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Percutaneous access to coronary arteries in patients
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Piotr Chodér?, Krzysztof Wilczek?, Roman Przybylski3, Jerzy Nozyhski*, tukasz Wtoch?, Zbigniew Kalarus!

Department of Cardiology, Congenital Heart Diseases and Electrotherapy, Medical University of Silesia, Silesian Center for Heart Diseases,
Zabrze, Poland

23 Department of Cardiology, Medical University of Silesia, Silesian Center for Heart Diseases, Zabrze, Poland

*Department of Cardiac Surgery and Transplantology, Medical University of Silesia, Silesian Center for Heart Diseases, Zabrze, Poland
‘Department of Histopathology, Silesian Center for Heart Diseases, Zabrze, Poland

Adv Interv Cardiol 2019; 15, 3 (57): 274-282
DOI: https://doi.org/10.5114/aic.2019.87880

Abstract

Transcatheter aortic valve implantation (TAVI) is still developing and changing our approach to treating patients with severe
symptomatic aortic stenosis. Aortic stenosis frequently coexists with coronary artery disease. Both diseases have similar risk fac-
tors for their development and one should expect a future progression of coronary artery disease. The current guidelines have
expanded TAVI indications to include intermediate-risk patients, and perhaps they will be expanded to include low-risk patients in
the future. Survival after TAVI in younger patients will depend on the durability of the aortic valves and methods of coronary artery
disease treatment. This paper presents some aspects of performing coronary angiography and percutaneous coronary intervention
in patients who had TAVI performed using the two most popular aortic valves — balloon expandable aortic valves (Edward Sapien/
Edward Sapien XT/Sapien 3) and self-expandable aortic valves (CoreValve/Evolut R) — on the basis of several examples. This paper
also focuses on technical aspects associated with a proper implantation of aortic valves to ensure easy access to coronary arteries,
as well as on possible problems when the implantation is not optimal. We discuss interactions between the structure of the aortic
valve stent, catheters, commissures of new aortic valves, and coronary ostia.
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to the coronary arteries, while some of them make the
access more difficult, depending on the density of the
mesh or the presence of a new commissure at the level
of the coronary ostia.

Some examples of access to coronary arteries after
TAVI procedures used in our material are presented be-
low. In the future, both selection of the valves and/or the
method of valve implantation should be provided to en-
sure free access to the coronary arteries as well as effec-
tive percutaneous treatment of coronary heart disease in
patients after TAVI.

Introduction

Aortic stenosis frequently coexists with coronary ar-
tery disease. Transcatheter aortic valve implantation (TAVI)
procedures are being performed more and more often in
patients with medium and low risk of surgical treatment,
and the patients are younger and younger. In older pa-
tients, coronary heart disease has an ambiguous effect on
the life span in short-term observations [1]. According to
the UK Registry, coronary heart disease may affect the life
span not earlier than after 5 years after the TAVI procedure
[2]. Life expectancy of younger patients after TAVI will de-
pend on the durability of the valve and the access to coro-

nary arteries. There are reports on coronary angiographies Examples

and PCl procedures in patients after TAVI [3-5].
Theoretically some valves (Edwards Sapien, Sapien 3,
Jena Valve, Accurate, Lotus) provide relatively easy access

Example 1

A 76-year-old patient before a TAVI procedure under-
went percutaneous coronary intervention (PCl) of the left
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main coronary artery (LM) with stent implantation to the
LM and left anterior descending (LAD) artery, and a stent
to the ostium of the circumflex artery (Cx). Thirty-two
months after the implantation of the Edwards Sapien XT
26 aortic valve, the patient was admitted to our hospital
for acute coronary syndrome (ACS).

Access to the coronary arteries was easily obtained.
The guiding catheter engaged the orifice of the left cor-
onary artery (LCA) above the stent structure of the pros-
thesis. A critical ostial in-stent restenosis in the Cx was
observed (Figure 1 A, red arrow) and plain old balloon an-
gioplasty (POBA) with a final kissing balloon (Fig. 1 B, red
arrow) was performed using a drug-eluting balloon (DEB)
with a good angiographic result and significant clinical
improvement (Figures 1 C, D, red arrow).

Example 11

Figures 2 A—E show cases of high implantation of Ed-
wards Sapien XT and Sapien 3. High valve implantation
may cause the stent structure to cover the ostium of the
left coronary artery and the sinotubular junction (ST))
(Figures 2 A-E, red arrows). It is likely to result in imped-
ed or almost impossible access to the coronary arteries.
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In other cases, when the aortic bulb is narrow or shallow,
the valve may block access to the coronary ostia even
after optimal implantation.

The position of new commissures opposite the ostia
of the coronary arteries could be an additional impedi-
ment. If the ostia of the coronary arteries are located low,
and the implantation is performed high, it may cause
them to be located below the level of the outer sealing
skirt (Figure 2 B).

Example II1

Coronary angiography in a 79-year-old patient after
TAVI with the CoreValve 29. The patient was admitted
with the symptoms of ACS. Coronary angiography was
performed through the right radial artery. A right coro-
nary catheter (Judkins 3,5-6 F) passed between the valve
stent and aortic bulb to enter an atypical origin of the
right coronary artery (Figure 3 A, red arrow). A Whisper
Extra Support guidewire was used to stabilize the cathe-
ter and to provide proper injection to the right coronary
artery (RCA) (Figure 3 A). Similarly, two Whisper Extra
Support guidewires were used to intubate the left coro-
nary artery with a left coronary Amplatz 1 6 Fr catheter

B

Figure 1. Easy access to the coronary arteries after implantation of Edward Sapien XT 26 valve
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Figure 2. Possible difficulties in access to the coronary arteries after Edward Sapien XT and the Sapien 3 valve
implantation

with difficult anatomy of the coronary arteries
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and to stabilize it (Figures 3 B, C, red arrows). In this case,
the catheter passes through the struts of the aortic valve
stent. Coronary angiography did not show any significant
changes in the coronary arteries.

A multi-slice computed tomography (MSCT) examina-
tion performed before TAVI showed an unusual origin of
the right coronary artery from the left coronary sinus (Fig-
ures 3 D, E, white arrows — the commissure of the native
valve). Both ostia originated high from the sinus (Figures
3 D, F, black arrow — the origin of the LCA).

Example IV

An 84-year-old patient after TAVI with the CoreValve 26,
with renal insufficiency on dialysis, was admitted due to
suspected stenosis of the implanted valve. Due to report-
ed chest pain, a coronary angiography was performed.
Because of the difficulties with intubation of the left
coronary artery with Judkins Left 4 and Amplatz Left 1
catheters, contrast medium was injected non-selectively
(Figures 4 A, B, red arrows). The next figure shows the
position of the coronary catheter inserted inside the
valve stent; however, it is located far from the left cor-
onary artery orifice (Figure 4 B). Intubation of the right
coronary artery orifice failed. The right coronary artery
was non-selectively visualized by contrast injection to
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the aortic bulb through the pig-tail catheter (Figure 4 C
red arrow).

MSCT shows a dense mesh of the CoreValve stent
and it was observed that the struts were located at the
level of the right and left coronary artery ostia (Figures
4 D, E). Furthermore, we can observe difficult conditions
for the intubation of the right coronary artery in the pres-
ence of the valve struts and the unfavorable origin of
the right coronary artery upwards from the aortic bulb
(Figure 4 D). The upper part of the valve stent closely
adhered to the aortic wall, which made it impossible to
perform coronary angiography by passing the catheters
between the aortic wall and the stent struts (Figure 4 D).
The commissure of a new valve is located opposite the
right and left coronary artery and along the stent struts.
It was impossible to selectively intubate the right and left
coronary artery (Figure 4 E, red arrows).

Example V

2.5 months after the TAVI procedure with an Evolut
R 26 prosthesis, an 84-year-old patient was admitted to
our hospital with the symptoms of ACS after fainting. Be-
fore the TAVI procedure, the patient underwent PCl with
drug-eluting stent (DES) implantation to the LM-LAD and
obtuse marginal branch (OM) 1. The patient had multiple

Figure 4. Difficulties in coronary angiography after implantation of the CoreValve 26 prosthesis with unfavor-
able position of the prosthesis
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comorbidities: a history of ischemic stroke, carotid and
lower limb atherosclerosis, diabetes, atrial fibrillation, re-
nal failure, chronic obstructive pulmonary disease (COPD)
and pleural effusion. Due to infection and renal failure,
the coronary angiography was postponed by a few days
to prepare the patient. A Judkins right 3.5 catheter was
introduced to the RCA and a Judkins left 4.0 catheter was
introduced to the LCA in a relatively easy manner, and
the coronary angiography revealed an 80% LAD stenosis
in the proximal segment and 90% narrowing of the distal
OM1 segment (Figures 5 A, B, red arrow). No restenosis
was found in the previously implanted stents. PCI to LAD
was performed using a Judkins left 4.0 guiding catheter
and BMW guidewire with the implantation of the Xience
3.5 x 15 mm stent (Figure 5 C red arrow) with a good
angiographic result (Figure 5 D red arrow). MSCT before
valve implantation shows the coronary artery ostia (Fig-
ures 5 E, F red arrows).

Example VI

The case of an 86-year-old patient with severe aor-
tic valve stenosis and an Evolut R 26 valve implanted
through direct aortic access. The patient died 6 days af-
ter the procedure due to multi-organ failure and hemor-
rhagic complications. The access to the coronary arteries
was examined post-mortem and X-ray examination was
performed in two perpendicular views.

A B

It was found that the new commissures of the Evo-
lut R valve (Figure 6 C, D black arrows, Figure 6 E white
arrows) were located just opposite the coronary ostia
(Figures 6 C-E red arrows). The probe entered the left
coronary artery, passed diagonally to the aortic bulb,
while the probe which entered the right coronary artery
did not pass through the stent struts of the Evolut R pros-
thesis (Figure 6 C-E). As can be seen in the image from
post-mortem examination and in the X-ray image, the
space between the stent struts and the bulb is minimal
(Figures 6 A, B, F). The origin of the right coronary artery
is directed upwards (Figures 6 A, B, F). Additionally, the
high level of valve implantation could cause the ostium
of the right oronary artery to be localized below the outer
sealing skirt (Figure 6 F black two-sided arrow).

For these reasons, we can predict that maneuvering
the catheters would be very difficult. Due to the location
of commissures of the prosthesis opposite the coronary
ostia, oblique direction of the probe from the left coro-
nary artery, and difficult origin of the right coronary ar-
tery, the performance of coronary angiography through
the stent struts would be very difficult or impossible.

Discussion

TAVIis a dynamically developing method for the treat-
ment of aortic stenosis. Good results obtained using this
method allowed TAVI indications to be expanded to treat

Figure 5. Easy access to the coronary arteries after Evolut R 26 valve implantation
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Figure 6. Difficult access to the coronary arteries resulting from their unfavorable anatomy and position of the
implanted valve

intermediate-risk patients according to the 2017 guide-
lines of the ESC [4]. Further spread of TAVI indications in
terms of age will depend on the outcome of long-term
observations concerning the durability of the aortic valve
and, therefore, the possibility of using them in younger
patients. A high proportion of patients with coronary ar-
tery disease among TAVI patients, as well as similar risk
factors for coronary artery disease and aortic stenosis,
will probably lead to the situation in which not only aortic
valve durability, but also effective invasive treatment of
coronary artery disease after TAVI, will be of great sig-
nificance in terms of survival. There are few reports on
the access to coronary arteries after TAVI. Blumenstein
et al. reported coronary angiography and PCl in 35 out of
1000 patients who underwent TAVI [6]. In 15 patients in
whom aortic valves were implanted below the coronary
ostia (Sapien and JenaValve), coronary angiography could
be performed using standard catheters. In the remaining
20 patients in whom aortic valves were implanted and
covered coronary ostia partially or completely (CoreValve,
Acurate, Portico), selective coronary angiography could
not be performed in 9 patients, whereas full access could
only be obtained in 3 patients. Boukantar et al. presented
problems with coronary angiography related to the pres-
ence of prosthesis. They reported that selective coronary

Advances in Interventional Cardiology 2019; 15, 3 (57)

angiography after CoreValve implantation was successful
in only 9 out of 16 patients [7].

In the study presented by Htun et al,, selective angi-
ography of the left coronary artery was possible in 97%
of cases (42/43), and angiography of the right coronary
artery was possible in 90% of cases (29/32). Successful
PCl was performed in 25 patients [8]. Allali et al. evaluat-
ed the PCl procedures after TAVI using the CoreValve. PCI
was performed in 17 patients and was successful in 16 of
them. It was unsuccessful in one patient with STEMI and
the patient died [3]. Zivelonghi et al. performed coronary
angiography in 66 patients; in 98% of cases (65/66) it
was selective angiography, and in one coronary angiogra-
phy was non-diagnostic due to high implantation of the
Evolut R valve. In 17 patients PCl was effective [9].

On the other hand, there were no considerable diffi-
culties with access to coronaries in another prospective
study. Pesarini et al. conducted a prospective study on
the evaluation of the significance of stenoses prior to
and after TAVI in patients with severe aortic stenosis and
coexisting coronary artery disease [10]. They evaluated
the possibility of using the fractional flow reserve (FFR)
technique during coronary angiography prior to and after
TAVI, as well as the results of such measurements. Core-
Valve or Evolut R aortic valves were implanted in 14 out of
57 patients, whereas Sapien 3 was used in the remaining
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43 patients. FFR measurements could not be performed
inonly 1 (1.8%) patient after TAVI due to difficulties with
performing selective coronary angiography. They also ar-
gued that it is more beneficial to perform FFR tests after
TAVI due to their higher reliability. Therefore, access to
coronary arteries after TAVI is of even higher importance.

Post-TAVI access to coronary arteries should be sim-
ple and easy. In acute coronary syndromes, it is the inter-
vention time that is of particular significance. Boukantar
et al. proved that performing coronary angiography after
TAVI procedures is more complicated and related to lon-
ger duration of fluoroscopy, higher dose area product and
higher use of contrast medium [7]. Procedures after TAVI
are related to a higher number of diagnostic catheters,
guidewires and guide extension catheters used.

This paper presents examples of both easy and diffi-
cult accesses to coronary arteries. Factors that affect the
access to coronary arteries are shown in Table I. When
the implantation using balloon expandable aortic valves
is performed, access to coronary arteries is generally
easy. It depends on the implantation at an appropriate
level in relation to the aortic annulus and coronary ostia.
Our examples of proper implantation showed that it is
possible to perform coronary angiography and complex
PCl easily in a patient who received the Edwards Sapien
XT/Sapien 3 aortic valve. We also demonstrated that in
too high implantation, access to the coronary arteries can

be difficult. Katsanos et al. reported that after Edwards
Sapien aortic valve implantation, the prosthesis com-
pletely covered the orifice of the left coronary artery in
2.2% of the patients (3 out of 142), whereas it completely
covered the orifice of the right coronary artery in 7.7% of
the patients (11 out of 142). PCl had to be performed in
3 patients, and it was successful in all 3 cases [11].
Balloon expandable aortic valves cannot be reposi-
tioned; therefore, all efforts are focused on their position-
ing during the implantation, as it is in the case of the lat-
est aortic valve delivery system — the Sapien 3 Edwards
Commander Delivery System. According to Katsanos
et al,, too high implantation may be encountered rather
frequently, so in 33.6% of the patients the aortic valve
stent covers at least 1 mm of the orifice of the left coro-
nary artery, whereas it covers at least 1 mm of the orifice
of the right coronary artery in 46.3% of the patients [11].
Positioning of new commissures in front of the coronary
ostia constitutes another important factor. This may be
important in cases when the aortic valve is implanted
high. This problem was noted by Blumenstein et al. [12].
They developed a method for implanting the Edwards Sa-
pien aortic valve transapically using the DynaCT system,
and visualizing commissures of the native and implanted
valves so that the commissures overlapped after implan-
tation. Fuchs et al. studied the commissural alignment
of the implanted valve in relation to native commissures

Table I. Factors influencing impediment of access to coronary arteries

Factors influencing impediment of access to coronary arteries

Anatomical

Sinotubular junction dimensions

Height of the aortic bulb

Width of the aortic bulb

Take-off height of the coronary arteries

Difficult take-off of the coronary arteries (for example upwards)

Abnormal take-off of the coronary arteries

Length of the native valve leaflet, leaflet

Volume and calcification of the native valve

Dependent on the valve Valve type

Self-expanding

Balloon-expandable

Mechanically expandable

Density of structural elements of the stent opposite the coronary artery orifice

Sealing skirt height

Implantation process Implantation height

Orientation within the space of valve commissures

Implantation type

Implantation into the native valve

Valve-in-Valve

TAVI-in-TAVI
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after TAVI and surgical aortic valve replacement (SAVR).
In 96% (27/28) of the patients the valve was aligned in
relation to the commissures after SAVR, and in the case
of the TAVI procedure, as many as 53% of the patients
showed moderate or severe misalignment of the com-
missures. This means that in more than a half of the pa-
tients, regardless of the valve used, conditions impeding
access to the coronary arteries were present [13].

In the case of self-expandable aortic valves based on
a Nitinol stent, the mesh constituting the stent, which is
of various density, depending on the type of aortic valve
(CoreValve, Evolut R, Portico), poses some difficulties in
positioning catheters or guidewires for coronary angi-
ography, and in some cases, selective insertion into the
orifice of a coronary artery is impossible. Another factor
that hinders the performance of coronary angiography
and PCl for this type of aortic valve is the position of the
new commissures, which may be located in front of the
coronary ostia [13]. Due to anatomical differences in
the location of the bulb, its displacement, as well as the
use of various access routes, so far there has been no
reliable method for implanting the aortic valves in such
a way that the native aortic valve leaflets were located
in front of the implanted aortic valve leaflets and the na-
tive aortic valve commissures and implanted aortic valve
commissures overlapped. This is of particular importance
in the case of a prosthesis with leaflets mounted above
the annulus. In the Evolut R and CoreValve prosthesis,
the method for the positioning of a delivery system at
an angle of 45° is imprecise when transfemoral access
is used, due to the differences in the orientation of the
aortic bulb in individual patients. When it comes to other
access routes, the method for the positioning of a deliv-
ery system to locate the native aortic valve leaflets and
commissures as well as the implanted aortic valve leaf-
lets and commissures in front of each other has not been
determined.

Finally, the performance of coronary angiography and
PCl may be hindered by limited aortic root space after
a new aortic valve implantation and different locations
of coronary ostia. The performance of coronary angiog-
raphies and PCls in patients after the Valve-in-Valve and
TAVI-in-TAVI procedures will be an even bigger challenge.
The Valve-in-Valve implantation creates a new problem.
Before the implantation of the biological prosthesis, the
cardiac surgeon cuts out the native valve leaflets and ori-
entates the new valve usually according to the commis-
sures of the native valve. In the event of deterioration
of the biological prosthesis, valve implantation using the
TAVI method (Valve-in-Valve) may cause the prosthetic
valve leaflets to deflect outside and be covered by the
stent mesh of the valve implanted by TAVI. The stent
mesh and the deflected leaflets of the biological prosthe-
sis will make the access to the coronary arteries difficult.
Valve-in-Valve implantation alone poses a threat of sud-

Advances in Interventional Cardiology 2019; 15, 3 (57)

Piotr Chodér et al. Coronary angiography after TAVI

den occlusion of the coronary arteries with a frequency
of approx. 2.3% and a high mortality rate of up to 48.6%
[14]. Attempts are made to solve this problem through
the percutaneous laceration of the biological prosthesis
leaflets during the procedure called BASILICA [15]. The
experience in performing coronary angiography after
Valve-in-Valve is limited. Even greater problems with ac-
cess to the coronary artery can be encountered in the
case of TAVI-in-TAVI procedures. In these cases, there
usually is a double layer of the stent and between them
the deflected leaflets of the first valve implanted by TAVI.
The first experiments in these cases using the BASILICA
method are described.

Our paper deals with some of these aspects. The mat-
ter of access to coronary arteries requires further obser-
vations and experience. Close attention should be paid
to the technique of valve implantation, the implantation
level, and the orientation in the space of the leaflets of
a newly implanted aortic valve. The development of new
aortic valve models may provide easy and reliable access
to coronary arteries for coronary angiography and PCl af-
ter TAVI.
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