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Abstract
As a novel treatment modality, transcatheter aortic valve replacement (TAVR) is widely used for patients with severe 
aortic valve stenosis who have high surgical risk worldwide. However, this promising alternative procedure has different 
types of complication risks including, cerebrovascular events, vascular complications, bleeding, coronary obstruction, 
myocardial infarction, valve regurgitation, valve malpositioning or migration, conduction disturbances and acute kidney 
injury which may occur during and/or after the procedure. These complications may be seen up to one third of the 
patients and some of them may need urgent surgical intervention and may have a higher risk of death. For preventing 
and overcoming these complications, pre-procedural evaluation of the patient by an effective “heart team” which 
consists of cardiologists, cardiac surgeons, radiologists and anesthesiologists in equal proportion is needed. Estimating 
the potential difficulties and complications, deciding the interventions to be performed in case of any complication may 
increase the success of the procedure and save the patients’ lives. In this article, we reviewed the possible complications 
of the TAVR procedure and described rescue procedures in case of complications, in the context of the literature.
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INTRODUCTION
Transcatheter aortic valve replacement (TAVR) was firstly described as catheter-based implantation of a 
crimped valve, to the stenotic native aortic valve via transapical access-antegrade approach in 2002, as an 
alternative treatment method to surgical aortic valve replacement (SAVR) for patients who have high or 
prohibitive surgical risk[1,2]. Since 2002, TAVR is used increasingly all over the world. By the time, different 
access sites have been described and different TAVR valves have been developed [Figures 1 and 2].
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Although its efficacy has been proven in patients with aortic valve stenosis having high surgical risks, as a 
less invasive catheterization procedure, it has varying types of complications that may increase morbidity, 
require urgent surgical intervention and even cause death. These complications can occur anytime during 
and/or after the procedure, and include cerebrovascular events, vascular complications, bleeding, coronary 
obstruction, myocardial infarction, valve regurgitation, valve malpositioning or migration, conduction dis-
turbances and acute kidney injury. With the advances in medical equipment and systems, improvements in 
procedural techniques together with increasing experience and advances in patients’ imaging, these proce-
dural complications decreased dramatically. However, if occur, complications still remain the major factors 
affecting the success of the procedure. To prevent and/or overcome these complications, all TAVR patients 
should be evaluated by the “heart team” which consists of cardiologists, cardiac surgeons, radiologists and 
anesthesiologists in equal proportion. The risks and/or difficulties of anesthesia and SAVR procedure should 
be put forth by the cardiac surgeons and anesthesiologists, and declared to the patient. Once the decision of 
performing TAVR procedure has been taken, structures and calcification loads of the aortic valve, aortic an-
nulus, aorta and access vessels should be evaluated by cardiologists, cardiac surgeons and radiologists via CT 
images, angiogram and echocardiographic findings. The TAVR valve planned to be used, potential difficul-
ties of the procedure and possible complications should be determined and in case of complications, rescue 
attempts should be planned before the procedure by the “heart team”. The procedure should be performed in 
a hybrid operating room and surgical backup should be available whenever needed.

However, in all centers where TAVR is performed, it seems that a heart team with equal participation of spe-
cialists is not established and managed. Performing the procedure under this inappropriate condition may 
cause doctors to inform the procedure as a risk-free intervention to the patients, to get out of the TAVR indi-
cations such as performing the procedure according to the patient’s wish only and to be caught unprepared 
against the complications. 

Here, for highlighting pre-procedural evaluation of the patients and being prepared against the complica-
tions of TAVR, we reviewed the possible complications of the TAVR procedure and described rescue proce-
dures and/or treatment options in case of complications, in the context of the literature. 

VASCULAR COMPLICATIONS
The vascular complications of TAVR may be evaluated under two subheadings.

Minor/major vascular complications
Minor Vascular Complications
Vascular access injuries, those do not cause tissue malperfusion and do not require surgery[3].
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Access sites and approaches for TAVR

Access site Approachs

1- Trans-femoral access Retrograde

2- Trans-subclavian access Retrograde

3- Direct aortic access Retrograde

4- Trans-carotid access Retrograde

5- Trans-apical access Antegrade

Figure 1. Access sites and approaches for transcatheter aortic valve replacement
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CE-marked TAVR valves
Self 
baloon-expandable Access-aproach Valve

Self-expandable Trans-femoral
Trans-femoral

Porticovalve™
(Abbott, USA)

Other design Trans-femoral LOTUSTM 

(Boston Scientific Corp., USA)

Other design Trans-femoral
Direct-aortic

LOTUS EdgeTM 
 (Boston Scientific Corp., USA)

Self-expandable Trans-apical
ACURATE TATM (Boston Scientific Corp., 

USA- Symetis SA, Ecublens, Switzerland)

Self-expandable Trans-femoral ACURATE neoTM (Boston Scientific Corp., 
USA- Symetis SA, Ecublens, Switzerland)

Other design Trans-femoral Direct Flow Medical Transcatheter Aortic Valve 
System (Direct Flow Medical Inc., USA)

Baloon-expandable Trans-femoral, trans-apical
Trans-femoral, Trans-apical

SAPIEN® 
(Edwards Lifesciences, Irvine, CA,USA)

Baloon-expandable
Trans-femoral, Trans-apical

Direct-aortic

SAPIEN XT® 
(Edwards Lifesciences, Irvine, CA, USA)

Baloon-expandable Trans-femoral, Trans-apical
Direct-aortic

SAPIEN 3® 
(Edwards Lifesciences, Irvine, CA, USA)

Other design Trans-apical
JenaValveTM 
(JenaValve, Munich, Germany-JenaValve 
Technology Inc., USA)

Self-expandable Trans-femoral Allegra (NVT GmbH, Germany)

Self-expandable Trans-femoral CoreValve Re Valving SystemTM 

 (Medtronic Plc, Ireland)

Self-expandable Trans-femoral, Direct-aortic
Trans-subclavian

CoreValveTM 

(Medtronic Plc, Ireland)

Self-expandable Trans-femoral, Direct-aortic
Trans-subclavian

CoreValve EvolutTM 

 (Medtronic Plc, Ireland)

Self-expandable Trans-femoral, Direct-aortic
Trans-subclavian

CoreValve Evolut-RTM 
(Medtronic Plc, Ireland)

Self-expandable Trans-apical EngagerTM 

(Medtronic Plc, Ireland) 

Figure 2. CE-marked TAVR valves. TAVR: transcatheter aortic valve replacement



Major Vascular Complications
All other vascular injuries, those cause tissue malperfusion, require blood transfusion over 4 units or surgery.

Heart team has the key role in preventing and/or overcoming major vascular complications. Not only the 
status of aortic valve and device landing zone, a full evaluation including the status of the access-site, access 
artery diameter, its stenosis and/or calcification, sharp angulations and/or tortuosity of the conducting arter-
ies, should be done by using computerized tomography and catheter angiography.

Vascular access-site/device landing zone complications
Vascular Access-Site Complications
Vascular access-site complications are mainly caused by the mismatch of access artery and sheaths of deliv-
ery system. Sex (female), calcification status of the access artery, ratio of the sheath to access artery diameter (> 
1.05)[4] and the experience of the operator were determined as major predictors of vascular access-site com-
plications[5,6]. With the improvements in the delivery systems (decreased diameters), improvements in the 
pre-procedural patient evaluation and increased surgical experience, the vascular access-site complications 
decreased nowadays[7]. Despite all the improvements, if the conducting arteries have sharp angulations, tor-
tuosity or untreated aneurysms, and the conducting artery lumen is narrower than 6 mm with calcifications, 
the trans-femoral, trans-subclavian and trans-carotid accesses are not recommended, instead, trans-apical 
or direct-aortic accesses should be used.

In case of any complication, angiographic evaluation of the artery may be the urgent diagnosis method and 
an acute hypotension without other causes may also support the diagnosis of major arterial injury. Urgent 
endovascular or surgical repair is recommended for treatment.

Device landing zone complications 
Rupture of the device landing-zone is a rarely encountered complication (1%), but has a high mortality risk 
(48%-50%)[8,9]. The presence of severe annular, sub-annular, left ventricular outflow tract calcifications and 
valve over sizing were determined as the predictors of this complication[10]. From the perspective of tissue 
quality, patients older than 90 years, chronic steroid users and immunosuppressed hosts have a higher risk of 
annular injury. Device landing-zone complications such as injury, rupture or dissection of aorta, ventricular 
septal defect and aorto-ventricular fistula are mostly seen in implantation of balloon-expandable valves or 
in balloon dilatation of a self-expandable valve after implantation[11]. Smaller annular area (< 300 cm2) may 
increase the annular rupture due to relative valve oversizing[12]. Also, aggressive oversizing of the prosthesis, 
may decrease significant aortic regurgitation but induce conduction disorders requiring pacemaker implan-
tations[13].

In case of complication, trans-esophageal echocardiography may give critical information about new peri-
cardial effusion or tamponade, aortic root injury and aortic dissection. The occurrence of an acute hypoten-
sion supports the diagnosis. If the problem is only aortic root hematoma with no rupture, hemodynamic 
support with inotropes, reversal of anticoagulation, then transfusion of fresh frozen plasma and close obser-
vation may be enough. Otherwise, if there is rupture, cardiac tamponade occurs frequently and reversal of 
anticoagulation, pericardial drainage or surgical repair are recommended[14].

AORTIC VALVE REGURGITATION
Aortic valve regurgitation is frequently seen after TAVR and can be evaluated under two subheadings.

Paravalvular leak
The incidence of paravalvular leak is 50%-85%. Whilst most of them are mild, moderate and/or severe leaks 
are seen up to 24%[15] that increase the mortality of the procedure up to 4 times in the first year[16,17]. Occur-
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rence of paravalvular leaks can be explained by 3 mechanisms: (1) prosthetic valve-annulus size mismatch; (2) 
inappropriate placement of the prosthetic valve; and (3) incomplete apposition of the stent due to deformed 
native structure.

Aortic root calcification, its degree and geometric distribution are the main factors affecting the native 
structure. Asymmetric and severe calcifications may deform the prosthesis resulting in paravalvular leaks. 
Assessing the aortic root calcification with echocardiographic examination and/or Agatston score, may de-
crease the risk of paravalvular leak[18].

The use of self-expandable valves is a major determinant for significant paravalvular leak. The studies have 
shown that self-expandable valves were associated with moderate-severe paravalvular leak compared with 
balloon-expandable valves (19.8% vs. 12.2%)[19].

Central leak
The incidence of moderate or severe central leak is 4.5%-11.7%[20] and usually occurs due to structural dys-
function of the valve. Central leak can be the result of leaflet restriction or damage, during crimping or im-
plantation as well as over dilatation of the valve[21]. Post implantation dilatation of the prosthetic valve may 
also cause central leak[22].

In case of any complication, aortic root angiography is performed for the quantification of central leak. In-
tra-procedural echocardiography may be performed for determining the severity of leak and the location of 
the prosthetic valve. Increase of left ventricular end-diastolic pressure and decrease of aortic diastolic blood 
pressure also support the diagnosis. If the leak is central, gentle probing of leaflets with a soft wire and/or 
catheter or delivery of a second prosthetic valve may solve the problem. The management of paravalvular 
leaks is controversial. Mild degrees may be clinically followed as they are thought to be not progressive. 
However, more severe degrees of leaks may deserve intervention. Usually, balloon post-dilatation is the first 
option, using a slightly oversized balloon.

Repositioning of the implanted prosthetic valve, delivery of a second prosthetic valve and percutaneus vas-
cular occlusion devices may be the other choices for the treatment. However, in large and high volume leaks, 
for implanting the appropriate device, large sheaths may be needed. Particularly in self-expanding prosthe-
ses, valve struts and calcification of the annulus may complicate the advancement of delivery systems mainly 
when using large sheaths[23]. 

Otherwise, SAVR should be performed for both types of leaks[14].

PROSTHETIC VALVE MALPOSITIONING
Valve malpositioning usually occurs during or just after valve implantation. However, rare delayed migra-
tion cases together with acute heart failure and/or cardiogenic shock have been reported in literature[24]. The 
incidence of the prosthetic valve malpositioning is about 1.3% (CoreValve® 2.3% vs. Edwards SAPIEN® valve 
1.0%[20]. The predisposing factors for the prosthetic valve malpositioning can be listed as: (1) incorrect assess-
ment of the aortic annulus; (2) incorrect implantation of the prosthetic valve; (3) insufficient or early termi-
nation of rapid ventricular pacing; (4) presence of prosthetic mitral valve; and (5) presence of severe mitral 
annular calcification extending to anterior leaflet and left ventricular outflow tract.

In case of any complication, aortography and trans-esophageal echocardiography are performed for evaluat-
ing the position and confirming the malposition or migration of prosthetic valve [Figure 3A and B]. 

Hemodynamic status of the patient, final position and the type of prosthetic valve determine the treatment. 
For self-expandable ones, if the prosthetic valve is still attached to the delivery system, it may be re-captured 
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or deployed to descending aorta. If not, it may be snared in the aortic direction or a second prosthetic valve 
may be implanted as valve-in-valve. For migration of the balloon expandable ones, prosthetic valve may be 
pulled to descending aorta via an inflated balloon inside. In case of unsuccessful bailout maneuvers, urgent 
surgical removal of the prosthetic valve and SAVR should be performed[14] [Figure 4A and B].

CORONARY OBSTRUCTION
The incidence of coronary obstruction is about 0.8% for the procedures which are performed to native aortic 
valve and 3.5% for the procedures which are performed to degenerative bioprosthetic aortic valve[25,26]. The 
risk factors for coronary obstruction may be listed as: (1) low coronary ostium height (< 12 mm); (2) narrow 
sinus valsalva; (3) small sinotubuler junction; (4) low sinus valsalva height (< 30 mm); (5) bulky calcification 
of the aortic valve leaflets; and (6) oversized prosthetic valve. 

Closure of the coronary ostium by the calcific aortic valve leaflets is the most encountered cause of the coro-
nary obstruction[27] and also reported to be more frequent in women and in patients with prior surgical bio-
prosthesis. In the CHOICE trial, two patients belonging to the balloon-expandable valve group had coronary 
obstruction as opposed to none in the self-expandable valve group[28].

In case of complication; coronary obstruction manifests itself with acute hypotension, segment (ST) eleva-
tion, ventricular arrhythmias and/or cardiac arrest. Because of the high hemodynamic collapse risk, an 
emergent aortography or selective angiography to the obstructed coronary artery with stent implantation 
should be performed. The patient may be placed on mechanical circulatory support for allowing the opera-
tors to gain time for intervention. Failure of percutaneous coronary intervention indicates the necessity of a 
coronary bypass grafting operation for the treatment of this complication. 

MYOCARDIAL INFARCTION
The incidence of peri-procedural myocardial infarction is about 1.1% (in transapical approach 1.9% vs. in 
trans-arterial approach 0.8%)[8,20]. The reasons of peri-procedural myocardial infarction can be listed as[29]: (1) 
myocardial ischemia due to rapid ventricular pacing; (2) myocardial ischemia due to hypotension; (3) micro-
embolisms to coronary arteries; (4) compression of the myocardium due to expansion of the prosthetic valve; 
5. trauma to the ventricular apex in the trans-apical approach.

Presence of chest pain and/or shortness of breath, ST changes, pathological Q wave, hemodynamic instabil-
ity, ventricular arrhythmia, new or worsened heart failure, elevated levels of cardiac biochemical markers 

Figure 3. A: An angiographic view of CoreValve® prosthesis before final delivery; B: final position of prosthesis in ascending aorta before 
emergent surgery (solid arrows show the annulus of the native aortic valve and dotted arrows show the sino-tubular junction)

A B
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(particularly CK-MB) in the post-procedural 72 h, detection of the loss of viable myocardium on imaging 
and ventricular wall motion abnormality also indicate the peri-procedural myocardial infarction[3].

In case of such complications, selective coronary angiography and percutaneous coronary interventions 
should be performed. According to the results, medical treatment and/or coronary artery bypass grafting 
operation may be the treatment options.

CEREBROVASCULAR COMPLICATIONS
The incidence of strokes and transient ischemic attacks in a month after TAVR procedure vary between 
3%-7%[30,31]. The majority of these cerebrovascular complications (50%-70%) are seen in the first 24 h after 
the procedure and neither the type of prosthetic valve, nor the access route has any effect over incidence of 
cerebrovascular complications[20]. After the TAVR procedure, in one third of the patients, new onset atrial 
fibrillation may be encountered. The cerebrovascular complications that occur after the first 24 h are thought 
to be related with this new onset atrial fibrillation[32]. Studies revealed that the origin of embolic material 
was usually native aortic valve leaflets or aortic wall[33]. Thus, avoiding frequent aortic balloon dilatation and 
limiting the manipulations of large catheters in the aortic arch, were suggested to reduce the cerebrovascular 
complications[34].

In case of complication, in large ischemic cerebrovascular events, mechanical retrieval of the embolic mate-
rial via catheter may be performed. Otherwise, conservative treatment should be performed[14]. Antiplatelet 
and anticoagulant agents should be used during and after the procedure. In the presence of newly onset 
atrial fibrillation, anti-arrhythmic drugs should also be added to the treatment.

BLEEDING
Life-threatening bleeding
Occurrence in critical areas, development of severe hypotension or shock, decrease of hemoglobin value 
more than 5 g/dL or requirement of red blood cells transfusion more than 4 units, indicate the life-threaten-
ing bleeding.

Major bleeding 
Bleedings that do not meet the life-threatening bleeding criteria but cause the decrease of hemoglobin value 

Figure 4. A: An intraoperative view of migrated CoreValve® prosthesis (solid arrow) through aortic incision at the level of sino-tubular 
junction (dotted arrow). The surgical field is flushed with cold saline solution to soften the rigid nitinol struts of the prosthetic aortic 
valve for smooth extraction through aortotomy; B: an intraoperative view of migrated Medtronic-CoreValve® prosthesis removed from 
ascending aorta

A B
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equal to or more than 3 g/dL and the ones those require 2-3 units of red blood cells transfusion can be de-
fined as major bleeding.

Minor bleeding
All bleedings other than life-threatening and major bleedings can be described as minor bleeding.

Cardiac tamponade due to bleeding to the pericardium is seen in about 3%-4% of the patients who under-
went TAVR and causes high rate of death (24%)[35]. Of the access-site complications, 69% is bleeding and 23%-
31% of them are life-threatening ones. Digestive tract, the retro-peritoneum, and the pleura may be listed as 
the other sources of bleedings. 

In case of such complications, the anticoagulation should be reversed and if needed transfusion of fresh 
frozen plasma and/or red blood cells should be performed. Hemodynamic conditions and hemoglobin levels 
should be stabilized. If feasible, the source of the bleeding should be treated surgically.

CARDIAC CONDUCTION ABNORMALITIES
Conduction system damages are one of the major complications of TAVR and can be listed as: (1) prolonged 
atrio-ventricular (AV) conduction time; (2) AV block; (3) left bundle branch block; and (4) need for perma-
nent pacemaker implantation.

The thickness of the ventricular septum, thickness of the non-coronary aortic cusp, implantation depth of 
the prosthetic valve in the left ventricular outflow tract, post implantation dilatation of the prosthetic valve, 
type of prosthetic valve and pre-existence of right bundle branch block can be listed as the risk factors for 
occurrence of conduction abnormalities[36,37]. The incidence of conduction abnormalities after TAVR varies 
between 5.7%-42.5%[38]. The incidence of AV block varies between 24.5%-25.8% for CoreValve® and 5.9%-6.5% 
for Edwards SAPIEN® valve[39]. Besides the prosthetic valve, manipulation of the guide wires and catheter 
systems in the left ventricular outflow tract may also cause temporary or permanent conduction system 
injuries. Most of the conduction abnormalities occur during the procedure (after the isolated aortic balloon 
valvuloplasty and before the implantation of the prosthetic valve)[40]. New left bundle branch block is the 
most seen conduction abnormality with the rate of 25%-85% for CoreValve® and 8%-30% for Edwards SA-
PIEN® valve[41]. The risk of AV block is higher for CoreValve® due to its self-expandable design and the pos-
sible deeper implantation into the left ventricular outflow tract. For preventing the complications related to 
conduction pathways, patients should be carefully screened for risk factors.

In case of such complications, trans-venous pacemaker implantation with conversion to permanent pace-
maker is the most common treatment option[14]. 

ACUTE RENAL INJURY
The incidence of acute renal injuries after TAVR is about 22% and less than half of them are acute renal 
injuries in stage 2 or stage 3 (8.4%)[42]. The predisposing factors for acute renal injuries can be listed as: (1) 
chronic renal disease; (2) peripheral vascular disease; (3) diabetes mellitus; (4) hypoperfusion during rapid 
ventricular pacing; and (5) aortic plaque embolism in the renal arteries.

In case of any renal complication, the cessation of nephrotoxic drugs and the start of hydration procedure 
should be performed. If needed hemodialysis may be the treatment option.

DEATH
The mortality incidence after TAVR varies between 5%-10%. No significant difference about mortality has 
been reported between the self-expandable and balloon expandable prosthetic valve implantation[2,8]. How-
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ever, significant difference is present between the trans-apical and trans-arterial implantation of the balloon 
expandable prosthetic valve[20]. The cause of death is mostly originated from the heart (75%) and occurs in 
the first 48 h after the procedure. After the first 48 h, non-cardiac reasons are the most encountered ones 
with an incidence of 69%[43]. Whilst heart failure, cardiac tamponade and arrhythmias are the most seen car-
diac reasons; infection, sepsis and stroke are the most seen non-cardiac reasons of death.

CONCLUSION
TAVR procedure is increasingly used all over the world each day. Despite all procedural improvements and 
technical advances, TAVR procedure still has severe complication risks. It seems that the most important 
point of preventing and/or overcoming these complications is having an effective heart team. A good patient 
evaluation by each member of the team, appropriate patient selection, determining the procedural difficul-
ties before the procedure may reduce the complications. Being prepared against the complications, may al-
low the most needed time to perform the rescue attempts and save the patients’ lives.
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