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Abstract 
Purpose: Patients scheduled to undergo the transcatheter aortic valve re-
placement (TAVR) are usually octogenarians with severe co-morbidities and 
an increased risk of surgery-associated complications. The aim of this study 
was to determine the incidence of insufficient oxygen delivery as measured by 
mixed venous oxygen saturation (SvO2) via invasive continuous cardiopul-
monary monitoring and the low cardiac output syndrome (LCOS) in patients 
undergoing the TAVR procedure. The second objective was to examine how 
these hemodynamic measurements would change during critical events, such 
as rapid ventricular pacing (RVP) during this procedure. Methods: This pro-
spective, observational study, examined twenty patients undergoing TAVR 
under general anesthesia. Hemodynamic variables, SvO2 and the continuous 
cardiac output (CO) were assessed using pulmonary artery catheter (PAC) 
and a Vigilance® monitor. Insufficient oxygen delivery was defined as a SvO2 
value under 58% and LCOS as a cardiac index (CI) under 2 L/min/m2. Total 
intravenous anesthesia and hemodynamic management protocol were stan-
dardized. RVP was induced twice during the procedure at a frequency of 180 
- 200/min. Predefined clinical endpoints were assessed during the procedure 
and hemodynamic values were analyzed before and after twelve critical 
events. Results: The data of twenty patients with a mean age of 80 ± 4 years 
and EuroSCORE 18 ± 10 were analyzed. Fourteen (70%) of the TAVR pro-
cedures were performed transapically, the other six (30%) transfemorally. The 
SvO2 value under 58% (mean 54 ± 6) and the CI under 2 L/min/m2 (mean 1.6 
± 0.2) were detected in 60% of patients (n = 12) before the use of RVP. All of 
these patients received perioperative inotropic medication and required no-
repinephrine infusion for maintenance of adequate blood pressure. The SvO2, 
CO and CI were significantly decreased after the use of RVP (P < 0.001 and P 
< 0.03). The SvO2 reverted rapidly to the same level as before the application 

How to cite this paper: Musialowicz, T., 
Ellam, S., Valtola, A., Halonen, J. and Lah-
tinen, P. (2019) Mixed Venous Oxygen 
Saturation during the Transcatheter Aortic 
Valve Replacement—A Prospective Cohort 
Study. Open Journal of Anesthesiology, 9, 
140-153. 
https://doi.org/10.4236/ojanes.2019.97014  
 
Received: July 1, 2019 
Accepted: July 27, 2019 
Published: July 30, 2019 
 
Copyright © 2019 by author(s) and  
Scientific Research Publishing Inc. 
This work is licensed under the Creative 
Commons Attribution International  
License (CC BY 4.0). 
http://creativecommons.org/licenses/by/4.0/  

  
Open Access

http://www.scirp.org/journal/ojanes
https://doi.org/10.4236/ojanes.2019.97014
http://www.scirp.org
http://www.scirp.org
https://orcid.org/0000-0002-1863-7152
https://doi.org/10.4236/ojanes.2019.97014
http://creativecommons.org/licenses/by/4.0/


T. Musialowicz et al. 
 

 

DOI: 10.4236/ojanes.2019.97014 141 Open Journal of Anesthesiology 
 

of RVP (1 min), CO, and CI 10 min later. At the end of the operation SvO2 
values were at same level as before RVP and CO and CI were higher than be-
fore RVP. Conclusion: A high incidence of insufficient oxygen delivery and 
low cardiac output syndrome were detected in patients undergoing TAVR 
procedures. Nonetheless, all hemodynamic values returned rather rapidly to 
the same level as before the use of the RVP and were at the optimal level at 
the end of the procedure. According to the current study, the most hemody-
namically hazardous steps during TAVR are the use of RVP sequences, the 
induction of anesthesia and the initiation of surgery. 
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1. Introduction 

Transcatheter aortic valve replacement (TAVR) has become a standard treat-
ment for those patients with symptomatic aortic stenosis (AS) who are not can-
didates for open-heart surgery [1] [2]. Many patients scheduled for the TAVR 
treatment are octogenarians with severe co-existing diseases and a high risk of 
suffering surgery-associated complications. Left heart hypertrophy with left ven-
tricular dysfunction is common in this patient group [3]; thus the initiation of 
general anesthesia and the hemodynamic management are demanding. The goal 
of hemodynamic management is typical for the AS patients: tachycardia should 
be avoided to allow adequate diastolic time; fluid administration should be care-
fully titrated to guarantee an adequate preload to the hypertrophic left ventricle, 
and systemic blood pressure must be maintained with vasopressor agents at a 
level to ensure coronary perfusion since hypotension is poorly tolerated [4]. The 
control of the heart rhythm and blood pressure during the deployment of the 
aortic stent-valve necessitates the use of rapid ventricular pacing (RVP) [5], 
which inhibits cardiac ejection, transvalvular flow and cardiac motion, in order 
to provide stability for valve installation. Most of the transfemoral TAVR 
(TF-TAVR) procedures are performed under monitored anesthesia care with 
sedation, but many patients are treated also with general anesthesia, with cases 
of transapical TAVR (TA-TAVR) [6]. Adequate hemodynamic monitoring is 
essential for guiding hemodynamic management and thus invasive blood pres-
sure monitoring and central venous access are routinely applied. In order to 
maintain tissue oxygenation, SvO2 has been used as a marker to assess the ade-
quacy of the circulation [7] in cardiac surgery patients but, there are rather few 
studies describing continuous SvO2 monitoring during TAVR procedures [8] 
[9]. Low SvO2 values were associated with higher morbidity and mortality after 
cardiac surgery [10] [11] [12]. In the study of Holm et al., [13] SvO2 values of 
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58% and below were associated with higher postoperative mortality related to 
the cardiac failure in patients after aortic valve surgery. In addition, a periopera-
tive low cardiac output syndrome (LCOS) was associated with high mortality 
rates [3] [14]. There is no consensus definition of perioperative cardiac failure 
[15] [16] [17], but usually a value of CI under 2.0 L/min/m2 is accepted as repre-
senting the LCOS. The aim of the current study was to determine the incidence 
of cardiac failure defined as a SvO2 under 58% and CI under 2.0 L/min/m2 dur-
ing the TAVR procedure. The second objective was to examine how the SvO2, 
CO and CI values would react during the critical procedural steps during TAVR, 
especially to the application of the RVP sequences. 

2. Patients and Methods 

The Ethics Committee of the Northern Savo Hospital District approved this 
study and all patients provided written informed consent. All patients scheduled 
for the elective TAVR procedure, during the one-year period, were included. 
There were no exclusion criteria and no contraindications for general anesthesia 
were applied. Patients were pre-medicated with 0.1 mg∙kg−1 of diazepam one 
hour before the induction of anesthesia, and they received their routine be-
ta-blockers and long-acting nitrates. In the operating theatre the standard mon-
itoring, including the five-channel electrocardiogram and pulse oximetry, was 
initiated. Two peripheral intravenous cannulas were inserted into the arm veins 
and a radial artery cannula was inserted for direct blood pressure monitoring. 
The advanced Swan-Ganz pulmonary artery catheter (Swan-Ganz CCOmbo, 
CCO/SvO2/VIP, Edwards Lifesciences, Irvine, CA, USA) was inserted through 
the left jugular internal vein, and after calibration, the SvO2 and CO monitoring 
could be achieved. A semi-continuous cardiac output and continuous mixed 
venous oxygen saturation monitor (Vigilance®, Edwards Critical Care Division, 
Baxter, USA) was used. The pacing ball (Bipolar Pacing Catheter, Edwards Li-
fesciences, Irvine, CA, USA) device was introduced through the right jugular 
vein, in to the right ventricle and a standard external ventricular pacemaker 
(Medtronic 5388, Dual Chamber Temporary Pacemaker, Medtronic Inc, Min-
neapolis, MN, USA) was attached. The location of the pacing ball was accepted if 
the ventricular pacing threshold was under 0.5 mA. The external defibrillator 
pads were positioned on the patient’s chest for the treatment of ventricular fi-
brillation, if necessary. All patients received an Edwards Sapien transcatheter 
aortic valve (Edwards Lifesciences Corp., Irvine, CA, USA). 

2.1. Anesthesia and Hemodynamic Management 

Total intravenous anesthesia (TIVA) was induced with 1.0 - 1.5 mg·kg–1 of pro-
pofol, 2.0 µg·kg−1 of fentanyl, 0.1 mg·kg−1 of cis-atracurium. For monitoring the 
depth of anesthesia, the M-ENTROPY® Module of the S/5 Anesthesia Monitor 
(GE Healthcare, Helsinki, Finland) was used. The data of spectral entropy para-
meters from the same patients group have been published previously [18]. After 
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tracheal intubation, the lungs were ventilated with a mixture of oxygen and air 
(50%), targeting an end-expiratory carbon dioxide of 4.5 - 5.0 kPa and minimal 
SpO2 saturation 92%. During the RVP and aortic valve dilatation, ventilation 
was discontinued transiently. All patients were ventilated with 100% oxygen for 
a few minutes before and after RVP periods. Anesthesia was maintained with an 
infusion (2 - 8 mg/kg/h) of propofol aiming at a state entropy of under 60 [19]. 
An infusion of fentanyl of 2 μg/kg/h with a rescue bolus dose of 1 μg/kg was 
used for analgesia. A bolus of heparin (100 IU/kg) was given to ensure an acti-
vated coagulation time > 200 s. The following cardiopulmonary parameters were 
recorded continuously: SvO2, CO, CI, heart rate, systolic arterial blood pressure 
(SAP), mean arterial pressure (MAP), central venous pressure, central and peri-
pheral temperature, pulse oxymetry, airway pressure and end-tidal CO2. The da-
ta was transferred to a computer file using the Datex-Ohmeda S/5 Collect™ pro-
gram prior to off-line analysis. 

The hemodynamic management protocol was standardized [15]. The goal of 
intraoperative hemodynamic stability was achieved using the infusion of crys-
talloid fluids and a bolus of phenylephrine 0.1 mg, to maintain MAP over 60 
mmHg. A continuous norepinephrine infusion was initiated according to the 
anesthesiologist’s judgement. The trigger for the dobutamine use after fluid in-
fusion was a CI value under the 2 L/min/m2 with the initial dobutamine dose of 
2 µg/kg/min which was increased if necessary up to 10 µg/kg/min [15]. The RVP 
was induced as necessary by the anesthesiologist with a frequency of 180/min. 
The SAP was maintained over 120 mmHg before the release of the stent-valve, 
and during the release and RVP, the goal was that SAP would be under 50 
mmHg. Clinical endpoints were marked during the procedure and hemody-
namic values were analyzed at one minute before and after the following time 
points: baseline patient awake, induction of anesthesia, intubation, skin inci-
sion, mini-thoracotomy, dilatation of aortic valve, during RVP, release of stent 
under RVP. CO and CI were not measurable during RVP and they were as-
sessed before RVP and 5 min and 10 min after releasing the aortic valve pros-
thesis. A cardiopulmonary bypass machine (CPB) was available nearby, to 
provide hemodynamic support, if necessary. Transesophageal echocardiogra-
phy (TEE) was used in the control of the aortic valve to allow prosthesis 
placement and for detecting any potential procedural complications. After the 
procedure, MAP was kept above 60 mmHg and patients were transferred to 
the ICU for postoperative care. 

2.2. Statistical Analysis 

Results and patient characteristics are presented as the number of patients (per-
cent), mean, standard deviation (SD), or range as indicated. No formal sample 
size calculation was performed, because of the descriptive nature of the study, 
and unknown prevalence of the insufficient oxygen delivery and low cardiac 
output syndrome during TAVR procedures from previous studies. Analysis of 
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variance for repeated measures (ANOVA) was used to detect significant changes 
in variables over time. The data normality assessment was assessed by Kolmo-
gorov-Smirnov test. Data at different time points were compared with T-Test 
and a P value < 0.05 was considered statistically significant. All the statistical 
procedures were performed with the SPSS 22.0 statistical package for Windows 
(SPSS Inc, Chicago, Illinois, USA). 

3. Results 

Twenty-one patients were initially included in this study, but we were unable to 
insert the PAC catheter into one patient and thus he was excluded. The SvO2 and 
CI and CO data was available from 20 patients with a mean age of 80 ± 4 years 
and a EuroSCORE 18 ± 10. The mean aortic valve area before the operation was 
0.5 ± 0.2 cm2 and the mean AV peak gradient was 85 ± 19 mmHg. Fourteen pa-
tients (70%) underwent TA-TAVR with the other six (30%) being treated with 
TF-TAVR. The preoperative demographic data and co-morbidities of the pa-
tients are presented in Table 1. 

 
Table 1. Preoperative characteristics of the study population. 

Male/Female (n) 12/8 

Age (yr) 80 ± 4 

Weight (kg) 74 ± 17 

Height (cm) 166 ± 10 

ASA classification 4 ± 0.5 

NYHA functional class 4 ± 0.5 

EuroSCORE 18 ± 10 

LV ejection fraction % 50 ± 15 

AVA (cm2) 0.5 ± 0.2 

AV peak gradient (mmHg) 85 ± 19 

Atrial fibrillation (n) 11 (55%) 

Diabetes mellitus (n) 4 (20%) 

LV ejection fraction < 40% 3 (15%) 

Cerebrovascular disease (n) 5 (25%) 

History of stroke (n) 4 (20%) 

Coronary artery disease (n) 8 (40%) 

Previous MI (n) 2 (10%) 

Previous CABG (n) 8 (40%) 

Cardiac insufficiency (n) 5 (25%) 

Renal insufficiency (n) 6 (30%) 

COPD (n) 8 (40%) 

Asthma (n) 7 (35%) 

Data are mean ± SD, number or percentage of patients. ASA—American Society of Anesthesiologists; 
NYHA—New York Heart Association; EuroSCORE—European System for Cardiac Operative Risk Evalua-
tion; LV—Left ventricular; AVA—Aortic valve area; MI—Myocardial infarction; CABG—Coronary artery 
bypass graft; Renal insufficiency—Creatinine > 120 mmol/; COPD—Chronic obstructive pulmonary dis-
ease. 

https://doi.org/10.4236/ojanes.2019.97014


T. Musialowicz et al. 
 

 

DOI: 10.4236/ojanes.2019.97014 145 Open Journal of Anesthesiology 
 

A SvO2 value under 58% (mean 54 ± 6) and CI under 2 L/min/m2 (mean 1.6 ± 
0.2) were detected in 60% of patients (n = 12). The SvO2 was significantly in-
creased (P < 0.001) after the induction of anesthesia but it declined after surgical 
incision (P < 0.02) and twice during the use of RVP (P < 0.001; Figure 1). The 
RVP included two episodes; these had a total time for pacing of 16 ± 4 s during 
balloon valvuloplasty and 24 ± 6 s during stent release. The variabilities in blood 
pressures and heart rate are presented in Figure 2. We also analyzed the SvO2 
values at 10 min after RVP with the mean value being 70% ± 10%; (P < 0.1) at 
the end of the procedure, the mean SvO2 value was 67% ± 15% (P < 0.6). CO and 
CI decreased significantly after the induction of anesthesia (P < 0.004), and at 1 
min and 5 min after RVP (P < 0.03; P < 0.004) whereas it increased after surgical 
incision (P < 0.01; Figure 3). At the end of procedure the mean CI was elevated 
to 2.1 ± 0.7 L/min/m2 (P < 0.007) and mean CO to 3.8 ± 1.3 L/min (P < 0.009) 
when compared with values before RVP. All 12 patients with low SvO2 and CI 
values received perioperative inotropic and vasoconstrictive medication (dobu-
tamine and norepinephrine). The perioperative data and time courses of the 
TAVR procedures are shown in Table 2. There were no complications related to 
the PAC insertion and aortic valve implantation was successful in all patients. 
None of the patients required hemodynamic support from the CPB device. 

 

 
Figure 1. Mixed venous oxygen saturation (SvO2) during different critical time points of 
the TAVR procedure. 1) baseline before the induction of anesthesia; 2) 1 min after the 
induction of anesthesia; 3) before intubation; 4) 1 min after intubation; 5) before surgical 
incision; 6) 1 min after surgical incision, 7) before dilatation of aortic valve; 8) during di-
latation of the aortic valve with RVP; 9) 1 min after the dilatation of the aortic valve; 10) 
before release of the valve prosthesis; 11) during release of valve prosthesis with RVP; 12) 
1 min after the release of the aortic valve stent. Data are mean and ± SD. *Significant dif-
ferences between the before and after specific time points P < 0.05. 
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Figure 2. Hemodynamic variables, i.e. systolic arterial pressure (SAP), mean arterial 
pressure (MAP) and heart rate (HR) during different time points of TAVR procedure. 
Date are mean ± SD. Time points see text in Figure 1. Previously published in Entropy 
2017. MDPI, Basel, Switzerland. Copyright by the authors under CC BY license  
(http://creativecommons.org/licenses/by/4.0/). 

 

 
Figure 3. Cardiac output (CO) and Cardiac index (CI) during different phases of the 
TAVR procedure. 1) baseline before the induction of anesthesia; 2) 1 min after the induc-
tion of anesthesia; 3) before intubation; 4) 1 min after intubation; 5) before surgical inci-
sion; 6) 1 min after surgical incision, 7) before the dilatation of the aortic valve; 8) 1 min 
after the dilatation of the aortic valve with RVP; 9) before the release of the aortic valve 
prosthesis; 10) 1 min after the release of the valve prosthesis with RVP; 11) 5 min after the 
release of the aortic valve stent; 12) 10 min after the release of aortic valve stent. Date are 
mean ± SD. *Significant differences before and after specific time points P < 0.05. 
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Table 2. Perioperative data and time course of the TAVR procedures. 

FiO2% 64 ± 17 

SpO2% 91 ± 7 

Hb level before procedure (g/L) 130 ± 16 

RVP-dilatation of aortic valve (s) 16 ± 4 

RVP during launch of the prosthesis (s) 24 ± 6 

Hb level during procedure (g/L) 115 ± 17 

Duration of anesthesia (min) 149 ± 30 

TA-TAVR (n)  14 

TF-TAVR (n) 6 

Data are mean ± SD or the number of patients. FiO2—Fraction of inspired oxygen; SpO2—Peripheral oxy-
gen saturation; RVP—Rapid ventricular pacing; Hb—Hemoglobin level; TA-TAVR—Transapical-TAVR; 
TF-TAVR—Transfemoral-TAVR. 

4. Discussion 

A high incidence of insufficient oxygen delivery and the low-cardiac-output- 
syndrome (60%) during TAVR procedures was detected in this study. The 
second result of our study was that all hemodynamic values SvO2, CO and CI 
declined significantly after the RVP sequences and aortic valve stent deploy-
ment, however the decreases were only transient. The parameters increased ra-
pidly to the values before RVP, SvO2 after 1 min and at the end of procedure the 
CI and CO were even better than before RVP and the release of the aortic stent. 

The patients selected for the TAVR protocol for replacement of stenotic aortic 
valve tend to be older, have more associated co-morbidities and therefore have a 
higher risk, for surgery-related complications, even though this procedure has 
lately become an option also for patients with an intermediate surgical risk [2]. 
During the procedure, the most challenging and even life threatening events are 
the RVP and the subsequent compromised hemodynamic situation as well as it 
possible complications of the valve implantation e.g. cardiac insufficiency, aortic 
dissection, and coronary compromise due to valve obstruction of the coronary 
orifices [3]. Despite these potential complications, the TAVR protocol has ap-
peared to be a relatively safe method of aortic valve replacement and is nowa-
days performed mostly under local anesthesia with minimal sedation [20]. 
However, some patients undergoing TAVR still need general anesthesia and 
hemodynamic support with inotropic agents and vasoconstrictor drugs. 

In this prospective cohort study, we frequently found low SvO2 values in over 
half of the patients before and after RVP episodes, lasting in the majority of pa-
tients at least as long as one minute after the pacing episode. However, these pe-
riods of insufficient oxygenation tended to be corrected readily because of 
prompt administration of dobutamine and norepinephrine to support cardiac 
contractility, heart rate and blood pressure. At 10 minutes post-RVP the mean 
SvO2 values were already 70%, however there were also some low values of SvO2 
at this time point. These low SvO2 values improved mainly at the termination of 
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the operation and vasoactive medication was discontinued rapidly after the pa-
tient was transferred to the ICU. All patients recovered well from the procedure 
despite these low SvO2 values. 

SvO2 is still the standard monitoring method for the systemic determination 
of delivery and consumption of oxygen in high-risk patients undergoing cardiac 
surgery [7] and it is a good marker of the adequacy of the systemic circulation. 
The normal values of the SvO2 lie between 65% and 80% [7] [21]. The associa-
tions between low SvO2 and increased mortality and morbidity and an increased 
length of ICU stay after cardiac surgery, have been demonstrated in many stu-
dies [7]. In the study of Holm et al., [13] that examined 396 patients after aortic 
stenosis surgery, the SvO2 was routinely measured from PAC after ICU admis-
sion. The best cutoff predicting the 30 days mortality related to cardiac failure was 
a postoperative SvO2 value of 54% with a sensitivity of 1.0 and a specificity of 0.94. 
The best cutoff for the all-cause mortality was SvO2 58%. The post-operative mor-
tality was also significantly increased in the patients with low SvO2. The majority 
(60%) of our study patients had SvO2 under 58% during the TAVR procedure 
and they belong to the high-risk group. In spite of their low SvO2 values, our en-
tire patient group survived the procedure and left the hospital. This is probably 
attributable to the good perioperative hemodynamic protocol with the use of in-
otropic and vasoconstriction medication, and because there were only transient 
changes in the hemodynamic parameters, compared with the open cardiac sur-
gery patients [13]. 

Little is known about the impact of the RVP on the SvO2 and CO and the oth-
er different steps of the TAVR procedure. The most critical time points in TAVR 
procedures are considered to be occur due to RVP and the loss of the cardiac 
ejection after aortic valve dilatation, and also as well during and after crimped 
prosthesis implantation. In an earlier study, low SvO2 values below 65% before 
RVP were identified as a predictor of prolonged hemodynamic compromise de-
fined as a recovery of SvO2 > 65% and systolic blood pressure > 90 mm Hg [22]. 
In that study, there was prolonged recovery time after RVP of over 60 seconds. 
In the current study, 60% of patients had low SvO2 values before RVP and ino-
tropic and vasoconstriction medication was started before RVP use, such that 
according to the definition of the earlier study, most of them recovered, in the 
first minute post-RVP, however in some patients, the values of SvO2 remained 
low also after RVP. 

It has been reported that low SvO2 prior to RVP was associated with pro-
longed hemodynamic recovery immediately after RVP for valve-stent deploy-
ment [9]. In that study, three patients needed CPB support due to circulatory 
collapse, as they were unresponsive to hemodynamic support by drugs. In con-
trast, to this study, none of the patients in our current study needed CPB sup-
port. This may be due to our more liberal use of dobutamine for inotropic sup-
port in 60% of patients as compared to 40% receiving dopamine in the previous 
study [9]. Our patients could be considered to be suffering from even more 
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co-morbidities and a lower ejection fraction than the patients examined by Iri-
takeneshi et al. Most of our patients (70%) were operated transapically as com-
pared to 40% of patients in that other study. However, due to the limited num-
ber of patients in both studies, no definitive conclusions can be drawn based on 
the predictive value of prolonged low SvO2 or the benefits of the more liberal 
administration of inotropic agents and complications or survival in TAVR pro-
cedures. On the contrary, low SvO2 before RVP may be reflection of low cardiac 
output and heart insufficiency [9] which may be associated with higher risk of 
cardiac failure after RVP. However we could not verify this concept in our study 
due to the nonrandomized protocol. 

Another study with SvO2 monitoring during TAVR procedure compared this 
method with regional cerebral oxygen saturation (rScO2) measured with near-infrared 
spectroscopy [8]. In that study there was also a significant decline in SvO2 at the 
end of use of RVP, which is in agreement with our results. In this phase of the 
TAVR procedure the use of RVP evokes a minimizing of the pulsatile trans-aortic 
flow, which is comparable with cardiac arrest and complete hemodynamic col-
lapse. This rapid hemodynamic changes and the time when there is no blood 
flow, are responsible for the decrease in the SvO2. There is another report of a 
decline in rScO2 values during the use of the RVP in patients undergoing TAVR 
procedure [23]. In that report there was significant decrease detected in the val-
ues of rScO2 during the RVP period and device deployment, results comparable 
with our findings. Furthermore, the SAP during released of the stent, under 50 
mmHg, was on the same level as found in our study. 

Many studies have described the use of the vasoactive and inotrope medica-
tion during the TAVR procedures. In the single-center observational study [24] 
of 36 patients undergoing TAVR procedure 31 patients (88%) received some 
vasopressor support but only five of 36 (18%) received inotropic support com-
pared with 60% respectively in our study. Furthermore, here none patients 
needed CPB as compared with 4 patients in the Billings et al., study, who re-
quired the initiation of emergency CPB. In the study of Fassl et al., [25] the 
hemodynamic and anesthetic management was reported in 81 TAVR patients. 
In the postoperative period inotropic support was used in 63% of patients, a 
value in parallel with our findings. In this trial, a norepinephrine infusion was 
needed in 31 patients during procedure (38%) and further bolus dose in 27 pa-
tients (33%) i.e. in 71% patients, as compared with 60% in present study. It has 
been claimed that the use of a prophylactic infusion of norepinephrine prior to 
the use of RVP during TAVR, improves hemodynamics and overall cardiac 
function and promotes a rapid hemodynamic recovery [26]. In our study all pa-
tients with cardiac failure needed inotropic support, but all survived and were 
discharged from the hospital. In this patient group the inotropic support was 
continued in the postoperative period over 30 minutes (data not showed) in the 
ICU department. According to our results, we suggest the use the continuous 
infusion of vasoactive agents initiated prior to the rapid pacing, to maintain he-
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modynamic stability and to increase the blood pressure before starting RVP. 
Low cardiac output syndrome after cardiac surgery is associated with signifi-

cantly increased morbidity and mortality [27]. There is no consensus an exact 
definition of the low cardiac output syndrome, but the value of CI under 2 
L/min/m2 is used as a guide value to trigger inotropic support [15] [16]. The 
other definition of LCOS after cardiac surgery is the use of inotropic medication 
at least for 30 minutes to maintain to SAP over 90 mmHg or CI greater than 2.2 
L/min/m2 [17]. Sixty percent patients of our study have had LCOS, but in con-
trast to open heart surgery aortic valve replacement procedures, CI and CO im-
prove more rapidly after the stent-valve deployment. At the end of TAVR pro-
cedure these parameters were at a better level than before use of RVP. 

Cardiac output and CI were significantly lower after the induction of anesthe-
sia because of the administration of cardiac depressing medication which evokes 
vasodilatation and a low preload, reflected in a reduced CO. In contrast SvO2 
was higher after the induction of anesthesia. This can be explained with 100% 
pre-oxygenation provided before induction of anesthesia, and also due to the 
reduction in oxygen consumption after induction of anesthesia and muscle re-
laxation [28]. Although CO is the most important determinant of SvO2, but 
when the effect of vasoactive treatment on the relationship between mixed ven-
ous and regional saturation was examined, the correlation between CO and SvO2 
was weak r2 = 0.32 [29]. CO and CI increased significantly after initiation of 
surgery, probably because of the tachycardia caused by pain, but SvO2 was lower 
because of the higher surgical stress and oxygen consumption [28]. 

All of the hemodynamic values decreased significantly after the use of RVP. 
The SvO2 increased more quickly to the same values before RVP in comparison 
with CO and CI. One explanation of this phenomenon is probably the use of 
100% oxygenation during the RVP which increased the arterial oxygen tension 
and this was reflected in the higher SvO2 values and more rapid recovery to the 
values before RVP than occurred with the CO and CI values. At the end of oper-
ation, SvO2 values were at the same level as before RVP, and CO and CI were 
better than before RVP. According to our study results, the most hemodynami-
cally hazardous steps during TAVR are the induction of anesthesia, the initiation 
of surgery and the use of RVP sequences, but they were transient in their nature 
and rapidly recovered to the normal values. 

Study Limitations 

In this observational study, we have measured only hemodynamic data during 
the TAVR operation and we have no post-operative data and no information 
about whether LCOS and insufficient oxygen delivery have implications for pa-
tient morbidity and long-term outcome after TAVR. Although the aim of our 
study was not to determine the risk of mortality and morbidity, it is noteworthy, 
that all patients were discharged from hospital and were alive 30 days later, nor 
were there any deaths related to cardiac failure. 
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5. Conclusion 

In conclusion, a high incidence of insufficient oxygen delivery and cardiac fail-
ure requiring inotrope support was detected during the TAVR procedures. 
However, the changes in the hemodynamic values were transient and were soon 
restored to normal. In summary, the low SvO2 values during and after RVP seem 
to be of minimal importance, if the blood pressure and cardiac function are res-
tored rapidly with vasoactive medication if necessary. The most critical points of 
the hemodynamic management during TAVR are the induction of anesthesia, 
the initiation of surgery and the use of RVP sequences. Based on our study re-
sults, we suggest that continuous infusion of vasoactive agents initiated prior to 
the RVP, achieves improved hemodynamic stability.  
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