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Abstract

The optimal periprocedural imaging strategy during transcathether aortic valve Key Words
replacement (TAVR) performed under moderate sedation is debated. Transthoracic » transcatheter aortic valve
echocardiography (TTE) provides suboptimal views due to poorer resolution and patient replacement
positioning, whereas use of transesophageal echocardiography (TEE) under moderate > transesophageal

sedation is not widely utilized. The aim of our study was to compare the value of TTE echocardiography

in comparison with TEE guidance under moderate sedation during TAVR. The study
population included 144 consecutive patients (mean age 83+ 11 years, 78 (54%) females)
who had TAVR under moderate sedation using either a TTE (n=96) or TEE (n=48). We
compared procedural outcomes using propensity score matching. There were no significant
inter-group differences in age, sex, ejection fraction, aortic valve area, pressure gradients,
creatinine or type of valve used. The procedural time was significantly shorter in the TEE
group (P<0.001) and associated with a lower need for periprocedural aortograms (7.7 +1.9
vs 8.2+1.9, P=0.022) and a lower occurrence of acute kidney injury (1 vs 11, P=0.047). The
1:1 propensity score matching also showed a lower procedural time (P=0.032), number

of aortograms (P=0.014) and a trend toward lower acute kidney injury in the TEE group
(P=0.077). TAVR guidance using TEE is associated with a lower fluoroscopic time, a lower
need for additional aortograms and trend in lower occurrence of post-TAVR acute kidney
injury.

» aortic stenosis

» transthoracic
echocardiography
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Introduction

Transcatheter aortic valve replacement (TAVR) represents
a less invasive alternative to surgical aortic valve
replacement (SAVR) in high-risk symptomatic patients
with severe aortic stenosis (1, 2, 3, 4). The role of
periprocedural transesophageal echocardiography (TEE)
in patients undergoing TAVR is valuable for confirming
annular size, guiding procedural steps and for early
and precise determination of hemodynamic outcomes
and periprocedural complications (5). In contrast to
TEE, the use of transthoracic echocardiography (TTE)
periprocedurally during TAVR is cumbersome for optimal
decision making because of limited image quality due to
supine positioning, suboptimal imaging of the aortic root
and ascending aorta for early detection of complications
and the presence of the C-arm, which obviates continuous
visualization. Additionally, periprocedural TTE views aimed
at assisting the interventionalist during the procedure
may expose the imaging operator to increased radiation
(6, 7). Intraprocedural TEE is undertaken in many centers
with the use of general anesthesia (GA) and endotracheal
intubation (ET), which may be associated with increased
anesthesia times and longer post-TAVR recovery period (8,
9, 10). An alternative strategy is the use of goal-oriented
TEE undertaken under monitored anesthesia care (MAC)
to provide sedation and analgesia without ET and GA (10).
The first human case description of a percutaneous aortic
valve implantation was undertaken with mild sedation,
local anesthesia and TEE imaging undertaken within
30 min post procedure (11). Guidelines for conscious
sedation are utilized in numerous echocardiography
laboratories, and we and other studies have shown that
the TAVR procedure performed under MAC is associated
with earlier recovery, shorter procedure times and shorter
hospital stay (12, 13, 14). There is currently a trend in TAVR
procedures to undertake a ‘minimalist approach’ in order
to reduce patient length of stay and hospital costs (15).
However, there is limited information on the feasibility
and benefits of using TEE during TAVR under MAC. In
the present study, we hypothesized that the use of goal-
oriented continuous TEE under MAC provides superior
periprocedural guidance, which can reduce procedure time
and the need for repeated aortograms in comparison with
discontinuous TTE guidance during TAVR procedures.

Methods

We retrospectively analyzed 144 consecutive patients who
underwent TAVR under MAC between September 2012
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and October 2015 for whom clinical, procedural, imaging
and outcome data were assessed. The study was approved
by the local ethics committee of the institution.

The TAVR procedure was undertaken with surgical
backup via a transfemoral approach using either the
CoreValve or Edward Sapiens Valves. All TAVR patients
underwent cardiac and abdominal CT evaluations prior
to the procedure in order to aid in device size selection.
Fluoroscopy was used in all cases in order to guide
prosthetic valve insertion. An aortogram was undertaken
after valve deployment in order to assess aortic
regurgitation (AR) post placement and post percutaneous
valve dilatation. The following periprocedural data were
collected for all patients and were compared between
groups: the total procedure time, post-procedural total
ICU time, post-procedural length of stay in hospital and
in-hospital death.

The TAVR procedure was undertaken with either TTE
or TEE. The decision for TTE or TEE was based upon the
presence of an attending anesthesiologist during TAVR
who had familiarity, comfort and expertise in managing
MAC with TEE. Images were acquired using a Vivid 9
imaging platform (GE-Vingmed, Horton, Norway) and
Arietta 60 imaging platform (Hitachi Aloka, Tokyo, Japan).
All imaging procedures were performed according to the
guidelines of the American Society of Echocardiography
(ASE). During the echocardiographic guidance, digital
gray-scale 2D and pulsed-wave Doppler
echocardiography were recorded to assess myocardial
function, periaortic and valve geometry
(Fig. 1). Paravalvular AR (PAR) was distinguished from
central AR. Central AR was quantified by incorporating
the vena contracta width and jet height based on
the American College of Cardiology/American Heart
Association valvular guidelines (16). PAR was evaluated
using the parameters proposed in the Valve Academic
Research Consortium-2 (VARC-2) recommendations and
categorized as absent/none, trace, mild, moderate and
severe, based on the Unifying Grading Scheme Proposal
(17). Valvular insufficiencies were graded according to
ASE/European Association of Cardiovascular Imaging
(EACVI) guideline recommendations (18).

All outcome data and in-hospital complications
were collected in accordance with the transcathether
valve therapy registry guidelines and codes including the
in-hospital occurrence of cardiac complications, bleeding,
arrhythmia, structural complications and device success.
Acute kidney injury (AKI) was also assessed in both groups
as defined in the VARC-2 criteria (19, 20). Stage 1 AKI
was defined as a 1.5-1.99 increase compared to baseline,
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Figure 1

Periprocedural imaging in

TTE images undertaken during TAVR periprocedural guidance (A and B). Parasternal long axis views and apical views of the aortic valve. (C) Limited
assessment of the aortic root shown. TAVR, transcathether aortic valve replacement; TTE, transthoracic echocardiography.

stage 2 was defined as 2-2.99 increase compared with
baseline and stage 3 as a three-fold increase compared with
baseline or creatinine (Cr) >4 mg/dL or dialysis (19, 20).
Categorical variables number
(%) and were compared using X2 test or Fisher’s exact
test. Continuous variables are expressed as meanzs.p.
(mediants.k.) and were compared using the unpaired
Student f-test if the variables were normally distributed
and Mann-Whitney U test if the variables were not
normally distributed. Distribution normality was checked

are expressed as

using the Kolmogorov-Smirnov test. In order to overcome
the differences between the TEE and the TTE groups in
terms of baseline clinical and demographic characteristics,
a 1:1 propensity score matching analysis was additionally
undertaken. The propensity score was calculated using a
logistic regression analysis with the dependent variable
being the type of imaging procedure and the independent
covariates being the following baseline clinical and
demographic variables: age, gender, BMI, diabetes,
hypertension and presence of chronic lung disease. A
1:1 propensity score matching was undertaken using
the nearest neighbor classification with the Euclidean
measure of distance. All analyses were performed with a
commercially available software (SPSS version 21.0; SPSS)
A P value of <0.05 was considered statistically significant.

Results

The study included 144 patients who underwent TAVR
(48 patients had TEE periprocedural guidance and 96
patients had TTE guided procedures). Table 1 summarizes
the baseline demographic and clinical data in both study
groups. There was no statistically significant difference

between patients who underwent TEE- and TTE-guided
TAVRs with regard to age, sex, BMI, Society of Thoracic
Surgery (STS) risk score, diabetes, hypertension, chronic
lung disease, prior ischemic heart disease, stroke or
peripheral arterial disease (Table 1).

Table 2 summarizes the comparison between both
groups with regard to procedural parameters. Device
success was found in all cases but one (47 (98%)) in
the TEE group and in 90 cases (94%) in the TTE group
(P=0.273). It was found that the total procedure time
was significantly lower in the TEE vs TTE-guided TAVRs
expressed as meanzs.p. (medianzs.k.), (136.6+66.2
(118£9.5) vs 151.1+£40.5 (142+4.1) min, P<0.001,
Table 2). In addition, the TEE-guided procedures
showed a significantly lower fluoroscopy time (20.4+9.2
(21+0.8) vs 22.5£7.8 (18+1.3) min, P=0.021), and
lower number of aortograms per procedure (7.7+1.9
(7£0.3) vs 8.2£1.9 (8+0.2), P=0.022). However, there
was no significant difference between the groups with
regard to length of stay in hospital (5.0+£2.9 (4+0.3),
6.33+£8.7 (4+1.26) days, P=0.173, Table 2) or the post-
procedural time of stay in the ICU (67.2+30 (66+3.1)
vs 88.9+104.6 (50+£15.1) hours, P=0.927, Table 2).
Moreover, there was no statistical difference between
both groups with regard to post-TAVR AR (0 (0%) vs §
(8%), P=0.127, Table 2). The analysis also showed that
there was less occurrence of AKI post TAVR in the TEE
group (1 (2%) vs 11 (23%), P=0.047)). Periprocedurally,
there were three TAVR-related complications in the
TEE group that were detected early and managed
successfully. This included a case of aortic annular
hematoma that was detected, and the patient survived
after undergoing surgical repair (Fig. 2), ascending aorta
dissection which underwent subsequent open surgical
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Table 1 Baseline clinical and echocardiographic characteristics.
Characteristic TEE (n=48) TTE (n=96) P value
Age (years) 83.8+8.3(85+1.19) 83.0+11.7 (84.8+1.2) 0.673
Female sex (no. (%)) 24 (50) 54 (56) 0.478
STS score 8.2+6.7 (6.6+0.97) 7.9+4.6 (6.8+0.46) 0.738
BMI (kg/m2) 26.5+5.4 (26.2+0.79) 27.1+£6.1 (26.4+4.5) 0.443
Diabetes (no. (%)) 19 (40) 29 (30) 0.260
Hypertension (no. (%)) 48 (100) 93 (97) 0.216
Chronic lung disease (no. (%)) 0.674

None 27 (56) 54 (56)

Mild 8(17) 11(11)

Moderate 8(17) 15 (16)

Severe 5(10) 16 (17)
Prior myocardial infarction (no. (%)) 1(2) 8 (8) 0.144
Prior atrial fibrillation/flutter (no. (%)) 7 (15) 22 (23) 0.240
Cerebrovascular disease (no. (%))

Prior stroke 3(6) 8(8) 0.657

Prior TIA 3(6) 5(5) 0.797
Peripheral vascular disease (no. (%)) 8(17) 11(11) 0.425
Pre-procedural creatinine (mg/dL) 1.4+£1.1 (1.1+0.16) 1.3+0.84 (1.1+0.1) 0.537
Pre-procedural creatinine >2 (mg/dL) (no. (%)) 6 (13) 6 (6) 0.201
FEV, 81.9£19.1 (84+2.8) 80£26.7 (79.5+2.8) 0.503
Prior CABG (no. (%)) 8(17) 20 (21) 0.551
Echocardiographic findings

Aortic valve area (cm?) 0.7+0.1 (0.7+0.02) 0.7+0.1 (0.68+0.01) 0.112

Mean aortic valve gradient (mmHg) 41+14 (42+1.8) 43+12 (42+1.2) 0.283

Mean LVEF (%) 61+£14 (65x2.1) 57.6x13 (61+1.35) 0.051*

Moderate or severe MR (no. (%)) 6(13) 14 (15) 0.733
AS subtypes (no. (%))

NF/NG 25 (52) 58 (60) 0.492

NF/LG 15 (31) 12 (13) 0.004

LF/NG 3(6) 13 (14) 0.189

LF/LG 4 (8) 13 (14) 0.362

Continuous variables are expressed as mean +s.p. (median %s.t.).

*Comparison was made by Mann-Whitney U test as parameters were not normally distributed.
CABG, coronary artery bypass grafting; FEV1, forced expiratory volume in one second; LF, low flow; LG, low gradient; LVEF, left ventricular ejection fraction;
MR, mitral regurgitation; NF, normal flow; NG, normal gradient; TEE, transesophageal echocardiography; TIA, transient ischemic attack; TTE, transthoracic

echocardiography.

repair and a case of device migration that was snared
into the descending aorta and treated with a second
valve. In one additional case, the use of intraprocedural
TEE allowed improved visualization of a large amount
of calcium deposit on the aortic annulus (Fig. 3); thus,
pre-deployment balloon dilatation was interrupted as
soon as the calcific spur from aortic leaflet tissue was
seen to indent the aortic and left atrial wall. This was
in contrast to TTE use periprocedurally, which often
provided limited assessment of the aortic root. The
visualization of aorta and aortic root was important
for procedural guidance. For example, the patient
who developed aortic root hematoma (Fig. 2) also had
severe paravalvular regurgitation. The root hematoma
was not identified on angiography and the TEE
information avoided post valve deployment balloon
dilatation. A calcific valve spicule was identified
at surgery to have caused a aortic root hematoma.

The valve and aortic root was surgically repaired and
the patient recovered completely following surgery.
There was one case of a pericardial effusion and tamponade
that occurred in a patient in the TTE group and was only
detected on the second day after the TAVR procedure.
The transvenous pacing wire had perforated through
the right ventricular wall and was not detected during
the TTE performed during the procedure. On the second
day when the transvenous pacing wire was removed, the
patient developed tamponade and required emergent
pericardiocentesis and pericardial drain placement.

A 1:1 propensity score matching analysis resulted in
the matching of 39 cases in each group. Comparisons
were rechecked for these cases and can be found
summarized in Table 3. It was found that the favorable
differences in the TEE group persisted with regard to the
total procedural time and the aortograms but not for
post-procedural AKI (P=0.077). A total of four cases of
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Table 2 Procedural data.

Procedural data TEE (n=48) TTE (n=96) P value
Total procedure time (min) 136.6+66.2 (118+9.5) 151.1+£40.5 (142+4.1) <0.001*
Length of stay in hospital (days) 5.0+2.9 (4+0.3) 6.33+8.7 (4+1.26) 0.173*
ICU stay (h) 67.2+30 (66x3.1) 88.9+104.6 (50+15.1) 0.927*
Fluoroscopy time (min) 20.4+9.2 (21+0.8) 22.5+7.8(18+1.3) 0.021*
Change in creatinine (mg/dL) —0.13+0.35 (-0.1£0.05) 0.002+0.74 (-0.04+0.08) 0.045*
AKI occurrence (no. (%)) 1(2) 11(11) 0.047
Aortograms (no.) 7.7£1.9(7+0.3) 8.2+1.9(8+0.2) 0.022*
Post-TAVR AR (significant) (no. (%)) 0 (0) 5(5) 0.127
Device success (no. (%)) 47 (98) 90 (94) 0.273

Continuous variables are expressed as mean +s.0. (median %s.t.).

*Comparison was made by Man-Whitney U test as parameters were not normally distributed, AKI occurrence as per VARC-2 criteria.
AKI, acute kidney injury; ICU, intensive care unit; TAVR, transcathether aortic valve replacement; TEE, transesophageal echocardiography; TTE, transthoracic

echocardiography.

TIA or stroke noted in the TEE group compared to O cases
in the TTE group (P=0.011) (Table 4). This difference was
also not seen after propensity score matching analysis
(P=0.240).

Discussion

We retrospectively compared the use of TTE guidance
during TAVR with goal-directed TEE in two patient
subgroups. All cases in our study were undertaken with
MAC thus avoiding the need for GA and the adverse
effects of intubation and deep sedation. In order to
reduce selection bias, we undertook 1:1 propensity score
matching accounting for baseline and clinical variables as
the independent covariates and using the nearest neighbor
classification. Our study suggests that TEE guidance
during TAVR is associated with reduced fluoroscopic time,

lower need for additional aortograms and was associated
with less procedural AKI.

TAVR procedures have improved the management of
patients with severe AS, particularly patients at extreme or
high risk from SAVR. Questions remain with regard to the
optimal periprocedural imaging modality used during the
TAVR procedure. Proponents of using routine TEE during
TAVR have cited the use of TEE in the PARTNER trial where
pooled 30-day mortality rates were significantly lower
than multicenter registries (3.8 vs 9.2%) (21). In addition,
the use of TEE monitoring was found to be a protective
factor against both early and late mortality in a Brazilian
multicenter registry of 18 centers (22). One of the central
arguments against the use of TEE during TAVR is the need
for GA during the TEE procedure. In this regard, TEEs with
moderate sedation, which are successfully performed in
clinical practice for procedures like percutaneous balloon
mitral commisurotomy could be adapted to TAVR and

Figure 2

Post-TAVR aortic trauma diagnosed by TEE under MAC. TEE showing aortic root hematoma with moderate paravalvular regurgitation in an 80-year-old
patient peri-TAVR procedure (A, B and C). The patient was taken urgently to the operating room for open repair and was successfully discharged home
post recovery. MAC monitored anesthesia care; TAVR, transcathether aortic valve replacement; TEE, transesophageal echocardiography.
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Figure 3

Periprocedural imaging in
TAVR

TEE images undertaken during TAVR periprocedural guidance (A and B). Improved visualization of the left ventricular outflow tract, aortic root and
aortic valve shown with TEE. (C) Large amount of calcium seen in the aortic annulus. In this case, pre-deployment balloon dilatation was averted due to
the amount of calcium. TAVR, transcathether aortic valve replacement; TEE, transesophageal echocardiography.

may have advantages in optimizing procedural guidance
(23, 24, 25, 26, 27).

The occurrence of renal failure in TAVR is multifactorial
and can be related to iodinated contrast, hypotension
during rapid pacing and calcific or
embolization to the Kidneys intra-procedurally (28).
Other predictors of AKI post TAVR include periprocedural
life-threatening bleeding, hypertension and chronic
obstructive pulmonary disease (29, 30). A study assessing
the occurrence of AKI in 386 post-TAVR patients as
defined by VARC-2 criteria revealed that AKI occurs in
as high as 27.5% (22% in stage 1, 1.6% in stage 2 and
3.9% in stage 3) (31). Of these, 7 (1.2%) patients needed
chronic renal replacement therapy at 6 months (31).
Given the high occurrence of AKI post TAVR, there is a
need for optimization of patients with chronic renal
insufficiency as well as optimization of the procedure to
limit renal injury. Previous studies have compared the use
of TEE vs fluoroscopy alone during TAVR and have found
a significant reduction in the amount of contrast used
periprocedurally in the TEE group (30). Ferrari et al. report
a series of 30 consecutive patients undergoing transapical

atheromatous

TAVR implantation without angiography and with the use
of TEE alone (32).

Our analysis also showed that there was a trend in
higher AKI with the TTE procedure compared to TEE
guidance. This trend was associated with a statistically
significant increased use of aortograms in the TTE group
(P=0.014). This is in keeping with previous studies that
have shown a significant decrease in the amount of
contrast during TAVR when using TEE vs fluoroscopy
(12 (5-20) mL vs 40 (20-50) mL, P<0.0001); however, to
our knowledge, this is the first direct comparison of TEE
and TTE guidance (33).

An important concern during TAVR procedures
is the radiation exposure to the patient and medical
personel. The exposure dose increases with fluoroscopy
time and shorter distance to the Xray beam. An operator
undertaking a TTE intraprocedurally on the left side of
the patient close to the Xray tube may be exposed to
significantly higher radiation. The amount of scatter
radiation from a lateral C-arm can be as high as four
times greater on the side where the Xray tube is located
(7). Additionally, TTE imaging may require the hand of

Table 3 Propensity score matching analysis.

Procedural data TEE (n=39) TTE (n=39) P value
Total procedure time (min) 142.2+71.0 (120£11.3) 149.0+£40.0 (142+6.4) 0.032*
Change in creatinine (mg/dL) —0.13+0.40 (-0.08 +0.06) 0.001+.93 (-0.05+0.15) 0.229*
AKI occurrence (VARC-2 criteria) (no. (%)) 1(3) 5(13) 0.077
Aortograms (no.) 7.7+2.1(7+0.33) 8.6+1.9(8.5+0.32) 0.014*
ICU stay (h) 99.5+128 (50+20.5) 70.0+£30 (71+5) 0.519*
Length of stay in hospital (days) 6.2+8.1(4+1.3) 5.4+3.2 (4x0.5) 0.127*

Continuous variables are expressed as mean +s.p. (median %s.t.).

*Comparison was made by Man-Whitney U test as parameters were not normally distributed, AKI occurrence as per VARC-2 criteria.
AKI, acute kidney injury; TEE, transesophageal echocardiography; TTE, transthoracic echocardiography.
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Table 4 Acute procedural TAVR complications (includes post-operative day 0 and post-operative day 1).

Complications TEE (n=48) TTE (n=96) P value
Deaths (no. (%)) 2 (4) 0 (0) 0.110

GU bleed (no. (%)) 0(0) 1(1) 1.000

Access site complications (no. (%)) 0 (0) 4 (4) 0.301

Pacemaker (no. (%)) 1(2) 7@7) 0.269

ICD (no. (%)) 0 (0) 1(1) 1.000

Major vascular complications (no. (%)) 1(2) 1(1) 1.000

Atrial fibrillation (no. (%)) 0 (0) 1(1) 1.000

Stroke/TIA (no. (%)) 4 (8) 0(0) 0.011

Comparisons were done using the Fisher exact test.

ICD, implantable cardioverter defibrillator; TAVR, transcathether aortic valve

echocardiography.

the operator to be close to the cardiac apex. Studies have
shown that this position is associated with a much higher
amount of radiation, particularly to the hand. In one study,
the radiation exposure to the hand of a cardiothoracic
surgeon undertaking a transapical TAVR was almost
200-fold higher (1.9+£0.6mSv) compared to transtemoral
TAVR (0.03+£0.01mSv) (6). This study also showed that
the dose to the feet on the left side of the patient was
3.5 times higher without the extra lead protection on the
left side (0.14£0.7mSv vs 0.04+£0.02mSv) and to the eyes
was nearly a factor of four higher between transapical and
transfemoral procedures (0.11+0.06 vs 0.03+0.01mSv)
(6). Although less data exist for the radiation exposure to
the imager with TEE positioning at the head of the bed, the
increased distance from the Xray tube as well as the ability
to use a radiation screen are tools that would significantly
decrease the exposure to the echocardiographer.

Our study showed that TEE use during TAVR was
associated with a significantly lower procedure time
and fluoroscopy time. Several reasons may account for
the increased procedure times in the TTE group. For
one, supine patient positioning increases the difficulty
of attaining the appropriate periprocedural images. In
addition, TTE images are obscured by chest wall, tissue
or lung hyperinflation in addition to attenuation from
calcified mitral or aortic annuluses or interference
from prosthetic material. The increased visibility and
higher resolution of TEE allows the imager to expertly
identify wire and device positioning as well as diagnose
complications. In addition to decreasing the radiation
exposure to the imager, manipulation of the TEE probe at
the head of the bed allows for image acquisition without
interruption of fluoroscopy.

There are several limitations associated with our
study design. First, this was a retrospective analysis thus
potentially associated with a lack of matched data. To
account for this, we undertook a propensity-matched

replacement; TEE, transesophageal echocardiography; TTE, transthoracic

analysis in order to reduce selection bias. Secondly, we
did not include the amount of contrast used in each
subgroup as this was not accurately recorded, and this will
be important to ascertain in future studies. Furthermore,
several TAVR groups have adapted to simply using
post-procedural TTE for TAVR guidance; however, this
is associated with missed opportunities in identifying
complications in real time, for instance that of annular
rupture. Additionally, we have recently reported a case
where use of echocardiography for procedural guidance
not only detected annular rupture, but also was able to
guide device closure of rupture without need for surgery
(34). Additionally, it would be important to record
the number of balloon dilatations, which can aid in
estimating the amount of contrast as well as fluoroscopy
time used. Although our study found an association
between the lower number of aortograms and AKI, as well
as lower procedure and fluoroscopy times with TEE, future
randomized controlled trials will be needed to assess
the role of periprocedural TEE in guidance during TAVR
procedures.

In conclusion, in addition to providing higher
resolution and uninterrupted procedural guidance, the use
of TEE with MAC during TAVR is associated with a lower
fluoroscopic time, a lower need for additional aortograms
and trend in lower post-TAVR AKI. These findings can
be utilized when assessing the optimal periprocedural
imaging strategy in patients undergoing TAVR.
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