from the diagnosis, leading to a final one-
year mortality rate in the AICS group of 66.7%.

All patients with IRICS died during the index admission. Six 
of the seven patients with IRICS (85.7%) were medically treated 
including specific antibiotic regimes during a median time of 30 
days (IQR: 15-30.5). Surgical repair of the valve was performed 
in one case with mitral leaflet perforation but perioperative infec-
tion led to the death of the patient. Multiorgan failure (50%), heart 
failure (33.3%), and septic shock (16.7%) were the causes of death 
in IRICS patients.

Figure 2. Schematic location of intracardiac shunts following TAVI according to aetiology. Left: infection-related intracardiac shunts (IRICS). 
Right: aseptic intracardiac shunts (AICS).

Table 3. Clinical characteristics, management and outcomes of intracardiac shunts following TAVI according to aetiology.

ICS characteristics, n (%)
Global population 

(n=25)
AICS  

(n=18)
IRICS  
(n=7)

p-value

Location of intracardiac 
shunt

Ventricular septal defect 10 (40) 10 (55.6) 0 (0)

–

Aortic root – right ventricle 3 (12) 3 (16.7) 0 (0)

Anterior mitral leaflet perforation 4 (16) 0 (0) 4 (57.2)

Aortic root – left ventricle 4 (16) 2 (11.2) 2 (28.6)

LVOT – right atrium 4 (16) 3 (16.7) 1 (14.3)

Initial symptoms Heart failure 19 (76) 12 (66.7) 7 (100)
0.137

Fever 6 (24) 0 (0) 6 (85.7)

Management Percutaneous treatment 7 (28) 7 (38.9) 0 (0)

0.141Medical treatment 16 (64) 10 (55.6) 6 (85.7)

Surgical treatment 2 (8) 1 (5.6) 1 (14.3)

Outcomes In-hospital mortality 11 (44) 6 (33.3) 5 (71.4) 0.177

AICS: aseptic intracardiac shunts; ICS: intracardiac shunts; IRICS: infection-related intracardiac shunts; LVOT: left ventricular outflow tract

Table 4. Characteristics of infection-related intracardiac shunts 
(IRICS) following TAVI.

Infection-related intracardiac shunts (n=7) n (%)
Bacterial 
cause

Coagulase-negative staphylococci 4 (56.8)

Enterococci 1 (14.2)

Methicillin-resistant 
staphylococcus aureus 1 (14.2)

Polymicrobial infection 1 (14.2)

Source of 
infection

Dental 1 (14.2)

Pacemaker 1 (14.2)

Unknown 5 (71)

Type of 
treatment

Medical treatment 6 (85.7)

Surgical treatment 1 (14.3)

Antibiogram-
guided therapy 
(n=7)

Beta-lactams 3 (42.8)

Aminoglycosides 3 (42.8)

Linezolid 1 (14.2)

Daptomycin 1 (14.2)

Length of antibiotic therapy (days) 30 [15-30.5]
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Thus, at two years of follow-up from the TAVI proce-
dure, mortality was significantly higher in patients with ICS 
(50.3% vs. 31.7%, p=0.007) (Supplementary Table 1). ICS, logis-
tic EuroSCORE, and moderate-severe residual aortic regurgitation 
amongst others were independent predictors of death.

Discussion
ICS are an infrequent, life-threatening, and preventable complica-
tion following TAVI. Mechanisms are probably shared with other 
uncommon but severe complications in the field of TAVI such as 
annulus rupture or coronary obstruction, representing one of the 
main pitfalls to the extension of this technology to patients with 
lower risk. There are several key findings from this research. 1) 
ICS were an independent predictor of mortality in patients treated 
with TAVI. 2) AICS may be partially preventable by more accurate 
valve sizing and device selection, reducing the need for post-dila-
tion and overexpansion in patients with adverse calcium amount 
and distribution or those with prior chest radiation. 3) This prob-
lem did not require emergent management in any case. Hence, best 
treatment can be discussed and carefully planned in this setting to 
overcome the numerous caveats of the current therapeutic alter-
natives. Surgery was discarded in most patients, probably due to 
very high risk and a high prevalence of porcelain aorta, but medi-
cal and percutaneous alternatives in symptomatic patients also 
yielded poor results with in-hospital mortality rates of 29.4% and 
66.7%, respectively. The suboptimal midterm outcomes reported 
in patients treated percutaneously contrast with positive results in 
previous reports, highlighting the current lack of reproducibility of 
this approach8. However, percutaneous treatment is probably the 
most promising alternative for AICS, suggesting the need for thor-
ough research to develop dedicated devices and three-dimensional 
models helpful for procedural planning10.

MECHANISM OF ICS
Some authors have suggested that balloon-expandable valves 
might be related to a higher risk of ICS due to forceful expansion 
in contrast to self-expanding devices which are more adaptable to 
the landing zone8. Several aspects from our research support this 
hypothesis. First, as recommended, greater overexpansion was used 
for self-expanding valves but no differences in the percentage of 
overexpansion were detected with this device in patients with ICS. 
On the other hand, in patients treated with balloon-expandable pros-
theses, there was a trend to greater overexpansion as compared 
to those free of this complication (Table 2). Balancing the risk of 
paravalvular regurgitation versus development of ICS or annular 
rupture is a major responsibility of the TAVI team that should be 
addressed by adequate device selection and precise determination 
of the overexpansion being aimed at before the procedure. Also, if  
anterior mitral leaflet perforation cases were excluded, patients with 
balloon-expandable devices presented twice the incidence of ICS 
(1.26%) as compared to self-expanding ones (0.68%). Conversely, 
as we advance the system deeper within the left ventricle, the out-
flow tract frequently tapers down and it may be much smaller at 
the site of the valve landing zone. In this regard, deeper implanta-
tion can be performed more often with self-expanding systems and 
might have an impact on the rate of interventricular shunts.

Regarding IRICS, the relatively high incidence of this complica-
tion (one out of every six cases of infective endocarditis) suggests 
that TAVI may more easily result in complications involving a fis-
tula in this context due to the technical features of the devices, 
with a large stent frame extending to the ascending aorta and deep 
into the outflow tract. An alternative controversial hypothesis is 
that a fistula may occur first, acting as the substrate for infective 
endocarditis7,11-14. Clarifying this aspect is of the utmost impor-
tance as the management is radically different and conditions the 

ICS
n=25

AICS
n=18

Interventional
(7 patients)

Nit-Occlud PDA (3 pts) Death (3 pts)
Death (1 pt)

Death (4 pts)

Death (2 pts)
Death (1 pt)

Alive (1 pt)

Alive (5 pts)

Alive (1 pt)
Alive (2 pts)

Death (1 pt)

Death (6 pts)

Flipper PDA closure coil (1 pt)
AMPLATZER Vascular Plug II (2 pts)

AMPLATZER ASD Occluder (1 pt)

Direct suture and bioprosthesis

Standard medical treatment of HF

Repair of mitral leaflet perforation

Beta-lactam antibiotics (3 pts)

Aminoglycosides (3 pts)

Linezolid (1 pt)

Daptomycin (1 pt)

Surgical
(1 patient)

Medical
(10 patients)

Interventional
(0 patients)

Surgical
(1 patient)

Medical
(6 patients)

IRICS*
n=7

Alive (1 pt)

Alive (9 pts)

Death (1 pt)

Management Specific treatment In-hospital outcomes 1-year FU outcomes

Figure 3. Flow chart summarising the management and outcomes of patients suffering from intracardiac shunts following TAVI. *All patients 
in the IRICS group received antibiogram-guided therapy (either one or more drugs). Only one of them also underwent surgery.
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prognosis. Moreover, diagnosis of IRICS is more challenging and, 
as a result, the rate of this complication may be underreported. 
As a general recommendation, a systematic echocardiographic 
evaluation should be performed in all patients harbouring a TAVI 
device who present a progression or develop new symptoms of 
heart failure, and attention should be paid to detecting subtle signs 
of fistula or infective endocarditis.

MANAGEMENT AND OUTCOMES OF ICS
The development of ICS was independently associated with higher 
mortality but no therapeutic strategy has yet been demonstrated 
to reduce the risk of death effectively once the complication has 
occurred. The growing experience in the field of percutaneous clo-
sure of paravalvular leaks might be useful for the management of 
ICS in symptomatic patients15. A specific concern in this setting is 
the risk of interaction with the TAVI device leading to prosthesis 
malfunction8. Selected low-profile devices with double-disc systems 
or smaller and flexible coils can be useful. Percutaneous closure of 
AICS was considered feasible in 38.9% of the patients and the tech-
nical success rate was 71.4% (lower than periprosthetic leak closure 
in alternative scenarios)15. Nevertheless, the in-hospital mortality 
remained high (57.1%). An earlier attempt to close the shunt in less 
symptomatic patients or in case of a high Qp/Qs ratio may help to 
diminish the mortality8. Conservative treatment, albeit a potential 
option in asymptomatic patients with low values of Qp/Qs ratio, 
should be accompanied by close follow-up to prevent rapid deteriora-
tion. However, in patients with infective endocarditis, the extremely 
poor outcomes with conservative management should lead to recon-
sideration of surgery as the only potentially life-saving alternative.

Limitations
The main limitation of the study was the relatively low number 
of patients with ICS as a result of its low incidence. This pre-
cluded multivariate analysis to determine the independent predic-
tors of this complication. Small shunts in asymptomatic patients 
may not have been detected due to the lack of central imaging 
analysis. Finally, infective and non-infective shunts present radi-
cally different mechanisms, management, and prognosis but both 
were included, though separately described, given the poor know-
ledge in this field and the challenging differential diagnosis in 
some cases.

Conclusions
ICS following TAVI are an uncommon complication with 3/4 
due to mechanical compression of calcium and 1/4 related to 
infective endocarditis. Mortality was >50% at one year of fol-
low-up and the prognosis was especially poor for those patients 
who presented infection or symptoms of heart failure. Medical 
treatment in symptomatic patients was associated with very high 
mortality whereas percutaneous closure of AICS was feasible 
but of limited efficacy, requiring further investigation to deter-
mine whether earlier attempts or specific devices might improve 
outcomes.

Impact on daily practice
Intracardiac shunts (ICS) are a rare complication of TAVI pro-
cedures with a relevant impact in terms of symptoms and are 
independently associated with early mortality. Most of the ICS 
were the consequence of mechanical compression of calcium 
due to its extension towards the left ventricular outflow tract 
but also as a result of prosthesis overexpansion. Also, a small 
proportion of the cases, with poorer prognosis, occurred due to 
infective endocarditis causing fistulisation. Current therapeutic 
alternatives yielded poor results, but percutaneous closure of 
aseptic shunts is a new and promising alternative.

Acknowledgements
We acknowledge Pilar Jimenez-Quevedo, Valeriano Ruiz, José M. 
Hernández García, Bruno García del Blanco, Rosana Hernández-
Antolin, Luisa Salido, Luis R. Goncalves-Ramirez, Pablo Catalá, 
Itziar Gómez, and Pablo Valladares for their contributions to this 
research.

Funding
P. Rojas has received support from Fundación Carolina-BBVA.

Conflict of interest statement
The authors have no conflicts of interest to declare.

References
 1. Leon MB, Smith CR, Mack M, Miller DC, Moses JW, 
Svensson LG, Tuzcu EM, Webb JG, Fontana GP, Makkar RR, 
Brown DL, Block PC, Guyton RA, Pichard AD, Bavaria JE, 
Herrmann HC, Douglas PS, Petersen JL, Akin JJ, Anderson WN, 
Wang D, Pocock S; PARTNER Trial Investigators. Transcatheter 
aortic-valve implantation for aortic stenosis in patients who cannot 
undergo surgery. N Engl J Med. 2010;363:1597-607.
 2. Leon MB, Smith CR, Mack MJ, Makkar RR, Svensson LG, 
Kodali SK, Thourani VH, Tuzcu EM, Miller DC, Herrmann HC, 
Doshi D, Cohen DJ, Pichard AD, Kapadia S, Dewey T, Babaliarios V, 
Szeto WY, Williams MR, Kereiakes D, Zajarias A, Greason KL, 
Whisenant BK, Hodson RW, Moses JW, Trento A, Brown DL, 
Fearon WF, Pibarot P, Hahn RT, Jaber WA, Anderson WN, Alu MC, 
Webb JG; PARTNER 2 Investigators. Transcatheter or Surgical 
Aortic-Valve Replacement in Intermediate-Risk Patients. N Engl J 
Med. 2016;374:1609-20.
 3. Ribeiro HB, Webb JG, Makkar RR, Cohen MG, Kapadia SR, 
Kodali S, Tamburino C, Barbanti M, Chakravarty T, Jilaihawi H, 
Paradis JM, de Brito FS Jr, Cánovas SJ, Cheema AN, de Jaegere PP, 
Del Valle R, Chiam PT, Moreno R, Pradas G, Ruel M, Salgado-
Fernández J, Sarmento-Leite R, Toeg HD, Velianou JL, Zajarias A, 
Babaliaros V, Cura F, Dager AE, Manoharan G, Lerakis S, 
Pichard AD, Radhakrishnan S, Perin MA, Dumont E, Larose E, 
Pasian SG, Nombela-Franco L, Urena M, Tuzcu EM, Leon MB, 
Amat-Santos IJ, Leipsic J, Rodés-Cabau J. Predictive factors, man-
agement, and clinical outcomes of coronary obstruction following 



2002

EuroIntervention 2
0
1
8

;1
3

:19
9

5
-2

0
0

2  

transcatheter aortic valve implantation: insights from a large multi-
center registry. J Am Coll Cardiol. 2013;62:1552-62.
 4. Barbanti M, Yang TH, Rodès Cabau J, Tamburino C, 
Wood DA, Jilaihawi H, Blanke P, Makkar RR, Latib A, Colombo A, 
Tarantini G, Raju R, Binder RK, Nguyen G, Freeman M, 
Ribeiro HB, Kapadia S, Min J, Feuchtner G, Gurtvich R, Alqoofi F, 
Pelletier M, Ussia GP, Napodano M, de Brito FS Jr, Kodali S, 
Norgaard BL, Hansson NC, Pache G, Canovas SJ, Zhang H, 
Leon MB, Webb JG, Leipsic J. Anatomical and procedural features 
associated with aortic root rupture during balloon-expandable 
transcatheter aortic valve replacement. Circulation. 2013;128: 
244-53.
 5. Rezq A, Basavarajaiah S, Latib A, Takagi K, Hasegawa T, 
Figini F, Cioni M, Franco A, Montorfano M, Chieffo A, Maisano F, 
Corvaja N, Alfieri O, Colombo A. Incidence, management, and out-
comes of cardiac tamponade during transcatheter aortic valve 
implantation: a single-center study. JACC Cardiovasc Interv. 
2012;5:1264-72.
 6. Tay EL, Gurvitch R, Wijeysinghe N, Nietlispach F, Leipsic J, 
Wood DA, Yong G, Cheung A, Ye J, Lichtenstein S, Carere R, 
Thompson C, Webb JG. Outcome of patients after transcatheter 
aortic valve embolization. JACC Cardiovasc Interv. 2011;4: 
228-34.
 7. Amat-Santos IJ, Messika-Zeitoun D, Eltchaninoff H, 
Kapadia S, Lerakis S, Cheema AN, Gutiérrez-Ibanes E, Munoz-
Garcia AJ, Pan M, Webb JG, Herrmann HC, Kodali S, Nombela-
Franco L, Tamburino C, Jilaihawi H, Masson JB, De Brito FS, 
Ferreira MC, Lima VC, Mangione JA, Iung B, Vahanian A, 
Durand E, Tuzcu EM, Hayek SS, Angulo-Llanos R, Gómez-
Doblas JJ, Castillo JC, Dvir D, Leon MB, Garcia E, Cobiella J, 
Vilacosta I, Barbanti M, R Makkar R, Ribeiro HB, Urena M, 
Dumont E, Pibarot P, Lopez J, San Román A, Rodés-Cabau J. 
Infective endocarditis after transcatheter aortic valve implantation: 
results from a large multicenter registry. Circulation. 2015;131: 
1566-74.
 8. Rojas P, Amat-Santos IJ, Cortés C, Castrodeza J, Tobar J, 
Puri R, Sevilla T, Vera S, Varela-Falcón LH, Zunzunegui JL, 
Gómez I, Rodés-Cabau J, San Román JA. Acquired Aseptic 
Intracardiac Shunts Following Transcatheter Aortic Valve 
Replacement: A Systematic Review. JACC Cardiovasc Interv. 
2016;9:2527-38.
 9. Kappetein AP, Head SJ, Généreux P, Piazza N, van 
Mieghem NM, Blackstone EH, Brott TG, Cohen DJ, Cutlip DE, 

van Es GA, Hahn RT, Kirtane AJ, Krucoff MW, Kodali S, Mack MJ, 
Mehran R, Rodés-Cabau J, Vranckx P, Webb JG, Windecker S, 
Serruys PW, Leon MB. Updated standardized endpoint definitions 
for transcatheter aortic valve implantation: the Valve Academic 
Research Consortium-2 consensus document. Eur Heart J. 
2012;33:2403-18.
 10. Vaquerizo B, Theriault-Lauzier P, Piazza N. Percutaneous 
Transcatheter Mitral Valve Replacement: Patient-specific Three-
dimensional Computer-based Heart Model and Prototyping. Rev 
Esp Cardiol (Engl Ed). 2015;68:1165-73.
 11. Walpot J, Klazen C, Hokken R, Sorgedrager J, Hoevenaar M, 
den Braber J. Aorto-right ventricular fistula as an occasional find-
ing. Eur J Echocardiogr. 2005;6:65-6.
 12. Anguera I, Quaglio G, Miró JM, Paré C, Azqueta M, Marco F, 
Mestres CA, Moreno A, Pomar JL, Mezzelani P, Sanz G. 
Aortocardiac fistulas complicating infective endocarditis. Am J 
Cardiol. 2001;87:652-4.
 13. Amat-Santos IJ, Cortés C, Varela-Falcón LH. Delayed left 
anterior mitral leaflet perforation and infective endocarditis after 
transapical aortic valve implantation-Case report and systematic 
review. Catheter Cardiovasc Interv. 2017;89:951-4.
 14. Amat-Santos IJ, Cortés C, Revilla A, San Román JA. Infective 
Endocarditis: Cause or Consequence of Delayed Anterior Mitral 
Leaflet Perforation After Transcatheter Aortic Valve Implantation? 
Rev Esp Cardiol (Engl Ed). 2016;69:87.
 15. García E, Arzamendi D, Jimenez-Quevedo P, Sarnago F, 
Martí G, Sanchez-Recalde A, Lasa-Larraya G, Sancho M, Iñiguez A, 
Goicolea J, Garcia-San Roman K, Alonso-Briales JH, Molina E, 
Calabuig J, Freixa J, Berenguer A, Valdes-Chavarri M, Vazquez N, 
Diaz JF, Cruz-Gonzalez I. Outcomes and predictors of success and 
complications for paravalvular leak closure: an analysis of the 
SpanisH real-wOrld paravalvular LEaks closure (HOLE) registry. 
EuroIntervention. 2017;12:1962-68.

Supplementary data
Supplementary Table 1. Main predictors of follow-up mortality in 
the global TAVI population.
Supplementary Figure 1. Number of TAVI procedures, total num-
ber of intracardiac shunts, and aseptic shunts post TAVI. 

The supplementary data are published online at: 
http://www.pcronline.com/
eurointervention/132nd_issue/327
 



Supplementary data 

Supplementary Table 1. Main predictors of follow-up mortality in global TAVI population*. 

Variables Global 
population       

N=2,239 

Death at FU              
n=769 

Alive at FU        
n=1,470 

p-value OR (95% CI) p-value 

Baseline characteristics   
  Age (years) 80.3±7.4 80.9±7 79.9±7.6 0.003 1.027 [1.013-1.042] <0.001 
  Gender (female) 1,156 (51.6) 382 (49.7) 774 (52.7) 0.181 - - 
  BMI (kg/cm2) 26.8±5.2 26.3±5.1 27.1±5.2 <0.001 - - 
  Chronic renal failure 761 (34) 338 (43.9) 423 (28.8) 0.001 0.087 [0.677-1.035] 0.100 
  Diabetes mellitus  696 (31.3) 221 (28.9) 475 (32.6) 0.076 - - 
  COPD 688 (31) 271 (35.4) 417 (28.6) 0.001 1.495 [1.217-1.836] <0.001 
  Prior stroke/TIA 253 (16.7) 114 (19.4) 139 (15) 0.026 - - 
  Previous CABG 443 (19.9) 179 (23.3) 264 (18.1) 0.003 - - 
  Prior AF 713 (32.1) 303 (40) 410 (28.1) <0.001 1.659 [1.355-2.032] <0.001 
  STS score (%) 6.1 [3.2-8] 6.9 [4.7-10.8] 5.8 [3.8-8.7]  <0.001 - - 
  Logistic EuroSCORE (%) 9.25 [4.6-16.6] 20.27 [12-30.5] 16.13 [10-24.5] <0.001 1.015 [1.007-1.023] <0.001 
  Aortic valve area (cm2) 0.65±0.19 0.65±0.19 0.65±0.18 0.664 - - 
  Mean aortic gradient (mmHg) 46.1±16.7 44.35±16.4 47.06±16.9 <0.001 1.596 [1.258-2.025] <0.001 
  LVEF (%) 60 [46-65] 58 [44.6-63] 60 [47-65] 0.004 - - 
  SPPA (mmHg) 44.91±14.7 46.41±15.5 44.33±14.4 0.011 - - 
  Mitral regurgitation >2 380 (17.3) 152 (20.2) 228 (15.8) 0.011 - - 
Procedural characteristics   
  Transfemoral approach 1,695 (75.8) 552 (32.6) 1,143 (67.4) 0.003 0.992 [0.986-0.998] <0.001 
  Balloon predilation 1,477 (68.7) 546 (72.3) 931 (66.8) 0.008 1.598 [1.274-2.005] <0.001 
  Balloon-expandable prosthesis 1,113 (52) 417 (56.2) 696 (49.7) 0.004 - - 
  Balloon post-dilation 371 (19.7) 145 (21.7) 226 (18.7) 0.118 - - 
  Valve embolisation 80 (3.7) 43 (5.7) 37 (2.6) <0.001 - - 
  Post-TAVR AR ≥3 93 (4.3) 78 (10.2) 15(1) <0.001 2.659 [1.158-4.469] <0.001 
  Development of ICS^ 25 (1.1) 18 (2.3) 6 (0.4) <0.001 3.797 [1.578-9.173] 0.003 

^One patient presenting AICS from the group that received medical treatment was lost beyond 1 year of follow-up. 

AF: atrial fibrillation; AR: aortic regurgitation; BMI: body mass index; COPD: chronic obstructive pulmonary 

disease; ICS: intracardiac shunts; LVEF: left ventricular ejection fraction; SPPA: systolic pressure of pulmonary 

artery; STS: Society of Thoracic Surgeons; TAVI: transcatheter aortic valve implantation; TIA: transient ischaemic 

attack  
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