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Abstract

Background: Monitored Anesthesia Care (MAC) has been increasingly used in lieu of general anesthesia (GA) for transcatheter

aortic valve replacement (TAVR). We sought to compare outcomes and in-hospital costs between MAC and GA for TAVR at

a single center Veterans Affairs Medical Center. Methods: A single-center retrospective review of 349 patients who underwent

TAVR (MAC, n = 244 vs. GA, n = 105) from January 2014 to December 2019 was performed. Baseline patient characteristics,

operating room (OR) time, intensive care unit (ICU) length of stay (LOS) and cost, total LOS, hospital cost, total cost, and

complication rates were collected. Propensity matching was performed and resulted in 83 matched pairs. Results: In the

unmatched TAVR cohort, MAC TAVR was associated with reduced OR time (146 vs. 198 minutes, P < .0001), ICU LOS (1.4

vs. 1.8 days, P < 0.0001), total hospital LOS (3.4 vs. 5.4 days, P < .0001), and lower index total cost ($81,3000 vs. $85,400,

P = .010). After propensity matching, MAC TAVR patients had reduced OR time (146 vs. 196 minutes, P < 0.05), ICU LOS

(1.2 vs. 1.7 days, P = .006), total LOS (3.5 vs. 5.1 days, P = .001), and 180-day mortality (2.4% vs. 12%, P < 0.03). There

was no difference in total hospitalization cost or total cost. Conclusions: In propensity matched groups, TAVR utilizing MAC is

associated with improved OR time efficiency, decreased LOS, and a reduction in 180-day mortality, but no significant difference

in cost.
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ABSTRACT

Background: Monitored Anesthesia Care (MAC) has been increasingly used in lieu of general anesthesia
(GA) for transcatheter aortic valve replacement (TAVR). We sought to compare outcomes and in-hospital
costs between MAC and GA for TAVR at a single center Veterans Affairs Medical Center. Methods: A
single-center retrospective review of 349 patients who underwent TAVR (MAC, n = 244 vs. GA, n = 105)
from January 2014 to December 2019 was performed. Baseline patient characteristics, operating room (OR)
time, intensive care unit (ICU) length of stay (LOS) and cost, total LOS, hospital cost, total cost, and
complication rates were collected. Propensity matching was performed and resulted in 83 matched pairs.

Results: In the unmatched TAVR cohort, MAC TAVR was associated with reduced OR time (146 vs. 198
minutes, P< .0001), ICU LOS (1.4 vs. 1.8 days, P < 0.0001), total hospital LOS (3.4 vs. 5.4 days, P <
.0001), and lower index total cost ($81,3000 vs. $85,400, P = .010). After propensity matching, MAC TAVR
patients had reduced OR time (146 vs. 196 minutes, P < 0.05), ICU LOS (1.2 vs. 1.7 days, P = .006), total
LOS (3.5 vs. 5.1 days, P = .001), and 180-day mortality (2.4% vs. 12%, P < 0.03). There was no difference
in total hospitalization cost or total cost.

Conclusions: In propensity matched groups, TAVR utilizing MAC is associated with improved OR time
efficiency, decreased LOS, and a reduction in 180-day mortality, but no significant difference in cost.

Abstract Word Count: 256

Introduction

Transcatheter aortic valve replacement (TAVR) initially emerged as an alternative to surgical aortic valve
replacement (SAVR) for patients not previously considered surgical candidates due to comorbidities.1 The
technology was then applied to patients considered high-risk for complications after SAVR, with studies
demonstrating non-inferiority.2 Subsequently, TAVR was studied in the intermediate-risk patients, and more
recently low risk patients.3-5 TAVR volumes have increased every year from 2011 to 2019, and now exceed
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surgical aortic valve replacement (SAVR).5, 6 The high cost of TAVR devices and increased costs compared to
SAVR have prompted concerns of cost efficacy.7-13 The use of monitored anesthesia care (MAC) has evolved
as one potential strategy for cost savings. MAC has increasingly been employed as a safe and effective
alternative to general anesthesia (GA), with the proportion of TAVR performed under MAC nearly doubling
from 33% in 2016 to 64% in 2019.14, 15

However, there have been concerns of adverse events during the use of MAC in TAVR.16 Early series noted
conversion rates from MAC to GA as high as 17%, at a time when surgical access of the femoral artery
was frequently required.17-19 More recent studies examining the conversion rate from MAC to GA found
fewer than one percent of cases planned for MAC required conversion to GA, with reasons for conversion
including patient discomfort and procedural complications, such as post-deployment aortic dissection with
rupture and pericardial effusion causing tamponade.20 On the other hand, the advantages of MAC are
well-documented. Studies using propensity-matching to compare outcomes between anesthesia modalities in
TAVR found MAC was associated with reductions in fluoroscopy, procedure, and LOS times, as well as an
increase in the proportion of patients discharged home.21, 22 A recent instrumental variable analysis of the
Transcatheter Valve Therapy Registry revealed decreased in-hospital and 30-day mortality, shorter hospital
length of stay (LOS), and higher proportion of discharges to home when TAVR was performed with MAC
compared to GA.14 Prospective randomized trials have also demonstrated the safety of MAC for TAVR.23

Despite the promising clinical outcomes for TAVR with MAC, the cost effectiveness of the approach in lower-
risk patients has not been well documented. Several early single-center studies compared costs between
modalities in TAVR and demonstrated cost-savings with MAC.14, 24-26 None of these included patients
deemed low surgical risk, for which TAVR gained FDA-approval in August 2019.27 Comorbidities have been
associated with adverse outcomes in TAVR.28 Given temporal differences in surgical risk and anesthesia
modality as trends in TAVR use change, it is difficult to separate the effect of anesthesia modality from the
effect of comorbidities.

Patient outcomes after TAVR at Veteran Affair (VA) TAVR centers have been shown to compare favor-
ably with benchmark data outside the VA.29 The relative uniformity of the VA patient population and
prospectively-collected databases at our institution offered a unique study opportunity. We sought to com-
pare clinical outcomes and cost data between both anesthesia modalities for patients undergoing transfemoral
TAVR. This included more recent cases, in which TAVR was used in lower-risk patients with fewer comor-
bidities.

Patients and Methods

Institutional review board approval was obtained prior to undertaking this study. All percutaneous trans-
femoral TAVR cases performed at the North Florida/South Georgia Veterans Affairs Medical Center (NF/SG
VAMC) from January 2014 to December 2019 were retrospectively reviewed. TAVR patients were identified
through a query of the local Veterans Affairs Surgery Quality Improvement Program (VASQIP) database,
which contains baseline patient characteristics and clinical outcomes data for every cardiac surgical proce-
dure performed. Valve-in-valve procedures and cases with missing cost data were excluded. The valve types
changed with the evolving technology. The Edwards Sapien and Sapien XT valves used primarily between
2014-2015, and Edwards Sapien 3 from 2016-2019. The Medtronic Evolut R and Evolut Pro were used in
a minority of cases. Patients were categorized by anesthesia type into MAC versus GA groups based on
the utilization of endotracheal intubation. The decision to administer MAC or GA for each case was made
in a multidisciplinary team format which included input from anesthesiologists, cardiologists, and cardiac
surgeons. The analysis was performed on an as-treated basis.

Demographics, baseline medical history, and outcome data points were collected according to VASQIP
definitions. Diabetes was defined as any outpatient preoperative hyperglycemia requiring oral medications
or insulin. History of cardiac surgery was defined as any history of cardiac surgery, on or off pump, such
as coronary artery bypass graft, valve replacement, or other procedures. Preoperative atrial fibrillation was
defined as the presence of atrial fibrillation or atrial flutter in the two weeks preceding surgery. Preoperative
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myocardial infarction (MI) was defined as any prior history of MI, regardless of timeframe, prior to surgery.
Thirty-day postoperative morbidity and mortality estimates were calculated by the VASQIP risk score.

Complications and outcomes were defined as follows: postoperative renal failure was defined as the devel-
opment of new renal failure requiring renal replacement therapy, or an exacerbation of preoperative renal
failure requiring initiation of renal replacement therapy within 30 days postoperatively. Postoperative atrial
fibrillation included new-onset atrial fibrillation or atrial flutter requiring any treatment. Postoperative
MI included any MI that occurred within 30 days postoperatively. Postoperative cerebrovascular accident
(CVA) was defined as any new objective neurologic deficit lasting more than 72 hours with onset immediately
post-operatively or occurring within the 30 days after surgery. Intraoperative cardiac arrest was defined as
any cardiac arrest requiring external or open cardiopulmonary resuscitation (CPR) in the operating room,
whereas postoperative cardiac arrest included any cardiac arrest requiring CPR within 30 days postopera-
tively. All lab values represent the results reported closest to the date of the surgery and exclude any lab
values collected beyond 30 days before surgery.

Direct cost data was derived from the local VA Managerial Cost Accounting system, which collects and
stores direct cost data associated with every VA hospitalization. Costs were reported under the following
categories: direct operating room (OR) cost, direct intensive care unit (ICU) cost, and overall direct costs.
Direct costs are defined as costs directly associated with patient care, such as anesthesia services, nursing
services, drugs, medical supplies, and hospitalization. Indirect costs, commonly referred to as overhead
costs, encompass the expenses not directly tied to a patient’s care, such as administrative expenses, medical
records, and information services. Indirect costs were not analyzed in this study, and all costs subsequently
mentioned are direct costs only. The types and costs of the valve prostheses used for each patient were
extracted from a local VA prosthetics database. Total hospital cost was calculated, which included physician
charges, labs, imaging, operating room, intensive care unit, step-down unit, and hospital floor costs. Overall
cost included all these inpatient charges, plus the cost of the prosthetic valve.

A non-matched analysis was initially performed. Patient characteristics, ICU LOS, total hospital LOS, and
costs were compared using Fisher’s exact test for binary data and Wilcoxon rank sum test for continuous
data. Propensity score matching was then performed. The R package “matchit” was used to match patients
who received GA with those who received MAC according to their propensity for receiving either. To assess
propensity, a logistic regression model with MAC as the outcome and VASQIP estimated mortality, age,
sex, and BMI as covariates was used. History of diabetes, history of COPD, creatinine, and hemoglobin
were excluded from the model because these factors are integrated into the VASQIP estimated mortality.
Additionally, only preoperative variables were utilized, and no procedure-related variables, including post-
operative echocardiogram findings (gradient, presence/absence of paravalvular leaks, postoperative ejection
fraction), EKG changes and/or pacer requirement, were integrated. Patients were matched using a 1-to-1
matching with a caliper width of 0.1 (meaning that matched pairs were within 0.1 standard deviations of
each other on propensity score). This process resulted in the matching of 83 of 105 GA recipients with 83 of
244 MAC recipients. To assess the effect of anesthesia type on outcomes, mixed-effects models (logistic or
linear regression as appropriate) with anesthesia type as a fixed factor and a random factor for a matched
pair were used to account for the dependency introduced by matching. For outcomes that were too sparse for
a logistic regression model, McNemar’s test for paired data was used. Finally, to assess whether OR times
were significantly shorter with MAC due to the anesthesia modality itself or due to increased institutional
experience (as MAC was used increasingly in later years), OR time was compared between MAC and GA
groups for the year 2016 only. All analyses were performed using R (V.4.0.2, The R Foundation for Statistical
Computing, Vienna, Austria).

Results

From January 2014 to December 2019, 356 elective percutaneous transfemoral TAVR procedures were per-
formed at the NF/SG VAMC. Seven of these met exclusion criteria, leaving 349 patients included in the
study. Of these, 244 cases were classified as MAC, and 105 as GA. Starting in 2015, there was a steep
decline in the use of GA, and a rapid increase in the use of MAC (Figure 2 ). Baseline characteristics of
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the entire cohort are summarized in Table 1 . With unmatched data, the MAC group had higher mean
BMI (30.4 vs. 28.7 kg/m2, P = .010), higher average preoperative hemoglobin (12.7 vs. 12.2 g/dL, P =
.031), and were less likely to have a history of prior cardiac surgery (27.9% vs. 41.0%, P= .018). Patients
who underwent TAVR with MAC had lower VASQIP estimated mortality (2.18% vs. 6.11%, P < .001). All
other patient characteristics were similar between the two groups. Outcomes between unmatched groups are
summarized in Table 2 . Despite patients in the MAC group having lower estimated VASQIP estimated
mortality preoperatively, there was no difference in postoperative renal failure (0%), postoperative MI (0.4%
vs. 1.9%, P = .216), postoperative cerebrovascular accident (0% vs. 1%, P = .301), postoperative atrial
fibrillation (1.6% vs 3.8%, P = .248), postoperative cardiac arrest (0.4% vs. 0%, P = 1), and percentage of
patients discharged to home (97.1% vs. 96.3%, P = .628). Intraoperative cardiac arrest (2.9% vs. 0.4%, P
= .083) and 30-day mortality (2.9% vs. 0.4%, P = .083), were not different between groups. The GA TAVR
cohort had a significantly higher 180-day mortality (12.4% vs. 3.3%, P = .002). TAVR cases performed with
MAC had shorter OR times (146 vs. 198 minutes, P< .001), shorter lengths of stay in the ICU (1.4 vs. 1.8
days,P < .001) and shorter total hospital length of stay (3.4 vs. 5.4 days, P < .001). The use of MAC was
also associated with lower hospital cost ($48,800 vs. $52,600, P< .001) and lower overall cost after valve
cost was included ($81,300 vs. $85,400, P < .001). Average ICU cost was $8,513 for MAC and $11,161 for
GA (P = .019). Mean OR costs were $35,994 for MAC and $32,943 for GA (P = .024). The average costs
of valves were $32,514 for MAC and $32,843 for GA (P = .178).

Propensity matching resulted in 83 MAC patients matched to 83 GA patients (Figure 1 ). Demographics
and patient characteristics of the 83 matched pairs were compared (Table 3 ). Between matched pairs,
there were no significant differences between patients who underwent MAC to those that received GA in
age (77.6 years vs. 77 years, P = .831), sex (97.6% male, P = 1), BMI (29.4 vs. 29.3 kg/m2, P =
.581), preoperative creatinine (1.4 vs. 1.2 mg/dL, P = .791), preoperative hemoglobin (12.3g/dL,P =
.791), or VASQIP estimated mortality (2.7% vs. 3.1%,P = .200). There were no differences between
propensity-matched groups in the incidence of postoperative MI (0% vs. 2%, P = .480), renal failure requiring
renal replacement therapy (0%), intraoperative cardiac arrest (1.2% vs. 1.2%, P = 1), postoperative atrial
fibrillation (1.2% vs. 3.6%, P = .335), postoperative CVA (1% vs. 1.2%, P = 1), or frequency of discharge
home (96.4% vs. 97.4%, P = .780). The MAC TAVR cohort did have significant reductions in OR times
(147 vs. 196 minutes,P < .001), ICU LOS (1.2 vs. 1.7 days, P = .006), total LOS (3.5 vs. 5.1 days, P
= .001), and 180-day mortality (2.4% vs. 12%, P = .030) when compared to the propensity-matched GA
TAVR group (Table 4 ). There were no significant differences between matched groups in hospital costs
($49,700 vs. $50,400, P = .709) or overall cost ($82,100 vs. $83,100, P = .936).

OR time for all 2016 TAVR cases were compared by anesthesia modality to eliminate bias secondary to
physician and institutional experience. There was a significant reduction in OR time when MAC was used
for TAVR (150 vs. 201 minutes, P < .001).

Comment

Unmatched analysis in this study demonstrates an association between the use of MAC for TAVR and
reductions in OR time, ICU LOS, total LOS, hospital cost, and total cost. However, MAC was also associated
with lower VASQIP estimated mortality (Table 1 ). This difference reflects temporal trends in TAVR use.
TAVR was initially applied only to patients not considered surgical candidates as a salvage alternative to
medical therapy, then to high risk patients, and eventually to intermediate and low risk patients in later
years.2, 27, 30-32 MAC was not used for TAVR at this institution until 2015, and as it became increasingly
implemented, the use of GA declined (Figure 2 ). This trend is consistent with national trends.14 Given the
asymmetrical temporal distribution of surgical risk and anesthesia modalities with time, propensity matching
was necessary to reduce confounding bias and for meaningful comparisons between anesthesia modalities for
TAVR.

The incidence of adverse outcomes, including atrial fibrillation, cardiac arrest, CVA, MI, and renal failure
requiring renal replacement therapy, were not significantly different between propensity-matched groups of
TAVR patients. The incidence of these events after TAVR is known to be low, and this study was insufficiently
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powered to detect differences in the occurrence of these uncommon events.14 25, 29, 33 No significant differences
were found in 30-day mortality or the percentage of patients discharged elsewhere besides home, but MAC
was associated with lower 180-day mortality. It is difficult to ascertain whether this is a true effect of the
anesthesia modality or a reflection of underlying bias not eliminated by propensity matching. Studies have
suggested 30-day mortality may underestimate outcomes, and longer-term outcomes may be better metrics
for assessing hospital performance and patient outcomes.34

Several studies have compared costs between MAC and GA in TAVR.14, 24, 25, 35-37 This study demonstrated
significant differences between anesthesia modalities in OR time, ICU LOS, and total LOS after propensity-
matching. It was hypothesized that these differences would translate to reductions in patient charges, but
this was not the case. The absence of significant cost savings among MAC TAVR has been reported in
a prior unmatched single-center study, which similarly found decreased ICU and hospital LOS with MAC
but no cost benefit.36 The authors found similarity in costs was mostly driven by increased “miscellaneous”
costs in the MAC group, which primarily included the costs of treating unrelated comorbidities during
the hospital stay. A 2014 retrospective unmatched comparison between TAVR via “minimalist approach,”
involving MAC and the use of catheterization lab, and a “standard approach,” which involved GA and
the use of a hybrid OR, found the minimalist approach was associated with an average cost reduction of
$9,892.24 The high cost of a hybrid OR likely explains these findings, and the use of MAC may not have
driven savings.38, 39 A 2017 propensity-matched analysis found a 28% decrease in direct cost when MAC was
used for TAVR.25 However, this latter study was of high-risk patients, with a large percentage of cases being
done by transapical approach. Average hospital stay for both arms was nearly double that observed in this
series, highlighting the limited generalizability of the study to more recent trends in the use of TAVR. Other
comparisons of high-risk patients, confounded by baseline differences between groups, have demonstrated
reduced OR, ICU, and total hospital LOS times with the use of MAC for TAVR.35, 37With the inclusion of
intermediate and low risk patients, the data presented herein offers more generalizability to the population
currently treated with TAVR.

Hospital and operator volume have been demonstrated to correlate with outcomes in TAVR.40-42 To minimize
the impact of physician and institutional experience on OR time, we compared MAC and GA TAVR within
the year 2016. This year was chosen as it had the most even distribution of TAVR between MAC and GA
and followed over 60 cases and two years of institutional experience with TAVR. In this analysis, MAC was
still associated with significantly shorter OR time, suggesting the difference is due to the anesthesia modality
itself, not confounders such as increased institutional experience or new deployment devices.

Physician experience and case volume vary considerably between studies, which poses a challenge when
comparing our findings to previous analyses. Among the TAVR programs developed at 13 national VAMC’s,
our center is the highest volume VAMC TAVR program based on internal data. While prior studies were
performed at non-VA hospitals, this is the first study comparing costs between MAC and GA TAVR at
a VAMC, which has a very standardized cost structure. Differences in administrative, clinical, and billing
operations between non-VA and VA centers may limit extrapolation of costs to non-VA centers. For instance,
the relative value units (RVU) used for reimbursement purposes are calculated differently between VAMCs
and other hospitals. RVUs defined by the Centers for Medicare and Medicaid Services (CMS) for non-VA
facilities are based on factors like technical skill, stress, and judgement required for a treatment associated
with a current procedural terminology (CPT) code. The VA instead uses a unique RVU formula that is
based on the resources used for a service (e.g., OR time, ICU LOS) and further specifies RVUs for several
different resource categories (labor, supplies, overhead, contractors, etc.).43 It can be difficult to extrapolate
costs between VA and non-VA hospitals, as studies of these differences are limited. Healthcare costs for
end-stage renal disease patients have been shown to be more expensive at VA hospitals compared to at
non-VA hospitals, but studies like this are confounded by comorbidity distribution and different approaches
to medical management.44 More recent comparisons have demonstrated increased costs at VA hospitals
compared to community hospitals for coronary artery bypass grafting, but lower costs for percutaneous
coronary intervention.45 Cost data for other hospitals would include indirect costs, such as administrative
expenses.
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While our study was performed at the highest volume VA TAVR program, it remains limited by the propen-
sity matched sample size and its retrospective nature. Additionally, the VA patient population is almost
exclusively male, limiting the generalizability of our results. Despite these limitations, our study demon-
strates strong advantages to the use of MAC for TAVR. In a high volume VAMC, TAVR performed under
MAC is safe, leads to an improvement in OR efficiency, and reduces ICU and hospital length of stay, but
does not translate into cost savings.
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