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ORIGINAL AND CLINICAL ARTICLES

Aortic stenosis (AS) is a cardiac valvular lesion 
that can cause sudden death. The prevalence of AS 
increases with age, including up to 10% of octoge-
narians [1, 2]. Anesthetic management of patients 
with AS includes maintenance of preload and sys-
temic vascular resistance (SVR) in an effort to main-
tain coronary perfusion [3]. Therefore, the use of 
spinal anesthesia (SA) in patients with AS has been 
considered a relative contraindication due to the risk 
of decreasing SVR and a subsequent decrease in pre-
load [4]. Induction of general anesthesia (GA) in pa-
tients with AS can also be problematic as induction- 
triggered hypotension, and positive pressure venti-
lation can decrease SVR and impede venous return. 
As such, this patient population presents challenges 
in selecting the best anesthetic plan.
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SA, along with epidural anesthesia, has been 
shown to reduce morbidity compared to general 
anesthetics in some studies [5]. A recent systematic 
review has called into question the notion that SA 
should be completely avoided in patients with AS; 
however, prospective trials are lacking [6]. Patients 
undergoing lower extremity total joint arthroplasty 
(TJA) frequently receive SA, in accordance with 
best practice recommendations from the Ameri-
can Academy of Orthopedic Surgeons [7]. Despite 
the concerns with SA in AS, we have anecdotally 
observed patients with AS undergoing SA without 
incident. However, it is unknown if AS patients are at 
greater risk of adverse outcomes when receiving SA. 
As a result, the principal aim of this study was to 
determine the association between outcomes in 
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Abstract
Background: Aortic stenosis (AS) is a cardiac valvular lesion that can cause sudden 
death. Spinal anesthesia (SA) has been considered a relative contraindication in patients 
with AS. We sought to compare outcomes in patients with AS undergoing SA versus 
general anesthesia (GA) for lower extremity total joint arthroplasty (TJA). 

Methods: A retrospective chart review was conducted of elective, primary TJA cases be-
tween January 1, 2011, and November 30, 2017, at three tertiary care academic medical 
centers. Participants included 89 patients with AS undergoing TJA with SA, and 74 with 
AS undergoing TJA with GA. Primary endpoints included 90-day mortality, blood trans-
fusion, hospital length of stay (LOS), and the 90-day incidence of deep vein thrombosis, 
pulmonary embolism, myocardial infarction, and stroke. Propensity score matching was 
utilized to assess differences in outcomes between patients receiving GA vs. SA. 

Results: After matching, there were no significant differences in mortality (GA 0% vs. 
SA 1%; OR: 1.01 [0.98, 1.05]; P = 0.498), serious complications GA 2.2% vs. SA 0%; OR: 
1.00 [0.95, 1.05]; P = 0.233), blood transfusion (GA 12.4% vs. 9% SA; OR: 1.01 [0.86, 1.19]; 
P = 0.751) within 90 days in the GA vs. SA groups, nor hospital LOS (GA mean 3.0 vs. SA 
mean 2.9, b 0.3 [–0.11, 0.70]; P = 0.153). 

Conclusions: There were no differences in the incidence of mortality or serious com-
plications in matched patients with AS undergoing elective primary lower extremity 
TJA under SA versus GA.

Key words: spinal anesthesia, neuraxial anesthesia, general anesthesia, aortic 
stenosis, total joint arthroplasty, complications.
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patients undergoing TJA with AS receiving SA com-
pared to GA. We hypothesized that the incidence 
of in-hospital mortality and serious complications 
would be similar between patients with AS who re-
ceived either GA or SA undergoing TJA. 

Methods
After receiving institutional review board ap-

proval, a retrospective chart review was conducted 
of patients with AS who underwent elective primary 
TJA between January 1, 2011, and November 30, 
2017, at three hospitals within one health system. 
These patients were identified through Interna-
tional Classification of Disease (ICD)-9/10 codes to 
identify AS as a medical comorbidity prior to TJA, 
which was identified by Current Procedural Termi-
nology (CPT) codes for total knee arthroplasty (TKA) 
and total hip arthroplasty (THA). We then identified 
all patients with pre-operative AS undergoing TJA. 
Subsequently, we identified those who received SA 
using pharmacy data to identify intrathecal local 
anesthetic administration. We compared outcomes 
from this group to a matched cohort of patients 
with AS undergoing TJA receiving GA.

Our inclusion criteria included patients > 18 years 
old with AS. The diagnosis of AS was based on the 
most recent American College of Cardiology and 
American Heart Association guidelines with mild, 
moderate, and severe AS corresponding to a mean 
gradient of 20–30 mmHg, 30–40 mmHg, and  
≥ 40 mmHg, respectively, with a documented pre
operative echocardiographic report within 12 months 
of the operation [8]. We excluded patients < 18 and  
> 95 years old, patients who signed a waiver to ex-
clude their medical records from research studies, 
American Society of Anesthesiologists physical sta-
tus (ASA) classification > 4, non-elective THA/TKA, 
prior aortic valve replacement, and pregnant cases.

Demographic information was collected, in-
cluding age, sex, height, weight, and body mass 
index (BMI). Primary endpoints included 90-day 
mortality, blood transfusion, hospital length of 
stay (LOS), and the 90-day incidence of deep vein 
thrombosis (DVT), pulmonary embolism (PE), 
myocardial infarction (MI), and stroke. Secondary 
outcomes included the perioperative incidence 
of unstable arrhythmias.

Statistical analysis
Study demographics and outcomes by receipt of 

SA or GA were described as frequency and percent-
ages or means and standard deviations. Categorical 
variables were assessed by Pearson c2 test and con-
tinuous variables were assessed by Kruskal-Wallis 
test. When counts were below 5, Fisher’s exact test 

was used. Continuous variables were checked for 
normal distribution. 

We utilized propensity score matching models 
to determine differences in the occurrence of com-
plications (presence of DVT, PE, MI, or stroke), blood 
transfusion, mortality within 90 days, and LOS be-
tween patients receiving GA vs. SA. Propensity score 
matching seeks to balance variables of interest be-
tween treatment groups in order to reduce bias in 
estimating treatment effects [9]. In order to detect 
a moderate effect size (0.35) with 80% power at 
the 5% significance level, this study needed at least  
61 matched pairs. To achieve the best balance in the 
observed covariates, we used 1 : 1 matching with 
replacement [10–12]. Patients receiving GA vs. SA 
were matched on degree of AS severity, patient age, 
sex, BMI, year of surgery, and procedure type (TKA 
vs. THA). Parameters were estimated as the average 
treatment effect on the treated using a logit model 
and outcomes were exponentiated in order to report 
adjusted odds ratios and 95% confidence intervals 
(CIs). Stata/MP 16.1 was used to conduct the analysis. 

Results
After applying the inclusion criteria, there were 

89 AS patients who received SA and 74 AS patients 
who received GA for lower extremity TJA (Figure 1). 
Prior to matching, there were no significant differ-
ences in mean age, sex, BMI, left ventricle ejection 
fraction (LVEF), or type of TJA surgery (TKA vs. THA) 
(Table 1). In addition, the median LVEF in GA patients 
was 62% (range 20–75%) compared to 62.5% (range 
44–78%) in SA, and the incidence of left ventricular 
diastolic dysfunction was 41.1% in GA vs. 53% in SA 
(P = 0.526). However, there were statistically signifi-
cant differences in the severity of AS between the 
two groups: in the GA group, 39.2% had mild, 44.6% 
moderate, and 16.2% severe AS, while in the SA 
group, 71.9% had mild, 24.7% moderate and 3.4% 

Total hip and total knee arthroplasty cases during study period (n = 43,026) 

Cases excluded for no research 
authorization (n = 2,782)

Cases excluded for: 
• ASA class modifier E or > 4
• Age < 18 or > 95 
• Bilateral hip surgical repair
• Cancer diagnosis
• Non-elective THA/TKA
• Pregnancy
• �No aortic stenosis diagnosis 

(n = 40,081)

General anesthesia 
(n = 74) 

Spinal anesthesia 
(n = 89) 

Figure 1. Research flow chart

Matched 
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severe AS (P < 0.001). All SA patients received 0.5% 
isobaric bupivacaine, with a median dose of 12.5 mg 
in each independent procedure (TKA, THA). In the SA 
group, 2 out of 89 (2.2%) patients received invasive 
blood pressure monitoring, and the arterial line was 
placed prior to SA in one of them (50%). In the GA 
group, 18 out of 74 (24.3%) patients received invasive 
blood pressure monitoring, and the arterial line was 
placed prior to induction in four (22.2%) of these. 

Intraoperative fluids, vasoactive medications, 
and the incidence of hypotension between the two 
groups are identified in Table 2. The mean volume 
of intravenous (IV) sodium chloride (NaCl) 0.9% 
was 1060 ± 418 mL in patients receiving SA versus 
a mean volume of 706 ± 679 mL in patients receiv-
ing GA (P = 0.032). The mean volume of lactated 
Ringer’s (LR) administered during SA was 1298 ± 
852 mL vs. 1839 ± 694 mL in patients receiving GA  
(P < 0.0001). Additionally, seven patients (8%) in the 
SA group received intravascular colloid fluids (5% al-

bumin solution) with a mean dose of 459 ± 172 mL 
versus eight patients (11%) in the GA group with 
a mean dose of 720 ± 248 mL (P = 0.027). All other 
variables in table 2 demonstrated no difference be-
tween SA and GA groups. 

Prior to matching, there were no significant dif-
ferences in complications at 90 days or blood trans-
fusion between the two groups. In the GA group, 
3 (4.1%) patients developed complications within 
90 days after surgery: 1 DVT, 1 MI, and 1 stroke and 
MI; in the SA group, 1 (1.1%) patient developed DVT  
(P = 0.33). Eleven (14.9%) GA patients required 
blood transfusions during their hospital stay com-
pared with 12 (13.5%) in the SA group (P = 0.801). 
One (1.1%) patient died in the SA group compared 
to 0 deaths in the GA group within 90 days of sur-
gery (P = 0.999). There were no inpatient mortalities 
in either group. The mean hospital LOS in the GA 
group was 3.2 (1.1) compared to 2.8 (1.4) days in the 
SA group (P = 0.023). 

Table 1. Demographics: general anesthesia (GA) vs. spinal anesthesia (SA)

Variable GA (n = 74) SA (n = 89) Total P-value

n % n % n %
Age 75 8.5 74 9.8 75 9.2 0.673

Sex

Female 30 40.5 28 31.5 58 35.6 0.228

Male 44 59.5 61 68.5 105 64.4

AS

Mild 29 39.2 64 71.9 93 57.1 < 0.001

Moderate 33 44.6 22 24.7 55 33.7

Severe 12 16.2 3 3.4 15 9.2

Procedure type

THA 62 83.8 73 82.0 135 82.8 0.767

TKA 12 16.2 16 18.0 28 17.2

Mean SD Mean SD Mean SD P-value
LVEF 59 11 62 7 61 9 0.404

Year of surgery 2013 2.0 2014 2.1 2014 2.1 0.311

BMI 31.9 6.4 30.8 6.3 31.3 6.4 0.277
AS – aortic stenosis, THA – total hip arthroplasty, TKA – total knee arthroplasty, LVEF – left ventricle ejection fraction, BMI – body mass index

Table 2. Intraoperative fluids, vasoactive medications, and incidence of hypotension

Variable SA GA P-value
IV Sodium chloride (NaCl) 0.9% (mL) 1060 ± 418 706 ± 679 0.032

Lactated Ringer’s (mL) 1298 ± 852 1839 ± 694 < 0.0001

Total IV crystalloid fluids (mL) 1536 ± 671 1860 ± 736 0.004

Colloid fluids (albumin 5%) (mL) 459 ± 172 720 ± 248 0.027

Ephedrine (mg) 22 ± 18 30 ± 22 0.050

Phenylephrine (mg) 962 ± 1172 586 ± 509 0.401

Time of MAP < 20% baseline (min) 70 ± 33 75 ± 35 0.699
SA – spinal anesthesia, GA – general anesthesia, IV – intravenous, MAP – mean arterial pressure
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After propensity matching, all standardized 
mean differences were less than the guideline 
maximum differences of 25% (Table 3), and no 
significant differences between the GA and SA 
groups remained with regards to the severity of AS, 
age, sex, year of surgery, BMI, and procedure type 
(THA vs. TKA) [10]. There were no significant differ-
ences in the outcomes of interest after matching  
(Table 4). Specifically, there were no differences in 
complications within 90 days of surgery (DVT, PE, MI, 
and stroke) (GA 2.2% vs. SA 0%; OR: 1.00 [0.95, 1.05],  
P = 0.233), blood transfusions during hospital 
stay (GA 12.4% vs. 9% SA; OR: 1.01 [0.86, 1.19],  
P = 0.751), mortality within 90 days (GA 0% vs.  
SA 1%; OR: 1.01 [0.98, 1.05], P = 0.498), and hospi-
tal LOS (GA mean 3.0 vs. SA mean 2.9, b 0.3 [–0.11, 
0.70], P = 0.153). With regards to our secondary 
outcomes, no patients in either group experienced 
an intraoperative unstable arrhythmia or were any 
post-operative unstable arrhythmic clinical events 
notated.

Discussion
In this propensity-matched study of patients un-

dergoing TJA with AS, we found a similar safety pro-
file using either SA or GA. No significant differences 
were found in the incidence of 90-day mortality, 
serious complications (DVT, PE, MI, stroke), or blood 
transfusion. The SA group demonstrated a shorter 
hospital LOS prior to matching; however, no statisti-
cal difference persisted after matching. 

Best practice guidelines for TJA recommend SA, 
which some are hesitant to employ in patients with 
AS [7]. In a systematic review of the use of neuraxial 
anesthesia (NA) in patients with AS, Johansson et al. 
[6] found only 10 patients with AS that received NA 
with 7 non-cardiac and 3 cardiac surgeries. Of the 
non-cardiac operations, five cases were hip arthro-
plasty; four received continuous SA, and one re-
ceived epidural anesthesia (EA). Five out of ten (50%) 
received invasive arterial monitoring before receiv-
ing NA, and all patients remained hemodynamically 
stable during and after surgery. In contrast, we only 

Table 3. Comparison of propensity matched vs. non-matched groups

Variable Propensity matched Non-matched

SA 
(n = 89)

GA 
(n = 89)

Standardized mean 
difference

P-value SA GA Standardized mean 
difference

P-value

Severity

Mild 72% 75% 0.07 0.61 72% 39% 0.69 0.00

Moderate 25% 21% 0.08 0.53 25% 45% 0.42 0.01

Severe 3% 4% 0.02 0.84 3% 16% 0.44 0.01

Age, years 74 74 0.01 0.95 74 75 0.12 0.45

Sex 

Male 31% 35% 0.07 0.64 31% 41% 0.19 0.23

Female 69% 65% 0.07 0.64 69% 59% 0.19 0.23

Year of surgery 2014 2013 0.17 0.25 2014 2013 0.16 0.32

BMI 30.8 30.7 0.02 0.88 30.8 31.9 0.17 0.27

Procedure type 

THA 82% 89% 0.18 0.21 82% 84% 0.05 0.77

TKA 18% 11% 0.18 0.21 18% 16% 0.05 0.77
SA – spinal anesthesia, GA – general anesthesia, BMI – body mass index, THA – total hip arthroplasty, TKA – total knee arthroplasty

Table 4. Outcomes in general anesthesia (GA)# vs. spinal anesthesia (SA)

  GA SA OR 95% CI P-value

n (%) n (%)

Serious complications* 2 (2.2) 0 (0) 1.04 [0.97, 1.11] 0.233

Blood transfusion 11 (12.4) 8 (9) 1.03 [0.87, 1.21] 0.751

Mortality within 90 days 0 (0) 1 (1) 0.99 [0.95, 1.03] 0.498

Mean (SD) Mean (SD) Coefficient 95% CI P-value

Hospital length of stay 3.0 (1.0) 2.9 (0.5) 0.3 [–0.11, 0.70] 0.153
#Referent group. *Defined as a composite of deep vein thrombosis, myocardial infarction, pulmonary embolism, or stroke.
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found 2.2% of patients in the SA group receiving in-
vasive blood pressure monitoring. Our review finds 
that more GA patients (24.3%) received arterial 
line placement compared to SA. Additionally, the 
average duration of MAP below 20% was slightly 
longer in GA than SA (75 vs. 70 mins, respectively), 
although not statistically significant. 

Ho et al. [13] retrospectively reviewed the use 
of hypotensive EA in patients with noncritical, as-
ymptomatic AS undergoing total hip replacement 
between 1994 to 2005. When hypotensive EA was 
performed in 22 patients, they reported no compli-
cations: no mortality, MI, strokes, nor PE. In our data, 
we detected no differences in serious complications 
between SA and GA patients (Table 4). In another 
study, Taniguchi et al. [14] included 187 patients 
with severe untreated AS who underwent non-car-
diac surgery under GA or SA. At 30 days, eight pa-
tients (4.3%) died in the untreated severe AS group. 
Two of them (25%) received SA, and six received GA. 
Only 64 of the 187 patients with untreated severe 
AS underwent hip or knee surgery, and 65 of the 
187 received SA. It is not clear from their manuscript 
which surgeries the 65 SA patients underwent. No 
intraoperative mortalities occurred. Our results align 
with these previous studies as we found no intraop-
erative mortality following TJA in patients with AS 
undergoing either GA or SA. Our single instance of 
mortality was in a 40-year-old female with a history 
of chronic renal failure, kidney transplant, conges-
tive heart failure, severe pulmonary hypertension, 
and mild-moderate AS who died of unclear reasons 
on post operative day 4 at home after a TKA. 

The safety of continuous SA and combined spinal- 
epidural anesthesia have also been evaluated in 
AS. Fuzier et al. [15] reported two cases of severe AS 
that underwent hip surgery under continuous SA 
with no subsequent major postoperative complica-
tions. Kim et al. [16] reported a case of a 77-year-old 
female scheduled for lumbar discectomy for L4–L5 
spinal stenosis with severe AS. The patient received 
combined spinal-epidural anesthesia, and no com-
plications were developed during her hospital stay. 
Lopez et al. [17] reported 2 cases of females with 
severe AS scheduled for hip fracture repair under 
continuous SA. Again, there were no hemodynamic 
complications throughout the cases. We did not 
have any cases of continuous SA in our data set.

Regarding intra-operative hemodynamics, we 
found a significantly higher total IV fluids in GA 
vs. SA (1836 vs. 1464 mL, P = 0.002). GA patients 
received significantly more ephedrine in GA when 
compared to SA (30.4 vs. 22 mg, P = 0.050) (Table 2). 
Phenylephrine doses were higher in SA than in GA 
(961.5 vs. 586.3 mg, P = 0.401), although the differ-
ence was not statistically significant. Nonetheless, 

there were no significant differences in primary 
outcomes between both groups after matching. 
Our data suggest that judicious SA or GA in patients 
with AS undergoing elective TJA may yield similar 
results. To our knowledge, the present study is the 
largest study of propensity-matched patients with 
AS undergoing TJA under SA versus GA. We were 
able to quantify the degree of AS and match pa-
tients based on whether they had mild, moderate, 
or severe valvular disease, as well as BMI, year of sur-
gery, sex, and type of joint replacement. There were 
no in-hospital deaths and, importantly, no intra- 
operative events. In addition, there was no signifi-
cant difference in LVEF or left ventricular diastolic 
dysfunction between the SA and GA groups. Much 
of the concern regarding the choice of SA or GA in 
patients with AS is the risk of clinical deterioration 
on induction of anesthesia. We did not detect any 
critical intraoperative events surrounding induction 
in either group.

Our data are subject to the limitations of any 
chart review, such as missing data or incorrect data 
entry. Although we used blood pressure as our 
marker of hemodynamic stability, this is similar to 
previous studies when evaluating intraoperative 
outcomes [12]. Additionally, this study is limited by 
a relatively small sample size (n = 163) and therefore 
cannot conclude that SA is less or safer than GA. This 
sample size does allow us to detect a medium ef-
fect size of 0.5. However, as the evaluated outcomes 
are rare events, a larger sample may be needed to 
identify differences between the groups. Addition-
ally, there are potentially other variables that could 
be associated with outcomes of interest such as 
mortality. While we have sought to match on clini-
cally relevant variables associated with outcomes of 
AS, future studies should seek to further evaluate if 
other patient or surgical characteristics might addi-
tionally contribute to identified outcomes. Despite 
this, and to our knowledge, this study represents 
the largest cohort comparing patients with AS re-
ceiving SA vs. GA during THA and TKA. Moreover, 
most of the previous literature has been presented 
as case reports and lacks a matched comparator. 
We also did not consider the differential effects of 
anesthetic technique on delirium, however this has 
recently been explored in a large randomized clini-
cal trial which did not detect a treatment effect [18]. 
Lastly, although a larger database would likely iden-
tify more patients for a study of AS comparing SA 
versus GA in TJA, administrative databases would 
lack information on the severity of AS, intraopera-
tive fluid, and vasoactive medications.

In conclusion, we did not see a significant differ-
ence in the incidence of mortality or serious peri-
operative complications when comparing SA and 
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GA in AS patients undergoing TJA. Although SA 
has been considered a relative contraindication in 
patients with AS, this cohort did not demonstrate 
a difference in complications compared to GA.  
No intraoperative deaths occurred in either group. 
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