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The Effect of Anesthesia Type Applied in
Transcatheter Aortic Valve Implantation

Transkateter Aort Kapak implantasyonunda Uygulanan
Anestezi Tipinin Etkisi

ABSTRACT

Objective: Different results have been obtained in studies on the effect of anesthesia type
applied during transcatheter aortic valve implantation on in-hospital outcomes. In this study,
we aimed to investigate the association of the type of anesthesia with the lenght of stay in
the intensive care unit and the need for inotropes in patients undergoing transcatheter aortic
valve implantation.

Methods: A total of 140 patients who underwent transcatheter aortic valve implanta-
tion between January 2016 and January 2022 were retrospectively analyzed. The patients
were divided into 2 groups as deep sedation and general anesthesia according to the type of
anesthesia.

Results: The mean age of all patients was 78.5 + 8.6 years, and 69 of the patients (49.3%)
were female. Length of stay in intensive care unit, midazolam dosage, use of inotropic agents,
and procedural hypotension were significantly lower in the deep sedation group than in the
general anesthesia group [(1[1-2] vs. 1[1-2.5] days, P=0.03), (2.1 + 0.4 mg/kg vs. 2.3 + 05,
P=0.02), (39 (37.9%) vs. 22 (59.5%), P=0.02), (41 (39.8%) vs. 25 (67.6%), P=0.004)].
General anesthesia was associated with increased use of inotropic agents during transcatheter
aortic valve implantation compared to deep sedation (odds ratio=2.93 95% Cl=1.18-7.30,
P=0.02).

Conclusion: The use of inotropes is less in transcatheter aortic valve implantation procedures
performed under deep sedation and length of stay in intensive care unit is shorter.

Keywords: Deep sedation, general anesthesia, inotrope requirement, intensive care stay, trans-
catheter aortic valve implantation

OzZET

Amag: Transkateter aort kapak implantasyonu (TAKI) sirasinda uygulanan anestezi tipinin has-
tane ici sonlanimlar Gzerine etkisi ile ilgili yapilan calismalarda farkli sonuclar elde edilmistir. Biz
bu calismada TAKI yapilan hastalarda kullandigimiz anestezi tipinin yogun bakim yatis stresi
(YBYS) ve inotrop ihtiyac ile iliskisini arastirmayr amagladik.

Yontem: Calismamizda Ocak 2016 ile Ocak 2022 tarihleri arasinda kardiyoloji klinigimizde TAKI
uygulanan toplam 140 hasta retrospektif olarak incelendi. Hastalar, uygulanan anestezi tipine
gore derin sedasyon (DS) ve genel anestezi (GA) olmak Uzere 2 gruba ayrildi.

Bulgular: Tum hastalarin ortalama yasl 78,5 + 8,6 idi ve hastalarin 69'u (%49,3) kadind.
YBYS, midazolam dozu, inotropik ajan kullanimi ve islemle iliskili hipotansiyon; DS grubunda
GA grubuna gbre anlamli olarak daha dlstktt [(1[1-2] ‘e karsi 1[1-2,5] giin, P=0,03), (2,1 +
0.4 mg/kg'a karsi 2.3 + 0,5, P=0,02), (39 (%37.9) 'a karsi 22 (%59,5), P=0,02), (41 (%39.8)
‘e karsi 25 (%67,6), P=0,004)]. GA, DS'ye gbre TAKI islemi sirasinda inotropik ajan kullaniminda
artus ile iliskiliydi (odds ratio = 2,93, %95 guven araligi = 1,18-7,30, P=0,02).

Sonug: DS altinda yapilan TAKi islemlerinde inotrop kullanimi daha azdir veYBYS daha kisadir.

Anahtar Kelimeler: Derin sedasyon, genel anestezi, inotrop ihtiyaci, yogun bakim yatis stresi,
transkateter aort kapak implantasyonu

lthough transcatheter aortic valve implantation (TAVI) has emerged as the only
treatment option in the treatment of patients with severe aortic stenosis who are
at high surgical risk and cannot be operated on, it is increasingly applicable to patients
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with moderate and recently low surgical risk.’=> Increasing expe-
rience and technological developments and the increasingly
minimally invasive orientation of the procedure have led to
the revision of anesthesia protocols. While general anesthesia
(GA) was used in high and very high-risk patients in the first
randomized clinical trials of TAVI, recent studies have shown that
deep sedation (DS) is becoming more common.® Both methods
have advantages and disadvantages. Very different results have
been obtained in studies on the comparison of anesthetic appli-
cations in TAVI. While it has been reported that DS use reduces
the length of stay (LOS) in intensive care unit (ICU) and total
hospital stay, other studies found no difference.”-"° In some stu-
dies, GA has been reported to increase the need for inotropes.™

In this study, we investigated whether the type of anesthesia used
during TAVI was related to ICU LOS and inotrope requirement.

Materials and Methods

A total of 140 patients who applied to our cardiology clinic
between January 2016 and January 2022 and were found suit-
able for TAVI by our cardiac team were retrospectively analyzed.
Informed consent was obtained from all patients before the pro-
cedure and the ethics committee approval was obtained from
the Haydarpasa Numune Training and Research Hospital Ethics
Committee (Approval Number: HNEAH-KAEK 2021/313, Date:
13.12.2021). According to the type of anesthesia administered
during TAVI, the patients were divided into 2 groups as DS and
GA. Clinical and laboratory characteristics of all patients were
examined and in-hospital outcomes were recorded.

Anesthesia Administration

The DS group received an IV bolus of 1 mg/kg propofol,
0.02 mg/kg midazolam, and an infusion of 0.7-1.8 mcg/kg/h
dexmedetomidine, along with a subcutaneous administration
of 10 mL of 2% prilocaine for local anesthesia in the inguinal
region. For GA, an IV bolus of 0.6 mg/kg rocuronium, 0.6 mcg/kg
fentanyl, 1 mg/kg propofol, and a continuous infusion of
0.5 mg/kg/h propofol and 0.03 mg/kg/h midazolam were
administered. Both groups underwent intraprocedural moni-
toring with continuous invasive measurement of arterial blood
pressure through a radial artery catheter. A blood pressure of less
than 90/60 mmHg during the procedure was considered proce-
dural hypotension. Pulse oximetry was also used for continuous
ECG monitoring and transcutaneous arterial oxygen saturation.
The anesthesia protocol was determined by an anesthesiologist

ABBREVIATIONS

ACA Anterior cerebral arteries

DS Deep sedation

EMR Electromagnetic radiation

GA General anesthesia

ICU Intensive care unit

IQR Interquartile range

LOS Length of stay

MCA Middle cerebral arteries

MI Myocardial infarction

NIRS Near-infrared spectroscopy

rSO2 regional cerebral oxygen saturation
SBP Systolic blood pressure

TAVI Transcatheter aortic valve implantation
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in accordance with the current guidelines. After the procedure,
all patients were monitored in the ICU until they woke up and
achieved hemodynamic stability.™

Definition

Near-Infrared Spectroscopy

Near-infrared spectroscopy (NIRS) is a non-invasive method that
uses the absorption of infrared light by chromophores to estimate
the venous-weighted regional cerebral oxygen saturation (rS0,).
Near-infrared spectroscopy devices emit electromagnetic radia-
tion (EMR) in the near-infrared range (700-1000 nm), which is
absorbed by the cerebral parenchyma or detected by receptors
after passing through underlying tissue in a parabolic arch. The
proximal sensor detects photons from the extracerebral tissue,
while the distal sensor detects photons from deeper tissue, typi-
cally near the junction of the anterior (ACA) and middle cerebral
(MCA) arteries. The device uses the modified Beer-Lambert law
to provide a measurement of regional cerebral oxygen saturation
(rSO,) expressed as a percentage of the proportion of measured
oxyhemoglobin (at 920 nm) to total hemoglobin (760 nm).
The frontal cortex is often the region monitored, as it is suitably
accessible and exposed and has clinical importance as a water-
shed area.™

American Society of Anesthesiologists Physical Status
Classification

This is a classification system that is a simple and useful method
used to quickly evaluate preoperative patients. According to this
classification, patients are classified from 1 to 6. Class 1 describes
a normal healthy person, while class 6 describes a patient who
has suffered brain death.

Statistical Analysis

Continuous variables are presented as median, interquartile
range (IQR) (25™-75%), or mean and SDs. Categorical variables
were expressed as absolute numbers and percentages. The chi-
square test or Fisher's exact test was used to compare categorical
variables between groups. Continuous variables, t-test, or Mann-
Whitney U tests were compared according to distributions.

Response Variable: Use of Inotropes during TAVI Procedure
The logistic regression method was used to investigate the rela-
tionship between predictive variables and inotropic use. The
effects of individual predictors were reported using odds ratio
and 95% CI. The P values of <0.05 were considered statistically
significant.

All statistical analyses were performed with R studio version 4.2
(R Project, Austria) using the “rms" and “Hmisc" packages.

Results

General anesthesia was performed in 37 (26.4%) of the 140
patients included in the study, and DS was performed in 103
(73.6%) patients. The mean age of all patients was 78.5 + 8.6
years, and 69 of the patients (49.3%) were women. One hun-
dred ten patients (78.6%) had hypertension, 55 (39%) had
diabetes mellitus (DM), and 89 (63.6%) had coronary artery
disease (CAD). Body mass index (BMI), logistic Euroscore, and
left ventricular ejection fraction were similar in both groups.
Other demographic and clinical characteristics are given in
Table 1.
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Table 1. Pre-Procedural Clinical and Demographic Variables by
Type of Anesthesia

Table 2. Procedural Clinical Features by Type of Anesthesia

Deep General All
Deep General Variables Sedation Anesthesia Patients P
Sedation  Anesthesia
. . Procedural SBP 120.6 + 118.6 + 120.1 + 0.55
Variables (n=103) (n=37) Al Patients P (mmHg) 175 176 175
Age (years) 789+83 773+93 785x86 035 o q,aiDBP 526495 5487 53493 044
Female (n, %) 44 (42.7) 25(67.6)  69(49.3) 0.01 (mmHg)
BMI (kg/m?) 275+38 282+36 277+38 037 HR (bpm) 721+11.3 71.7+11.8 72+10.7 0.83
Logistic 243 +109 247+11.6 244+11 0.85 Midazolam 21+04 23+05 22+04 002
EuroSCORE (mg/kg)
CAD (n, %) 68 (66) 21(56.8) 89(63.6) 0.31 Dexmethadomine 1.4+03 06+04 12+0.5 <0.001
Hypertension 83(806) 27(73) 110(786) 033  (Mcg/kg/h)
(n, %) NIRS (%) 63+93 593+104 62+97 0.04
DM (n, %) 35(34) 20 (54.1) 55(39) 0.03 Inotropic agent 39(379) 22(59.5) 61(43.6) 0.02
EF (n, %) 505+ 11.5 489+11.2 501+11.1 045  Use(n %)
Pre-procedural  141.7 + 292 143.6 +26 1422+283 072  Hypotension 41(39.8) 25(67.6) 66 (47.1) 0.004
(n, %)
SBP (mmHg)
Pre-procedural  59+11.9 619+122 598+12 021  Hrocedure 55£155 68816 664157 028
duration (minute)
DBP (mmHg)
HR (bpm) 64 +9.4 64 +9.1 643 +9.3 0.382 ICU LOS (day) 101-2] 10-251 101-23] 003
NIRS (%) 6342103 59+95 6224103 002  ASAckss(n. %)
BMI, body mass index; bpm, beat per minute; CAD, coronary artery disease; 2 7(68) 4(108) 1G9 0.54
DBP, diastolic blood pressure; DM, diabetes mellitus; EF, ejection fraction; 3 95 (92.2) 32 (86.5) 127
HR, heart rate; NIRS, near-infrared spectroscopy; SBP, systolic blood (90.7)
pressure.
4 1(1) 1(2.7) 2(1.4)

Dexmethadomine use and NIRS were significantly higher in the
DS group than in the GA group [(1.4 + 0.3 vs. 0.60 + .4, P <
0.001) (63 + 9.3% vs. 59.31 + 0.4%, P=0.04), respectively].
Intensive care unit length of stay, midazolam, inotropic agent
use, and procedural hypotension were significantly lower in the DS
group than in the GA [(1[1-2] vs. 1[1-2.5] days, P :=0.03), (2.1
+0.4vs. 2.3 +£0.5mg/kg, P=0.02), (39 (37.9%) vs. 22 (59.5%),
P =0.02), (41 (39.8%) vs. 25 (67.6%), P=0.004)]. Other pro-
cess specifications are given in Table 2. The histogram of intensive
care durations according to anesthesia types is given in Figure 1.

Multivariate logistic regression analysis revealed that increased
systolic blood pressure (SBP) was inversely associated with
increased inotropic agent use during TAVI procedure (odds
ratio=0.97 Cl 95%, 0.96-0.99 P=<0.001). In addition, GA was
associated with an increased use of inotropic agents during TAVI
compared to DS (odds ratio=2.93, 95% Cl 1.18-7.30, P=0.02).
Other parameters in the model were not associated with the use
of inotropic agents during TAVI (Table 3).

Discussion

In this study, we showed that the inotrope requirement is less,
and the ICU LOS is shorter in TAVI procedures performed under
DS. We also determined that one of the predictors of inotropic
use during the procedure was baseline systolic blood pressure.

The first randomized studies on TAVI were conducted in high-
risk and very high-risk patients, and general anesthesia was
used during the procedure.® Improvements have been made in
anesthetic applications, as the experience of the operators has
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ASA, The American Society of Anesthesiologists; bpm, beat per minute;
DBP, diastolic blood pressure; HR, heart rate; ICU LOS, intensive care unit
length of stay; NIRS, near-infrared spectroscopy; SBP, systolic blood
pressure.

increased, device profiles have decreased, percutaneous vascular
closure systems have been used, and the procedure has been
performed on patients with increasingly lower risk. It is seen that
the application of DS in TAVI procedures is increasing rapidly.?
In recent studies comparing low-risk TAVI and conventional
surgery, it was found that DS was used at a rate of 65.1% and
43.1%, respectively.** In our study, the rate of DS was quite high
(73.6%), and our patients were in the high/very high-risk group.

Deep Sedation General Anesthesia

ﬁ

"N A

Intensive care unit length of stay (ICU LOS)

count

uopsodoad
count

uoniodoid

Intensive care unit length of stay (ICU LOS)

Figure 1. Histogram of intensive care unit length of stay (ICU
LOS) by anesthesia types.
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Table 3. Multivariable Logistic Regression for Prediction of
Intra-procedural Inotropic Agent Use

0dds Confidence

Variables Ratio Interval %95 P
Logistic EuroSCORE 0.99 0.97-1.03 0.96
Pre-procedural SBP (mmHg)  0.97 0.96-0.99 <0.001
Anesthesia type (GA vs. DS) 2.93 1.18-7.30 0.02
Gender (reference : female) 0.89 0.42-1.89 0.76
DM, yes/no 1.25 0.58-2.70 0.56
Midazolam (mg/kg) 0.53 9.19-1.50 0.23

DM, diabetes mellitus; DS, deep sedation; GA, general anesthesia;
SBP, systolic blood pressure.+

Most of the studies comparing DS to GA in TAVI are registry
studies, and randomized studies are limited. In these registry
studies, it is reported that the use of conscious sedation leads
to a decrease in operating room times, ICU LOS, total hospi-
tal stay, and costs.2''6 In a registry study involving 10 997
patients, less procedural inotrope use with DS was associated
with shorter ICU LOS and total hospital stay, as well as lower
in-hospital and 30-day mortality.? In a recent meta-analysis,
the mean hospital stay was 7.2 days in DS and 9.3 days in GA,
with a significant difference in favor of DS.2 Although these
comparative studies using observational data cannot defini-
tively establish the superiority of one technique over the other,
these results demonstrate the safety of conscious sedation in
this population. In our study, similar to these studies, the ICU
LOS was shorter in the DS group, and the need for inotropes
was less. Furthermore, our study suggests that baseline sys-
tolic blood pressure is one of the predictors of intraprocedural
inotropic use. Some studies also show that DS has no effect on
the length of hospital stay. In the randomized controlled trial of
SOLVE-TAVI, DS led to similar outcomes for the primary efficacy
endpoint of all-cause mortality, stroke, myocardial infarction
(MI), infection requiring antibiotics, and acute kidney injury,
compared to GA. However, GA led to a higher requirement for
catecholamines without affecting procedure or device times,
ICU length of stay, delirium rates, or overall hospital stay. The
duration of hospital stay was the same in both groups, with an
average of 9 days.'® There are several factors that explain the
reason for these differences in studies. More work was done in
the early years of TAVI, so many reports may reflect the TAVI
learning curve when moving from GA to DS and not the anes-
thetic strategy itself. Additionally, most registries are prone to
patient selection bias, and the high, very high, and moderate
risk diversity in the patient population may preclude a complete
comparison of the 2 anesthetic applications. Furthermore, the
length of hospital stay can be affected by many factors, such as
the availability of rehabilitation centers after discharge, which
can vary among different centers and countries. Moreover,
reimbursment and healthcare policy can also have an impact
on the length of hospital stay. Therefore, considering all these
reasons, randomized studies are needed in this area.

Limitations
One of the main limitations of our study is that it is a retrospec-
tive study. The possibility that the general anesthesia procedure
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was performed in the more fragile patient group may have led to
patient selection bias. The lack of data on the amount of proce-
dural bleeding may have an effect on hypotension and inotrope
requirements during the procedure. The limited data on other
parameters that determine patients inotropic requirements
(peripheral complications, and medications taken prior to the
procedure) also constitute a limitation.

Conclusion

Deep sedation during TAVI reduces the need for inotropes,
shortens ICU LOS, and appears to be safe.
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The Effect of Anesthesia Type Applied in
Transcatheter Aortic Valve Implantation
140 pts
who underwent TAVR procedure
Deep Zz2 General
Sedation Anesthesia
Inotropic Agent Use 39 (37.9%) VS. 22 (59.5%) P=0.02
ICU Lenght of Stay 1day [1-2] vs. 1day [1-2.5] P=0.03
Procedural Hypotension 41(39.8%) VSs. 25 (67.6%) P=0.004
/ The use of inotropes is less in transcatheter aortic valve implantation procedures
‘O ’ performed under deep sedation and intensive care unit length of stay is shorter.
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