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Aim of review: This paper explains transcatheter aortic valve implantation’s (TAVI) surgi-
cal complications, preventing strategies as well as its anesthetic management and choice.
Methods: By using the following keywords “complication”, “transcatheter aortic valve
implantation” and “anesthesia”, literature for the past decades was searched and reviewed
to identify articles on complications and anesthesia of TAVI.
Recent findings: TAVI is a new minimally invasive interventional surgery. Compared with
the traditional surgery, TAVI doesn’t need to be implemented with cardiopulmonary bypass
(CPB). This operation is preferable to the patients with heart failure, advanced age and other
high-risk factors. But there are still some corresponding complications after TAVI. Some se-
vere complications such as stroke can seriously reduce the quality of patients' life, and the
coronary occlusion can even directly led death of patients. We could also reduce the inci-
dence of some complications by evaluating the patients’ aortic root and choosing the proper
valve.
Summary: This paper mainly reviews the latest research progress of several common or high-
risk complications. For the patients’perioperative safety during TAVI, there are some specif-
ic preventions and treatments to reduce the incidence of the complications. Suitable anesthe-
sia selection and management can also contribute to the low incidence of complications.
(Funded by the Department of Anesthesiology, West China Hospital, Sichuan University.)
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A
ortic stenosis (AS) is one of the most com-
mon cardiac valvular diseases in adults (1).
Calcific aortic stenosis is the main type in

the older patients (2). Patients with calcific aortic
stenosis can keep a long asymptomatic period,
but once the clinical symptom appears, the prog-
nosis is poor just through conservative internal
treatment, and the mortality is higher than 50%
in 2 years (3, 4). Surgical aortic valve replace-
ment (SAVR) may also have a higher risk for
these patients (5). Therefore, in order to reduce

the risk of the operation and improve the pa-
tients’ quality of life, TAVI comes into being. TA-
VI begins rather later in China, and its incidence
of complications is still quite high. The complica-
tions can lead the extension of patients hospital-
ized dates and the growth of the expenses. Some
severe complications such as stroke can seriously
reduce the postoperative quality of patients’ life,
and the coronary occlusion can even directly led
death of patients. For the particularity of TAVI,
there is still no guidelines about anesthesia man-
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agement and selection for this operation. This re-
view mainly summarizes the complications and
prevention of TAVI and introduces the manage-
ment and selection of anesthesia.

Complications and Prevention

Peripheral Vascular Complications
The peripheral vascular complication is one of
the common severe complications after TAVI, in-
cluding vascular injury in puncture point and
vascular path damage, and its incidence is relat-
ed to the operator's experience, the degree of
vascular calcification and the diameter ratio be-
tween sheath pipe and femoral artery (6). This
complication can significantly increase mortality
in patients, and it may lead pseudoaneurysm, ar-
teriovenous fistula, retroperitoneal hemorrhage
and iliac artery dissection (7). Kentaro observed
127 cases of femoral complications following
TAVI, and the incidence is as high as 27% (8).
Kahlert reported 101 TAVI patients (60 cases ad-
opted through femoral artery), including 19 cas-
es of puncture complications, 2 cases of retroper-
itoneal hematoma, 10 cases of iliac / femoral ar-
tery dissection, 3 cases of false aneurysm forma-
tion (9). Alsac reported 3 cases of blood vessel
damage, including 2 cases of main artery dissec-
tion, 1 case of main artery rupture (leading the
patient's death) (10). In order to reduce the inci-
dence of peripheral vascular complications and
choose an appropriate path, we can implement
angiography to evaluate minimum inner diame-
ter of the femoral artery and the extent of calcifi-
cation and distortion before the operation.

Perivalvular Leakage and Valve Bracket Shifting
Perivalvular leakage is the main reason for the
postoperative aortic regurgitation. This compli-
cation can be found in almost all the patients af-
ter TAVI. Most of the perivalvular leakages are
mild without any Symptom, and with the exten-
sion of the postoperative time, it can be obvious-
ly improved. The incidence of moderate perival-
vular leakage is about 20%, and which of severe
perivalvular leakage is about 40%, reasoning out
that the incidence of mild perivalvular leakage is
about 40%. This complication can cause myocar-
dial ischemia, ventricular dysfunction, heart fail-
ure and infective endocarditis. And significant

stent shifting or valve tearing can cause severe
hemodynamic disorder, which need the emergen-
cy treatment (11). Therefore, it is very impor-
tant to choose the proper artificial valve and po-
sition accurately, which can be carried out by
computed tomography (CT) or assessed by the
transesophagus echocardiography (TEE). When
the severe perivalvular leakage occured, the fol-
lowing ways can be taken to reduce valve regur-
gitation (11):

1. the expansion of artificial valve, which is
obvious and is used commonly;

2. inserting a new bracket in the primary one,
which is called “valve-in-valve”;

3. conservative treatments.

Conduction Block
The incidence of conduction block is very high
after TAVI, which can achieve about 40%. Ana-
tomical basis of this complication is that the
atrioventricular node or His-bundle is adjacent
to the aortic annulus (12). Masson, et al. report-
ed, for the mechanical compression of artificial
valve to the cardiac conduction system, the con-
duction block is more likely to occur, and the
possibility of postoperative conduction block is
related to the size of artificial valve and the op-
pressed time (13). The valve type is also related
to the incidence of postoperative conduction
block. Conduction system of CoreValve self-ex-
panding valve (Figure 1) is more likely to be
blocked than Edwards SAPIEN balloon expan-
sion valve system (Figure 2). Because CoreValve
self-expanding valve has a bigger volume, a deep-
er placement in left ventricular outflow and a
bigger radial pressure to the cardiac conduction
system. A large number of studies have also
shown patients with CoreValve self-expanding
valve were more easily to suffer the conduction
block. By observing 53 cases of TAVI patients,
Liang, et al. found CoreValve self-expanding
valve was more likely to experience conduction
block, the incidence was 42% and that of Ed-
wards SAPIEN was just 8% (14). David report-
ed permanent pacemaker implantation rate of
CoreValve self-expanding valve was 35%, while
that of Edwards SAPIEN was just 7%, which
was significantly lower than the former (15). So
for the patients with CoreValve , in order to en-
sure patients’ safety, it is necessary to implant
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Figure 2. CoreValve Self-Expanding Valve.

Figure 1. Edwards SAPIENArtificial Valve.

permanent pacemaker before operation if the pa-
tient complicated with right or left bundle
branch block. For patients with no obvious ab-
normal electrocardiogram (ECG), intraoperative
temporary pacemakers could be removed in 24
hours after the operation (16). For the patients
with Edwards SAPIEN valve, temporary pace-
maker can be removed after operation if the pre-
operative ECG is normal. For the patients, no
matter what kind of artificial valve is implanted,
conduction block can occur in any time, so all
patients needs to be monitored for more than 3
days, especially the ECG (17).

Coronary Occlusion
This complication is rare and its incidence is
about 0.6% - 7%. Once happens, it can lead
acute heart failure, myocardial ischemia and
shock, et al. (18). Coronary occlusion (Figure 3)
is due to that the coronary ostium was obstruct-
ed by native calcified valves (Figure 4) or the
apron like structure in prosthetic valve. Accord-
ing to a study in Canada, symptomatic coronary
occlusion after transcatheter aortic valve place-
ment is a rare but fatal complication. It is more
easily occurs in women, and the left coronary
artery is more likely to be obstructed (19). Pa-
tients with Edwards SAPIEN are more likely to
experience this complication than CoreValve. It
may be associated with two mechanisms: Core-
Valve self-expanding valve has a thinner struc-
ture, which can reduce the incidence of coro-
nary artery occlusion (20); Edwards SAPIEN
works by balloon dilation and the artificial
valve has a higher position, which can shorten
the distance from coronary ostium to aortic an-
nulus (Figure 5) and lead the coronary occlu-
sion easily.

Since this complication can cause serious con-
sequence. TAVI should be implemented in the hy-
brid operating room. Once diagnosed, emergen-
cy measures must be taken, such as emergency
percutaneous coronary intervention (PCI). Sta-
bile reported 4 cases of left coronary obstruction,
who were rescued by implemented emergency
PCI (21). PCI is an effective and urgent measure
to relieve coronary occlusion (Figure 6). If PCI
can’ t be successful for patients, it is necessary to
establish thoracotomy surgery under cardiopul-
monary bypass.

Stroke
The incidence of stroke is 0%-10%, and the inci-
dence of transient ischemic attack (TIA) is about
11% (10). For the friction between guidewire sys-
tem and the vessel wall, it may lead the releasing
of the embolus on the walls of vessels, including
an atheromatous plaque. The high-risk factors of
stroke include a long period of low blood pres-
sure, air embolism, aortic valve embolus, aortic
aneurysm and so on (22). The incidence of this
complication through femoral artery is higher
than that through the apex. Some literature re-
ported the artificial conduction system can get
maximum friction between the aortic arch and
vessel wall, where lies the intracranial vascular
branch. While the friction can significantly be re-
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Figure 3. Angiography Showed the Right
Coronary Obstruction (arrow).

Figure 4. CT Images Showed the Native
Calcified Valves (arrow).

duced through apex, which can lower the proba-
bility of embolus releasing. So transapical ap-
proach can reduce the incidence of stroke after
TAVI (23, 24). In order to prevent stroke, heparin
should be used during TAVI, keeping the activat-
ed clotting time (ACT) 250-300 seconds. Aspirin

and clopidogrel should also be used in 3-6 months
after TAVI to prevent this complication (12).

Acute Kidney Injury (AKI)
AKI is a predictor of mortality after TAVI (25,
26), and it can not only increase the postoperative
mortality, but increase the economic burden. Esti-
mated glomerular filtration rate (eGFR), creati-
nine and blood urea nitrogen, can be used as the
important indicators to evaluate the risk of AKI.
Perioperative hemodynamic instability, inflamma-
tion and contrast can aggravate AKI as the pa-
tients' conditions are poor, complicated with se-
vere aortic stenosis, heart failure and renal vascu-
lar sclerosis (27). History of myocardial infarc-
tion, chronic obstructive pulmonary disease
(COPD), high logistic EuroSCORE, blood trans-
fusion and hypertension are also the high-risk fac-
tors for AKI (21). So far, there is no specific treat-
ment to reduce the incidence of AKI. However,
stable hemodynamics, suitable amount of fluid
therapy, renal perfusion, avoiding the renal toxic
drugs can prevent AKI.

Valve Type Selection

In order to prevent the complications above, it is
is very important to select the proper valve type.
Preoperative evaluation of relevant computer to-
mography (CT) imaging or echocardiogram of
aortic root can guide us to choose the right valve
type. TAVI is still in its beginning stage in China,
and we still lack the experience to choose the ap-
propriate valve. Imaging evaluation methods in-
cluding heart CT and echocardiography can pro-
vide us many important parameters about the aor-
tic root such as a diameter of aortic annulus (28).
CT imaging can help us evaluate the accurate dis-
tance from coronary ostium to the aortic annulus,
but this way is restricted by contrast agent and the
experience of the operator (29). For echocardio-
gram, some doctors reported: the TEE can not
only rebuild the 3d structure of aortic annulus,
but also display the distance from coronary osti-
um to the aortic annulus. Parameters provided by
TEE would underestimate diameter of the aortic
annulus, but the data has a strong consistency
with that from CT, which can still be used as a
good indicator to select artificial valve.

When choosing the proper type of valve, di-
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ameter, perimeter and area of the aortic valve
can be for our reference. When three indicators
are consistent above, we can confirm the valve
type. According to an expert consensus of TAVI
from EAE /ASE in 2011 (30), the distance from
coronary ostium to the aortic annulus can also
be the reference for us to choose the type of
valve. If the distance is 10-11 mm, it suggests
choosing valve of type 23; if the distance is
more than 11 mm, it suggests choosing valve of
type 26; if the distance is less than 8 mm, even
the minimum sizes of type can still lead the coro-
nary occlusion.

Anesthetic Management

Before the operation, ECG, oxygen saturation,
invasive arterial blood pressure and central ve-
nous pressure should be monitored. External de-
fibrillation electrodes, vasoactive agents and so
on should be prepared (31). TEE can help evalu-
ate cardiac function, blood volume and state of
artificial valves (32). The preoperative tempo-
rary pacemaker can not only provide rapid ven-
tricular pacing(RVP), but timely treat atrioven-
tricular block.

The primary goal of anesthetic management is
to maintain stable hemodynamic state during TA-
VI. For the patients with enlarged left ventricle,
we can maintain adequate preload by fluid thera-
py and lower the heart rate (50-70 times /min),
extending the diastolic time, to increase coro-
nary blood flow (33). Before the valve implanta-
tion, blood forward flow of aortic valve should
be reduced to help the artificial valve position
precisely. This can be achieved by RVP, which is
the key step in TAVI. For RVP can increase the
ventricular rate to about 180 times / min (34),
lasting for 5 to 10 seconds, blood pressure crash-
es, which can cause myocardial ischemia. Before
or after RVP, immediate use of vasoactive drugs
to maintain blood pressure can help coronary
blood flow restorated (32).

Anesthesia Selection

Anesthesia selection should be combined with
many factors including basic diseases, patient’ s
safety and comfort. General anesthesia can help
control airway, keep sedation, ensure timely con-

version to thoracotomy, but may increase airway
complications, such as pulmonary infection. For
patients with the poor general condition, this
complication will greatly increase the risk of an-
esthesia (35).

Figure 5. The Distance from Coronary Os-
tium to Aortic Annulus (arrow).

Figure 6. A right Coronary Occlusion Re-
lieved after Emergency PCI (arrows).
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Local anesthesia combined with sedation is an-
other choice, which can be implemented with 4
mg/kg lidocaine subcutaneous infiltration, fentan-
yl, 0.025 to 0.2 ug/kg/min, and propofol, 2 to 5
mg/kg/h via vein pump. The target of sedation is
2-3 scores of Wilson sedation score (36), but this
method can't allow us to implement TEE. Some
doctors recommended thoracic epidural anesthe-
sia, which can avoid intubation, and provide ade-
quate postoperative analgesia. But postoperative
low blood pressure can cause myocardial isch-

emia, and for the use of heparin, it can also lead
thoracic epidural hematoma (37).

Anesthesia selections above have their advan-
tages and limitations. There is no any guideline
or expert consensus for us to select the best anes-
thetic way for the patients, which needs us to do
further research (38).
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